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Observations on the Illness and Consumption of a Possibly
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ABSTRACT. Detailed observations on the consumption of Vernonia amygdalina (DEL.), a naturally
occurring plant of known ethnomedicinal value, by an adult female chimpanzee (Pan troglodytes
schweinfurthii) of M-group in the Mahale Mountains, Tanzania were made. Chewing the pith of
several shoots, she sucked out and swallowed the astringent, bitter tasting juice; spitting out the
fibrous remains. The female was followed during this period for 11 hr, over two consecutive days,
and was recognized to be in irregular health at the time of consumption, exhibiting signs of lethargy,
lack of appetite, and irregularity of bodily excretions. The low frequency and lack of seasonality in
the usage of this plant suggest that it is sought after for reasons other than as a food source. These
factors suggest that for chimpanzees, the consumption of this plant is primarily medicinal. The
symptoms displayed by the female are the same as those experienced by people throughout tropical
Africa who utilize this plant as a medicinal treatment for them. Interactions between the female and
others suggest that they too were aware of her condition and coordinated their activities with the
female and her infant.
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INTRODUCTION

Observations on the consumption of certain plants containing medicinal properties have
been reported for mammals (JANZEN, 1978), and in particular among primates (HAMILTON
et al., 1978: Papio ursinus; PHILLIPS-CONROY, 1986: Papio hamadryas, P. h.X P. anubis
hybrid; WRANGHAM & NisHIDA, 1983, TAKASAKI & HUNT, 1987: Pan troglodytes schwein-
JSurthii). PHILLIPS-CONROY (1986) suggested that the leaves and nutritious, tasty berries of
Baldnites aegyptiaca (L.) DEL., were eaten by P. hamadryas and P. h.x P. anubis hybrid as
a prophylactic agent against schistosomiasis. This plant was found to be a regular part of
their diet along parts of the Awash river, Ethiopia, where schistosomiasis was most prevalent.
For WRANGHAM and NisHIDA (1983), it was the peculiar feeding habits of Aspilia spp. at
Gombe Stream and Mahale Mountains National Parks, Tanzé4nia, which first drew their
attention to the possible use of medicinal plants by chimpanzees. They argued that Aspilia
spp. were not eaten for their caloric value, as the leaves of all of these species were swallowed
slowly and without chewing. Subsequent chemical analysis (RODRIGUEZ et al., 1985) and
another report on a different species eaten, (Lippia plicata BAKER, of known medicinal use)
in a similar manner at Mahale (TAKASAKI & HUNT, 1987), strengthened their hypothesis.
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PHiLLIPS-CONROY (1986) points out the difficulty in distinguishing the relative nutritional
and medicinal value of many primate plant foods with known active secondary compounds.
The above reports cited medicinal use of the plants utilized, but provide little or no infor-
mation about the physical state of the user before and after consumption. An ideal example
of plant consumption primarily for medicinal value, would be one in which utilization is
distinguishable from the daily dietary habits of the population and in which consumption is
identifiable with sickness in the individuals concerned. This paper reports on yet another
plant species of known ethnomedicinal value possibly utilized for its medicinal properties
by chimpanzees at Mahale. Detailed observations on the change in health and behavior of
one individual, before and after its consumption are presented. Based on these observations
and other available material, the acquisition and possible use of medicinal plants in chim-
panzees are discussed.

METHOD AND MATERIALS

The M-group of chimpanzees in Mahale Mountains National Park, Tanzania was studied
by M.A H. for two five-month periods (August-December) in 1985 and 1987. Adult males
and females were selected as study subjects and focal animal sampling was conducted
(ALTMANN, 1974) following individuals for as long as possible. All members of the group
were individually identified (HiIRAIwA-HASEGAWA et al., 1984). All plant species utilized by
them, were identifiable by the local Kitongwe/Kiswahili vernacular and Latin names (NI-
SHIDA & UEHARA, 1981, 1983). During November and December 1987, M.S., accompanied
M.A H. into the field, assisting in plant identification, tracking, and observation of the study

Fig. 1. CH and her 2.5-year-old male infant CP.
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subjects. M.S. is trained by his grandfather in the traditional Tongwe use of local medicinal
plants. ,

The adult female chimpanzee, CH, was born in K-group circa 1958 and transferred into
M-group where she has remained since 1981 (NISHIDA, 1979; HIRAIWA-HASEGAWA & HASE-
GAWA, 1988). CH has one surviving dependent 2.5-year-old male infant, CP (Fig. 1).

The Plant Consumed

Vernonia amygdalina DEL. (Compositae), a shrub or tree reaching up to 8 m, occurs nat-
urally throughout tropical Africa. It is also frequently planted around villages and sold at
markets in West Africa for its many uses (DALZIEL, 1937; BURKILL 1985). Of direct relevance
to this paper is the widespread medicinal use of V. amygdalina throughout tropical Africa
against parasites and gastrointestinal disorders in people and their livestock. Table 1 gives
a detailed description of some of these ethnomedicinal uses. One other species, V. colorata
(WiLLD.) DRAKE, very similar in appearance, is known by the same vernacular names and
apparently is not distinguished from V. amygdalina by the people in tropical Africa where
both are found (DALzieL, 1937). The medicinal use of both species are the same (IRVINE,
1961; BURKILL, 1985).

In English, this plant is called ‘bitter leaf” because of the astringent, bitter taste of its leaves,
root, bark, and stems (WATT & BREYER-BRANDWUIK, 1962; BURKILL, 1985). A bitter principle,

Table 1. Some ethnomedicinal uses of Vernonia amygdalina in Africa.*

Disorder/illness Parts utilized Countries/comments
Parasites:
Schistosomiasis root, bark Zimbabwe, Mozambique: mixed with Vigna sinensis
Malaria (fever) root, stem-bark, leaves E. Africa, Angola, Guinea, Nigeria, Ethiopia: a
quinine substitute
Antihelmentic root, leaves E. Africa: treatment in children for trematodes used
as a suppository
root, seeds Nigeria: enteritis, worms
leaves W. Africa: crushed in water and given to horses for

worms, and there also reports of cattle grazing free-
: ly on it, especially in the evening
“leaves Nigeria: for nursing infants, passed through mother’s

milk
Amoeba root-bark S. Africa: cold infusion used as substitute for
ipecacuanha (ipecac) a source of emetine
Epidermal affections leaves Nigeria: treatment for ringworm, schistosome, and
dermititis
Intestinal upsets:
Constipation leaf, sap Nigeria, Tanzania, Ethiopia
Diarrhea stem, root-bark W. Africa
Unspecified stem, root-bark, leaves Angola, Nigeria, E. Africa
Miscellaneous:
Scurvy : leaves Sierra Leone, Nigeria, W. Cameroons; leaves sold

in markets
W. Africa: substance known as vernonin, a cardio-
tonic glycoside’comparable to digitalin, a heart

AL
“Heart weakness” root

stimulant
Lack of appetite leaf W. Africa; leaves soaked and squeezed several times
in cold water and boiled for use in soup
Coughing leaf Ghana, Nigeria, Tanzania
Rheumatism stem, root-bark Nigeria

*Sources taken from DALzIgL, 1937; WATT & BREYER-BRANDWIIK, 1962; KOkWARO, 1976 BurkiLL, 1985.
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vernonine, has been demonstrated and found to be 1009 fatal when injected subcutaneously
in mice at 10 g/kg body weight. It has also been found to have a hypotensive effect on dogs
(IRVINE, 1961). M.A.H. conducted field experiments on the infusion’s toxicity, using Barbus
semifer minnows (3 g dried leaves/100 ml water) in a series of diluted test solutions. It was not
possible to use shoots for the field bioassay because of problems with mold when drying the
specimens. However, the chemical composition of the active substance found in the leaf is
considered to be the same as that found in the pith. The solution was found to be fatal at 209
(% infusion of 500 ml water) within 6 hr.

NisHIDA and UEHARA (1981, 1983) included V. amygdalina in the natural diet of the chim-
panzees of Mahale in both K- and M-groups. According to their 59-month survey between
1973 and 1981, the leaves, pith, and bark were utilized. There is no apparent seasonality in
its use, as it was recorded year round. The relative frequency of utilization during this period
is not given, but they cite 21 cases for which the feeding bout time was recorded (NiSHIDA &
UEHARA, 1983). UEHARA (unpubl. data), during 29 months of this survey (K- -group only),
recorded its use 26 times (15/21 cases given above) by 12 individuals. It was the pith that was
utilized in all but two of these cases. In one of these cases the user, a male, was apparently
recovering from an influenza-like sickness (see UEHARA & NYUNDO, 1983; UEHARA, unpubl.
data). The four individuals, CH, WD, GW, and WL (all presently in M- -group) were observed
by UEHARA to have eaten this plant at least two or more times; CH was observed to do so
seven times (UEHARA, unpubl. data). During M.A.H.’s ten—month study its consumption by
chimpanzees in M-group was observed only once as described below. This plant is found in
the woodland zone of the M-group’s home range. According to WRANGHAM (1975), at
Gombe, the pith of V. colorata is eaten. No indication however is given about the fre-
quency of its use or the physical state of individuals observed consuming it.

OBSERVATIONS

On November 21-22, 1987, CH was observed for a total of 11 hr 8 min. The observations
are split up into three periods for comparison of the change in CH’s activity patterns over
time, and between CH and other adult females. The periods are defined as follows: day one
(12:41-17:55; 267 min), day two/morning (9:07-12:49; 222 min), and day two/afternoon
(13:06-16:05; 179 min). With the exception of an initial 28 min ad lib. observation between
12:41-13:22 on day one, all were made by focal animal sampling.

Figure 2 shows CH’s travel route during these two days of observation. The following is
a condensed version of these observations.

DAY ONE (clear)

CH and CP are first seen at 12:41 (Fig. 2) in a mixed group with nine others (LJ, KZ, JI,
WD, MG, MA, WL, AS, and SF). At 12:54 CH splits off from the group with the two other
adult females and their three offspring, heading §outh away from the river, in the Hwasi
valley, into the forest. At 13:05 we find CH resting in a tree and CP nearby. WD, her 8-
month-old female infant MG, and adolescent son M A are with them. We follow WD as she
and her offspring move off to forage at 13:22. At 13:56 we return following WD to CH,
who is now sleeping in a day bed in the same tree as before (CH becomes the focal animal
at this time).
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Fig. 2. Travel route of CH between November 21 and 22, 1987. 1: Nov. 21, 12:41; 2: 13:05; 3: 14:13;
4:16:53-17:17; 5: 17:39—; 6: Nov. 22,9:07; 7: 11:03-11:31; 8: 13:06; 9: 13:51: 10: 16:05.

At 14:02, CH climbs down and the group moves on south. While WD, MG, M4, and CP
move ahead in the trees and on the ground foraging, CH slowly follows behind. WD, MA,
and CP stop and feed on P. purpureum. At 14:13 CH goes directly to and sits down in front
of 2 2 m high shrub of V. amygdalina (Fig. 2, No. 3). She pulls down several young branches,
approximately 2.5 cm in diameter at the base and 1 cm at the tip, to her lap and peels off
the outer bark, leaves intact on the bark, exposing approximately 25 cm of pith from the tip
down. This distal portion of the shoat is flexible and succulent (Fig. 3).

CH bites this portion off into several 5-7 cm portions, each time chewing them for several
seconds. While doing so she makes a conspicuous sucking sound as she extracts and swallows
the juice, spitting out the remaining fibers. Continuing in this manner, she processes several
(not counted) shoot tips until 14:25.20. She pauses and begins nfoving her tongue around the
inside of her mouth and teeth, opening and closing her lips slightly as if cleaning the inside.
She makes no recognizable facial expression but her mouth seems to be affected by the sub-
stance she is eating. At 14:27.15 she shifts position and pulls down a dried stalk of Pennisetum
purpureum SCHUMACK, and feeds on the larvae, eggs, and worker ants (Crematogaster sp.)
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‘ j’/k N Fig. 3. Branch tips of Vernonia amygdalina.

found inside. At 14:30.54 she begins again to feed on V. amygdalina and until 14:35.07 she
extracts the juice from four 15-25 cm long shoot tips.

During this time CP and WD sit nearby. WD is feeding on the tender pith of shoots of
P. purpureum, and shows no interest in V. amygdalina although she is sitting on top of the
bent over shrub to get at the grass. CP frequently shows interest in what CH eats by begging
for the contents of her mouth. CP picks up pieces of the plant CH drops from her mouth
and the discarded leaves and bark, putting them in his mouth for a few seconds but quickly
discards them. CP continues to chew on the pith of small shoots of P. purpureum with WD.
CP latter co-feeds with CH when she feeds on larvae, eggs, and worker ants (Crematogaster
sp.).

After a brief rest, CH gets up and moves. The others follow behind. They occasionally
forage on Aframomum sp. CH frequently stops to rest. At 15:01 CH and WD climb up a
large tree. WD begins to feed on Saba florida (BENTH.) BULLOCK fruit and CH makes another
day bed, resting until 15:30 when WD climbs down and sits on the ground below. CH leaves
her bed and climbs part way down the tree. She stops and builds another day bed. WD, after
a few minutes hesitation climbs back up into the tree and makes another bed next to CH at
15:33.

At 16:49 CH climbs out of her bed and urinates off the side. Viewed in bright light, her
urine is unusually dark colored. CH slowly follows behind WD, M A, and CP. At 16:53 they
cross the river in the Lwegele valley and CH takes a drink of water. They all forage on
Aframomum sp. until 17:17 (Fig. 2, No. 4). CH slowly follows behind them, frequently
stopping to rest. When CH reaches (17:29) the others, WD and M A have already begun to
make their night beds. CP is waiting on the ground. CH attempts to defecate but appears to
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Fig. 4. CH lying on a fallen tree to defecate.

be in pain when doing so. The discharge is slow but not firm. She climbs up and lays side-
ways on a fallen log and continues to defecate in small amounts (Fig. 4). At 17:36 CH climbs
up into the closest tree attempting to defecate twice more, resting every meter or so. At 17:39
she begins to build a night bed and settles down at 17:44 (Fig. 2, No. 5). Observations are
stopped at 17:55.

DAY TwWO/MORNING (clear)

At9:07 CH and CP are first seen, together with nine others in a mixed group (DE, JI, WD,
MG, MA, WL, AS, PT, and GW) at a spot approximately 60 m from where they were left
the night before (Fig. 2, No. 6). At 9:15 CH moves away and lays down at the edge of the
group, leaving CP to play with two adolescents 4S and M A, and a young adult female PT.
At9:59 CP follows PT,and CH slowly follows behind. Soon the whole group moves south-
west.

At 10:00 CH splits off from the group leaving CP among them. She appears to be deficat-
ing normaly and urine color is back to normal. Until 10:38 CH remains separated from the
group. CH frequently stops to rest or lie down. At 10:42 CH is seen for the first time today to
eat. CP is now moving with her. CH briefly feeds on the fruits of Garcinia huillensis OLIv.
and Ficus urceolaris WELW. ex HIERU. CH’s appetite appears to be coming back, although she
frequently rests. Between 11:03-11:31 she forages on P. angolensis (WELW.) WARB. and Ficus
capensis THUNB. (Fig. 2, No. 7). At this time CH and CP approach DE, WD, MG, MA, GW,
and PT. They all lie down and rest for the next 72 min until 12:49 when they all suddenly
stand up and move south.

DAY TWO/AFTERNOON (clear)

At 13:06 the group is relocated (Fig. 2, No. 8). CH, CP, and GW leave the group and
continue south-west. Pausing only occasionally for the next 38 min, they cross the Sumba
valley and climb down into the lower Kansyana valley (Fig. 2, No. 9). At 13:51 they begin to
forage in the Kansyana valley along the river bed on P. purpureum. Aframomum sp., F.
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ureolaris, S. florida, and Crematogaster sp. CH feeds steadily until the observations are ter-
minated at 16:05.

DISCUSSION
CHANGES IN CH’s AcTIvViTY PATTERNS

During these observations it appeared that CH was ill and that she gradually recovered.
On day one, she appeared to be suffering from internal discomfort, lethargy, and a loss of
appetite. This continued into the morning of day two. Later on in the morning, visible signs
of a change were apparent. By that afternoon CH showed noticeable improvements in appe-
tite and stamina.

In order to better evaluate the changes in CH’s behavior at these different stages, her
activity was broken down into five basic patterns; lie in day bed or on ground, forage, travel,
move-intermittent rest, and socialize. The results are given in Table 2. These results support
the above conclusions.

On day one it was possible to directly compare her activity patterns with that of others in
the same group. From 13:56 until 17:36 when WD began to build a bed for the night the two
remained in close proximity. CH spent 51 % of her time laying down and 28 % foraging. The
trend in WD’s behavior was reversed. She spent 549, of her time foraging and 359, resting
in a day bed or on the ground.

For further comparison, activity patterns from focal observations of three adult females
during similar time periods of the day in the same season, were calculated and given in Table
3. The variation that exists among individuals can partly be attributed to factors such as
weather and group size; which indirectly affected day ranging patterns, feeding schedules,
and opportunities for social contact (HUFFMAN, unpubl. data). These results further establish
CH’s untypical behavior and change in health, suggesting marked recovery of appetite and
strength sometime in the second day. The difference in the amount of time spent lying down
and foraging between CH and these females is apparent.

INTERACTIONS BETWEEN CH AND OTHER CHIMPANZEES
IN RELATION TO HER SICKNESS

Observations of interactions between CH and CP and a few other chimpanzees during this
period, suggest that they were aware of her irregular health.

Table 2. Change in CH activity pattern during illness, with a comparison to that of WD for day one.*

Observation Lie in day bed Move, inter- Time
period or on ground Foragel’ Travel? mittent rest3®  Socialize (min)
Day One: v
CH (115) 519 (63) 289, ©)0% (41) 18% ) 2% 224

(afternoon) wD T735% ~ (119)54% (18)8%  (0),0% 5)2% 219
Day Two: ' b

(morning) CH  (138)62% (36)16%  (0) 0% @n19y @3)3% 222

(afternoon) CH 0)0% (14D 79% (39 21% ) 0% ) 0% 179
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Table 3. Activity patterns of three adult females, observed during similar time periods as observa-
tions made on CH.

Lie in day
Observation period bed or on Move, inter- Time
and individual ground Forage!? Travel® mittent rest?  Socialize (min)
Morning: '
WD, Nov. 16 (9:51-12:51) 0) 0% (114) 63% 0)0% (20) 119 (46) 25% 180
GW, Oct. 26 (9:53-12:16) (55) 38% @3y AN13y 25 17% ©0) 0% 143
PU, Nov. 17 (9:30-12:38) (14)8% (102) 56%  (0)0% 6)3% (61)33% 183
Afternoon:
WD, Nov. 16 (12:59-17:45) () 1% a1n 419 (24 8% (49) 17% 93)33% 286
GW, Sept. 24 (13:00-17:17) ) 0% (37 22% @4)2% 0) 0% (126) 76%, 167
PU, Nov. 17 (12:44-17:26) (73) 279, (177 64% (A7 6Y% @ 3% ©0) 0% 275

*CH': 625 focal min; WD: 219 ad lib. min. 1) Feeding and moving from one food source to another, but not
stopping to rest for more than 5 min without feeding; 2) moving quickly, taking few rests, and rarely pausing
to sit and rest. Movement between locations of other activities (i.e., sleep, eating, socializing, etc.); 3) moving
slowly, pausing to sit and rest for periods frequently equally as long as time spent walking; not intermixed with
other activities.

Watendele (WD); 466 focal min, Gweklo (GW); 310 focal min, Pulin (PU); 458 focal min. 1) Feeding and mov-
ing from one food source to another, but not stopping to rest for more than 5 min without feeding; 2) moving
quickly, taking few rests, and rarely pausing to sit and rest. Movement between locations of other activities,
(i.e., sleep, eating, socializing, etc.); 3) moving slowly, pausing to sit and rest for periods frequently equally as

long as time spent walking; not intermixed with other activities. '

On day one, WD remained with CH after they split off from the group. WD and her off-
spring left CH and CP alone for 34 min, but returned, as if expecting CH to still be there.
For the rest of that day WD maintained a pace that allowed CP to move with them while
CH followed slowly behind. In this way WD and M A acted as protectors of CP, as CH was
not responding adequately to CP by letting him wander off on his own. WD could have
easily left CH and joined other chimpanzees on several occasions. In one instance (15:30) the
coordination of activities was obvious when WD, after initially climbing out of the tree,
climbed back up into it after CH had refused to follow her down to the ground. WD build
a day bed next to CH and they remained there for 76 min. CH was also partially responsible
for maintaining this proximity by taking advantage of the time WD foraged in the same tree
to build a bed and sleep (15:01).

On day two GW watched over CP, intervening when CP was abused by her older play-
mates, while CH slept. The group members allowed CP to move with them while CH stayed
away to rest. At 13:06 GW moved away with CH when she separated from the group and
watched over CP while CH feed on her own. During this period she made no attempts to
forcefully draw CP away. Instead, she followed behind the two or stayed close ahead, follow-
ing CP whenever he strayed too far from CH.

The consumption of Vernonia amygdalina, a plant of known medicinal properties (GITHENS,
1949 ; WATT & BREYER-BRANDWUK, 1962; BURKILL, 1985), by a wild female chimpanzee was
observed. Documented in detail for the first time, irregular health of the user at the time of
consumption was confirmed.

From our experience in eating many of the food items of the M-group chimpanzees utilized
during the research periods, we concluded that this plant was an exception to their (and our)
normal taste preferences (HUFFMAN, unpubl. data). KALMUS (1970) notes the similarities in
human and chimpanzee taste preferences, especially their aversion to strongly bitter tasting
substances. We expected that the very bitter, astringent xqualities of this plant should dis-
courage chimpanzees from eating it. On the contrary, the adult female consumed in a liberal
amount, the source of this bitterness in a highly concentrated form. The quickness with which
CH began preparation, and consumption, as well as the time spent in the activity (1,006 sec.)
shows that CH approached the plant with the intention of eating it. On the other hand, WD
(known to have eaten this plant on several occasions), showing no apparent irregularities in



60 M. A. HUFFMAN & M. SEIFU

health at the time, paid no attention to this plant while foraging next to CH. The relatively
low frequency with which this plant is consumed, despite an apparent lack of seasonality
(NisHIDA & UEHARA, 1983), and year round availability, suggests that it is not sought after as
a food source. These factors strongly suggest to us therefore that in chimpanzees, the con-
sumption of V. amygdalina is primarily medicinal.

At this point information is limited and any further conclusions can only be speculative.
However, suggestive evidence from a variety of sources and interesting similarities in the
ethnomedicinal use of V. amygdalina and that by CH, have been recognized and raise impor-
tant questions about the acquisition and use of medicinal plants by chimpanzees.

The strong bitter taste of V. amygdalina is an interesting factor in the use of this plant by
chimpanzees. Among people of many cultures there appears to be an association made be-
tween bitterness and medicinal activity (GrTHENS, 1949). Humans put up with the unpleasant
bitter taste of many medicines, or disguise them, in order to benefit from the expected effects.

The Tongwe drink a cold water infusion of V. amygdalina extracted from 1-2 crushed

leaves in 300-400 ml water for the relief of intestinal colic. It can take as long as 24 hr for the

patient to feel better (M. SEIFU, pers. obs.; O. KABAJO, pers. comm.). It is not known whether
CH had consumed V. amygdalina or other possibly medicinal plants on that day before we
began to observe her. However, during our observations CH did not eat anything else dif-
ferent from her associates. The illness may have subsided in its own time, but it should be
noted that approximately 23 hr had elapsed between observed consumption of this plant
and CH’s remarkably obvious return to normal activity.

The continuation of the use of a given medicinal plant should be based on the experience
of whether it produces satisfactory affects or not. It was noted above that the use of this plant
has been recorded for several individuals, most of them more than once (UEHARA, unpubl.
data). However, this does not explain how such plants are originally selected. Random ex-
perimentation does not seem likely, given the-high degree of conservatism found in chim-
panzee feeding habits (NISHIDA et al., 1983). A growing body of literature suggests that
animals modify their diet on criteria other than just nutritional or caloric value, and that these
modifications may partly be in response to specific hungers and long-delay learning (RICHTER,
1943; RozIN & KALAT, 1971; RoziN, 1977; REvusky, 1984). Such a mechanism would be
beneficial to animals living in environments with a high risk exposure to disease (PHILLIPS-
Conroy, 1986).

The correspondence recognized between disease and the initial selection of specific plants
may in fact be partly a result of such physiologically based mechanisms. According to
REWELL’s (1969) description of intestinal infections in chimpanzees, it seems possible that
CH may have been suffering from some such sickness. Avoiding any specific diagnosis how-
ever, the symptoms observed in CH (i.e., lethargy, loss of appetite, irregularities of bowel
habit, and urine color) were comparable to those expected to be exhibited by humans suffer-
ing from some of the illnesses described in Table 1.

Of primary concern to us, are the observable social parameters of this phenomena. Not all
individuals may be as equally sensitive to such cravings, thus the benefits of observational
learning and cultural transmission, which allow many individuals through the experience of
a few, to acquire new information (NISHIDA, 1987) should be of major importance. It has
frequently been observed that chimpanzees show interest and concern for the injuries or
sickness of others (see GoopALL, 1986). UEHARA and NYUNDO (1983) have reported a case
of temporary adoption, in K-group, for at least six days by GW and WL of CH’s previous
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infant KB, when CH was ill with a influenza-like sickness that had spread through the group.
During our observations, the responses of a few individuals to CH’s ‘untypical’ behavior
suggested that they were aware of her condition and coordinated their activities with CH and
CP.

Given this interest and awareness, the use of medicinal plants may be acqunred by others,
through observation and association of its use in the context of sickness. Thus far, we have
two good examples of observation and imitation of the use of this plant. One case described
here of CP observing CH, and another recorded by NisHIDA (unpubl. data) in January 1986,
of a 4-year-old female 4B observing her 18-year-old brother KZ. AB too only tasted it for
a few seconds. If this plant is used primarily in conjunction with sickness, this association
should become all the more obvious to those individuals showing interest and concern.
TAKAHATA et al. (1986) have demonstrated in chimpanzees how rapidly new feeding habits
are acquired when the suitability of an item is noticed. Unlike other primates (e.g., ITANI,
1958 : CAMBEFORT, 1981) adult chimpanzees are capable of initiating such new habits into the
group (TAKAHATA et al., 1986). ,

In this respect, transmission of the medicinal use of plants in chimpanzees may differ
from that of other non-human primates. Thus far, reports of the medicinal use of plants in
other primates appears to be characterized by widespread use throughout the group as a part
of their regular diet (HAMILTON et al., 1978; PHiLLiPs-CONROY, 1986). However, further
observations are necessary to confirm this.

CH has been observed to eat all three species of plants thus far suggested to be of medicinal
value at Mahale (TAKASAKI & HUNT, 1987; UEHARA & NYUNDO, pers. comm.). This suggests
that chimpanzees may be using a diverse variety of plants for medicinal purposes.

The above discussion raises many important questions about the acquisition of plant use
by chimpanzees for possible medicinal use, and its possible distinction from that of other
primates. Further detailed observations of indjviduals using these plants must be made
before these hypothesis can be tested. It will be of importance to evaluate the physical state
of the users. This is not an easy task, because the symptoms of illness may not be apparent by
just a few minutes or even hours of observation. Given that chimpanzees appear to be using

- a variety of plants for this purpose, the illnesses themselves may vary in degree of severeness

from a minor headache to severe cramps. The identification and laboratory analysis of con-
stituents from suspected plant species utilized by chimpanzees, followed up by careful obser-
vation may prove to be an effective means of collecting information in the future.
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BIOLOGICAL ACTIVITIES OF PLANT EXTRACTS FROM
TROPICAL AFRICA
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ABSTRACT An investigation of plants in tropical Africa was conducted to search for new
naturally bioactive substances. A total of 62 plant species were obtained from Cameroon,
Zaire, and Tanzania. The extracts were tested for insecticidal, herbicidal, and fungicidal ac-
tivities. Insecticidal activity was found in 23 extracts. Of the 51 extracts from Cameroon
and Tanzania, herbicidal activity was detected in seven, and fungicidal activity in seven.
Polyascias fulva, Crassocephalum manii, Vernonia amygdalina, Vernonia vogetti, Poga
oleosa, Gnidia glauca, Trema guinensis and Combretum bracteatum were evaluated to be
highly promising candidates for further investigation of their active constituents on the basis
of their potency and/or broad spectrum of biological activities.

Key Words: Tropical African plants; Insecticidal activity; Herbicidal activity; Fungicidal ac-
tivity; Medicinal plants.

INTRODUCTION

The tropical forest is one of the most interesting places in the world from the
standpoint of bioactive natural product research. It is rich in plant species which
are adaptive in a coevolutionary environment with regard not only to climatic fac-
tors but also to complex biological interactions. Tropical plants are surrounded by
various competitors and consumers, and may be endowed with peculiar strategies
for growth and reproduction, perhaps much more so than plants in other en-
vironments. A chemical defense system may be one possible strategy. It is well
known that secondary plant metabolites (e.g. alkaloids, terpenoids, flavonoids,
etc.) play significant roles in the biosphere as defensive substances that deter mam-
mals and insects (Harborne, 1977). Phytoncides or allelopathic substances act as
deterrents against microorganisms or other plant species (Harborne, 1977). The
plants with medicinal properties are frequently used by local inhabitants (Lewis &
Elvin-Lewis, 1977; Watt & Breyer-Brandwijk, 1962). Thus, the plants in tropical

i) Department of Food Science and Technology, Faculty of Agriculture, Kyoto University; ii)
Agricultural Science Research Laboratory, Sumitomo Chemical Co. Ltd.; iii) University Forest in
Chichibu, Faculty of Agriculture, The University of Tokyo; iv) College of Liberal Art, Himeji Dokkyo
University; v) Laboratory of Human Evolution Studies, Faculty of Science, Kyoto University; vi)
Center for African Area Studies, Kyoto University; vii) Institute of Medical Research and Studies of
Medicinal Plants; viii) Laboratoire de Recherche sur les Plants Medicinales, Section Laboratoire
ISTM-Kinshasa.
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forests are valuable sources of naturally occurring bioactive substances. Although
bioactive constituents of tropical plants have been extensively investigated (Hostett-
man & Marston, 1990; Watt & Breyer-Brandwijk, 1962), research has by no
means been exhausted. Recent advances in biochemical and physiochemical
methodology make it possible to investigate biologically and physiologically active
plant constituents for new modes of activity.

Since 1983, we have conducted investigations to search for useful plants in the
tropical rain forest of Cameroon (Ohigashi et al., 1987). Several new plant consti-
tuents with biological and physiological significance have been isolated from those
plants (Koshimizu et al., 1992; Murakami et al., 1991a, 1991b; Ohigashi et al.,
1989, 1991). ,

As a part of this long-term research, a third, more extensive field survey in
Cameroon was carried out in 1988. This survey was conducted at two sites near
Nkoélon and Nkanbé. Nkoélon, located in the rain forest of southwestern
Cameroon, is close to Mvini village, a site at which previous surveys in 1983 and
1985 were conducted. Kaji indicated that the vegetation of this area is quite similar
to that of the Mvini area (Kaji, 1990). At the Nkoélon area, random collection of
plants (27 species) was undertaken, because the survey of useful plants in this area
had already been completed (Ohigashi et al., 1987). On the other hand, the vegeta-
tion of the Nkambé area, located at the northwestern margin of the rain forest, is
quite different from that at Nkoélon and can be characterized as either Afro-
montane or Afro-submontane (Letouzey, 1980). Medicinal plants in this area have
been extensively surveyed by Jato (Jato, 1988). Furthermore, a preliminary survey
in 1985 suggested that medicinal plants in the Nkambé area exhibited several
biological activities at high rates (Ohigashi et al., 1987). Hence, further collection
of medicinal plants (20 species) in this area was made.

Additional plant species were supplied from other African countries. One group
of medicinal plants (11 species) were collected around Kinshasa, Zaire at the
southern margin of the Central African rain forest by Muanza, and another group
of plants (five species) containing four possible medicinal plants used by wild chim-
panzees (Huffman & Sefu, 1989; Nishida, 1990; Takasaki & Hunt, 1987;
Wrangham & Nishida, 1983) were collected from an area of savanna woodland in
the Mahale Mountains National Park, Tanzania, by Nishida, Huffman and
Takasaki.

This report describes insecticidal, herbicidal and fungicidal activities of these
plant extracts, which were tested by our standard bioassay systems (Ohigashi et al.,
1987).

MATERIALS AND METHODS
I. Preparation of Plant Extracts
All dried plant materials (usually 100 g dry weight) were immersed in methanol

for 10-20 days at room temperature and then the extract solution was concentrated
in vacuo. These methanol extracts were then submitted to the following bioassays,
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and the activities in each assay were ranked by the standards as shown below.
I1. Insecticidal Tests

Insecticidal activity was tested not only for the tobacco cutworm and the nor-
thern house mosquito, as conducted previously (Ohigashi et al., 1987), but also for
the housefly and the pyrethroid-resistant diamondback moth.

1. Larval-Growth Inhibitory Activity against the Tobacco Cutworm (Spodoptera
litura)

An emulsified aqueous solution (2 ml) of a test compound was mixed with a dose
of artificial diet (13 g) and placed in a plastic cup (100 mm i.d., 35 mm depth) with
ten of the 4th instar larvae. The test was usually conducted at a concentration of
4,000 ppm. In some cases, a concentration of 2,000 ppm was used because of
limited sample availability. The mortality rate of the larvae and the feeding in-
hibitory rate to a control experiment were measured after six days. Inhibitory ac-
tivity against larval growth measured by the mortality rate was evaluated using the
following four ranks: +3, 100% mortality; +2, 90%-99% mortality; +1,
50-89% mortality; and — (inactive), less than 49% mortality. Feeding inhibition
measured by the feeding speed was evaluated in four ranks: +3, more than 90% in-
hibition; +2, 50-89% inhibition; +1, 10-49% inhibition; and — (inactive), less
than 9% inhibition.

2. Larval-Growth Inhibitory Activity against the Northern House Mosquito (Culex
Dpipiense pallense)

Twenty 4th instar larvae were released in an emulsified aqueous solution (100 ml)
of a test compound. The test was usually conducted at a concentration of
20 ppm. Some extracts, limited by availability, were tested at a reduced concentra-
tion (10 ppm) as in the case of the tobacco cutworm assay. After 24 hrs, the in-
hibitory activity of larval growth measured by the mortality rate was evaluated by
the following four ranks: +3, 100% mortality; +2, 90-99% mortality; +1,
10-899% mortality; and — (inactive), less than 995 mortality. Thereafter, the sur-
viving larvae were further reared until adult emergence. Inhibition of adult
emergence compared to a control experiment was evaluated in four ranks: +3,
more than 90% inhibition; +2, 80-899% inhibition; +1, 10~799% inhibition; and
— (inactive), less than 9% inhibition.

3. Larval-Growth Inhibitory Activity against the Diamondback Moth (Plutella
xylostella)

Leaf disks (2 cm in diameter) were punched out from a cabbage leaf. Both sur-
faces of the disks were treated with 20 ¢l of a 5,000 ppm solution of the methanol
extract. Three treated disks and three untreated disks were alternately placed per

petri-dish (10 cm in diameter) in which ten 3rd instar larvae were released. In-

hibitory activity against larval growth measured by the mortality rate after two
days was evaluated in four ranks: +3, 100% mortality; +2, 90-99% mortality;
+1, 60-89% mortality; and — (inactive), less than 59% mortality. Feeding
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inhibition was measured after five days by the percentage of leaf area consumed
and evaluated in four ranks: +3, no feeding; +2, less than 10% consumed; +1,
11-80% consumed; and — (inactive), more than 81% consumed.

4. Killing Activity against the Adult Housefly (Musca domestica)

Thirty milligrams of the plant extracts in 1 ml of acetone was applied to bait con-
sisting of 2 g of powder milk and 1 g of sugar placed on an aluminum tray. After
air-drying, the bait and a cup of water (5 ml) were placed in a cage into which 50
housefly pupae were put. After two days, the adults emerged, and their mortality
rate was determined after another seven days. Killing activity against the adult
housefly was evaluated in four ranks: + 3, more than 90% mortality; +2, 50-89%
mortality; +1, 30-49% mortality; and — (inactive), less than 29% mortality,

II1. Herbicidal Tests

Herbicidal activity was tested basically by the same methods previously reported
(Ohigashi et al., 1987). A sanitary cotton sheet (50 mm X 50mm) containing
0.1 ml of an emulsified solution (Tween 80-acetone, 1:10) of a test compound and
10 ml of water was placed into a glass tube (70 mm i. d., 100 mm depth). Normally
the test was started at a concentration of 1,000 ppm. Seeds of test plants [three
seeds of cucumber (Cucumis sativus), seven seeds of barnyard grass (Echinochloa
utilis), 30 seeds of mustard (Brassica junea) or carrot (Daucus carota var. sativa)]
were placed on the cotton. They were incubated at 27-28°C under a white fluores-
cent light (about 3,000 lux) for ten days. The rates of germination and the growth
of the aerial part and/or the root were compared to control experiments. When
growth inhibition was detected at 1,000 ppm, tests at further diluted concentra-
tions were conducted. Activity was evaluated in four ranks: +3, more than 50%
inhibition at 250 ppm; +2, more than 50% inhibition at 500 ppm; + 1, more than
50% inhibition at 1,000 ppm; and — (inactive), less than 49% inhibition at
1,000 ppm.

IV. Fungicidal Tests

Fungicidal tests were conducted against ten species of phytopathogenic fungi by
spraying emulsified extract solutions (500 ppm) on the host plants. The method
used (Ohigashi et al., 1987) was basically the same in all of the tests, except for the
host plant species and incubation conditions. Preventive effects on diseases by the
fungi, Pyricularia oryzae, Rhizoctonia solani, Cercospora arachidicola, Botrytis
cineria, Phytophtora infestans and Venturia inaequalis, were investigated. A
typical run for P. oryzae: The emulsified aqueous solution of the extract (500 ppm)
was sprayed onto the foliage of a host plant, Oryza sativa. After air-drying, spores
of P. oryzae dispersed in water were sprayed onto the plant treated with the ex-
tract. The plant thus treated was incubated in a dark humidified room (99%
humidity) for four days at 23°C. The preventive effect of the extract on the fungus
disease was observed. Host plants and incubation conditions for the other fungi
species were as follows: C. arachidicola on Arachis hypogoea for four days at 23°C
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in a dark humidified room; B. cineria on Cucumis sativus for four days at 23°C in
a dark humidified room; P. infestans on Lycopersicum esculentum for seven days
at 23°C in a dark humidified room; V. inaequalis on Malus domestica for 18-20
days at 15°C in a greenhouse. In the case of R. solani, the spores precultured in a
rice hull medium were inoculated on the base of the host plant, Oryza sativa, which
was pretreated with an emulsified test solution of 500 ppm. The plant thus treated
was incubated for seven days at 25-27°C in a humidified greenhouse (99% humidi-
ty).

The fungi, Erysiphe graminis, Puccinia recondita, Pseudoperonospora cubensis
and Plasmopara viticola were used to identify the curative effects of extracts. The
following is a typical test run: The spores of E. graminis were sprayed onto the
foliage of the host plant, Hordeum vulgare. After preincubation in a humidified
greenhouse (99% humidity) at 23-25°C for 18 hrs (preincubation), the emulsified
aqueous solution of the extract (500 ppm) was sprayed onto a fungus infected
plant. The plant thus treated was incubated at 23°C under continuous light
(10,000 Lux) for ten days. The curative effect of the extract on the fungus disease
was investigated. The host plants and incubation conditions for the other fungus
were as follows: P. recondita on Triticum aestivum, preincubated for 18 hrs at
23-25°C in a humidified (99%) greenhouse and incubated for 12 days at 23°C
under continuous light (10,000 lux); likewise, P. cubensis on Cucumis sativus, for
18 hrs at 23-25°C in a humidified (99%) greenhouse and additional three days at
23°C in the dark, followed by a further ten days at 28°C in a greenhouse; P.
viticola on V. vinifera, for 18 hrs at 23-25°C in a humidified (99%) greenhouse and
additional three days at 23°C in the dark, followed by further ten days at 28°Cin a
greenhouse.

The fungicidal activity was evaluated in six ranks: +5, 100% inhibition of the
fungus disease; +4, 90-99% inhibition of the disease; + 3, 70-90% inhibition of
the disease; +2, 50-69% inhibition of the disease; + 1, 20-49% inhibition of the
disease; and — (inactive), less than 20% inhibition of the disease.

RESULTS AND DISCUSSION

All the plants from Zaire and Tanzania were identified. On the other hand,
species identification of plants from Cameroon has been completed for 25 plants,
and the genus was identified for eight plants. Further efforts to identify the plants
are currently under way.

Table 1 shows the results of the standard bioassays for insecticidal, herbicidal
and fungicidal activities of 48 plants, whose genera are identified. Unidentified
plants were not listed except APA, BOKKABOKUL and UNBAKFOLL (ver-
nacular name used at Nkoélon), which showed significant biological activities.

Insecticidal activities against four species of test insects were examined for all of
the plant extracts (62 species). Against the tobacco cutworm, one of the standard
test insects for insecticidal activity, 11 extracts were found to slightly inhibit larval
growth, and 13 extracts inhibited larval feeding. Such effect on Vernonia vogelli
was the most striking. Seven extracts exhibited inhibitory activity against larval
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Plant Biological Activity
Insect®
g::encllle); (Part)» Place? MSLD MCPE I;:‘D Pl;( Herb®  Fungh  Remarks®
Anacardiaceae
Mangifera indica (B) Zai - - - - - - NT NT Med
Annonaceae
Annona senegalensis (B) Zai - - - - - - NT NT Med
Apocynaceae
Rauwolfia vomitoria (B) NWCam - - - - - - - - Med
Araliaceae
Polyascias fulva (B) NW-Cam -* +1*-* 42*+3 - - +3PC  Med
Combretaceae
Combretum racemosum (B) Zai +1 42 - - - - NT NT Med
Combretum bracteatum (L) SW-Cam - - - - - - +3BJ, -
+3EU
+3CS
Terminalia sp. (L) SW-Cam —=* —* —-* % - - - -
Compositae
Aegeratum sp. (B) NW.Cam ~ - - - - - - - Med
Aspilia mossambicensis (L) Tan - - 41 +2 - - +1B] - Med-PM
Crassocephalum manii (B) NwCam - - - - - - - +5PC Med
Vernonia amygdalina (L) Tan + +2 41 - - - - +4PC, Med,
+2RS  Med-PM
Vernonia guineensis (L) NWCam - - - - - - - - Med
Vernonia vogelli (L) SW-Cam  +1*+3*-* —-* — — - -
Ebenaceae
Diospyros sp. (L) SW-Cam —* +2*-* —* - -~ - -
Euphorbiaceae
Alchornia cordifolia (L) Zai - 4+l - - = = NT NT Med
Bridelia ferruginea (B) Zai - - = = = = NT NT Med
Euphorbia hirta (B) Zai - - - - - - NT NT Med
Hymenocardia acida (B) Zai - = = 41 - - NT NT Med
Manniophyton fulvum (B) Zai - - - - - - NT NT Med
Flacourtiaceae
Casearia sp. (L) SW-Cam  +1* +2* =* ~* - - - -
Irvingiaceae
Desbordesia sp. (L) SW-Cam ~* =-* —-* -* - -~ - -
Labiatae
Ocimum gratissimum (L) SW-Cam -* —* —* —* — - - -
Ocimum sp. (L) SW-Cam -—* -* -* —* — — - -
Leguminosae
Afzelia bipindensis (L) SW-Cam —* —* —-* —* — — +1BJ, -
+1EU
+1CS,
+1DC
Crotalaria coolata (B) NwCam - - - - - - +1B] -
Cynometra sp. (L) SW-Cam -* +1*-* -* - - - -
Daniella olivery (L) NW-Cam -* -* -* -* - -~ - - Med
Dialium pachyphyllum (L) SW-Cam =* =* =* =* - - - +3RS
Distemonanthus benthamianus (L) SW-Cam -* —=* =* ~* - - - -
Liliaceae
Allium sativum (L) NW-Cam - - - - = - - - Med
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(Table 1. cont.)

Malvaceae

Sida rhombifolia (L) Zai +] - = - - - NT NT Med
Moraceae

Ficus exasperata (L) Tan - - 41 - - - - - Med-PM
Myrtaceae

Psidium guajava (L) Zai - - - - - - NT NT Med
Olacaceae

Olax subscorpioidea (B) NWCam - - - - - - - - Med

Strombosiopsis tetrandra (L) SW-Cam —-* —-* —* —*% — _ - -
Rhizophoraceae

Poga oleosa (L) SW-Cam +1*+1*+1* +2* - - - -
Rosaceae

Pygeum africanum (B) NW-Cam - - -~ - - - +2DC  +3PC  Med
Rubiaceae

Mussaendra arcuata (L) Tan - - 41 - - - - - Med

Nauclea latifolia (L) NW-Cam +1*+1*+1*-* - - - - Med

Nauclea sp. (L) NW-Cam +1*-* —* —* — — - - Med

Rothmannia withfieldii (B) NW-Cam - - -~ - - - - - Med

Tricalysia grossweileri (B) NW-Cam - - - - - - - - Med
Sapotaceae

Zanha africana (B) NwWCam - - - - - - - - Med
Thymeraceae

Gnidia glauca (L) NW-Cam +1*+2*+1*-* - +1 - +3VI
Verbenaceae

Lippia plicata (L) Tan - - - - - = - - Med-PM

Vitex madiensis (RB) Zai - +1 - - - - NT NT Med
Ulmaceae

Trema guinensis (B) NW-Cam +1* +2*+1*-* - - - - Med

Trema orientalis (B) NwWlam - - +2 - - - - - Med
APA (L) SW-Cam —* =% —* —* 41 +2 +2Cu  +2RS

+2BJ
BOKKABOKUL (L) SW.Cam —-* —-* —-* +1*- +1 - -
UNBAFOLL (L) SW-Cam  +1*—-* —* —* — -~ +2B] -
+2EU

a) Each activity is expressed by the signature indicated in the Materials and Methods. NT: not tested.

b) Part extracted. B; bark; L: leaf; RB: root-bark.

¢) Place collected. Zai: Zaire; NW-Cam: northwest Cameroon (Nkambé); SW-Cam: southwest
Cameroon (Nkoélon); Tan: Tanzania.

d) Insect: insecticidal activity., SL: Spodoptera litura; CP: Culex pipiense pallense; MD: Musca
domestica, PX: Plutella xylostella, M: mortality; D: feeding-deterrent activity; E: emergence in-
hibitory activity; *: test at 2000 ppm for SL and 10 ppm for CP.

€) Herb: herbicidal activity. BJ: Brassica junea; CS: Cucumis sativus; EU: Echinochloa utilis; DC:
Daucus carota.

f) Fung: fungicidal activity. PC: Pseudoperonospora cubensis; RS: Rhizoctonia solani; V1: Venturia
inaequalis, PV: Plasmopara viticola.

g) Med: local medicinal plant; Med-PM: possible medicinal plant used by wild chimpanzees.
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growth of the mosquito, and six against adult emergence. Two extracts possessed
killing activity of the adult housefly. The activity of Polyascias fulva, a medicinal
plant found at the margin of the rain forest of Cameroon, was quite high. Deter-
rent activity against larval feeding of the diamondback moth, a pest to several
cultivated vegetables, was found in three extracts. Thus, 23 out of the 62 extracts
showed some kind of insecticidal activity and the activity-exhibiting rate (AER;
37%) was much higher than that (11%) in previous testing (Ohigashi et al., 1987).
This may largely be due to the fact that the number of plants collected at the
margin of the rain forests and savanna woodland was larger than that in the
previous survey (Ohigashi et al., 1987). Then, it may be suggested that insect
populations, particularly pest, are densest in such areas where human activities are
high, hence the plants in these areas are endowed with defense systems against such
insect attacks. Actually, 15 of the 23 extracts found to be active in the insecticidal
tests were those from the plants collected at the margin of the forest or in the savan-
na woodland. Moreover, it may be proposed that some insecticidally active
substances also possess significant value of physiological activity to humans.
Among above 15 species, 11 species were locally used as medicinal plants (Jato,
1988) (Table 1).

Herbicidal activities, tested in cucumber, barnyard grass and carrot seedlings
were found in seven out of 51 plant extracts. The AER was 13.7%. This rate was
quite low compared with that (38%) of the previous study (Ohigashi et al., 1987).
In this case, the fact that a fewer number of plants were collected from the rain
forest may be again pointed out. These results may reflect that competition bet-
ween plants is much more severe in the forest than the margin or outside of the
forest, and plant growth inhibitory factors in the forest are much abundant.
Among the herbicidally active plants, Combretum bracteatum, collected at
Nkoélon, was most remarkable because of both the potency and the chemical
characteristic of water solubility of the active constituent(s).

Fungicidal tests using 51 extracts against ten phytopathogens showed significant
activity in seven extracts. Similarly to herbicidal activities, the AER (17.6%) in
fungicidal tests was lower than that (31%) of the previous study (Ohigashi et al.,
1987), suggesting severe competition between plant and microorganism in the rain
forest. Of the 7 active extracts, those of Crassocephalum manii and V. amygdalina
were indicated to contain invaluable active substances.

As aresult of the biological activity tests, a total of 31 out of 62 species exhibited
some kind of biological activity in the assays performed. The active constituents
of P. fulva, C. manii, V. amygdalina, V. vogetti, P. oleosa, Gnidia glauca, Trema
guinensis and Combretum bracteatum were evaluated to be important candidates
for further study on the basis of the potency of each activity and/or the broad spec-
trum of activities displayed. It is hoped that these results will provide significant in-
formation for many areas of research in tropical Africa.
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Vernonia amygdaliana (Compositae) is a
shrub widely distributed over savanna wood-
land in tropical Africa. Recently, the possible
medicinal use of the tree by a wild chimpanzee
has been reported by Huffman and Seifu.V
They observed that an apparently sick adult
female chewed the shoot of the shrub to extract
the bitter juice, this shrub not being a regular
food for chimpanzees of the study area :in
Tanzania. After this feeding habit, she seemed
to return to normal activity, and hence, they
concluded the consumption of the shoot to
possibly be of medicinal value. The shrub is a
well-known medicinal plant in tropical Afri-
ca,? and is also used as a tonic food in west
Africa. This information further suggested that

' To whom all correspondence should be addressed.

V. amygdalina contains a wide variety of
physiologically or biologically active com-
pounds. In fact, its anti-tumor agents® and
insect anti-feedants® have already been re-
ported. These compounds, however, may be
only part of the constituents of physiological
or biological significance. Therefore, a study
of the bitter principles, which may carry
significant physiological activity,” was con-
ducted.

The water-soluble part of a methanol extract
from the dry leaves (800g) was successively
separated on Amberlite XAD-2 (methanol-
water), silicagel 60H (chloroform-methanol)
and YMC-gel (ODS; methanol-water) to give
a highly bitter fraction. This was then purified
by preparative HPLC on pBondasphere C,g
(acetonitrile-water) to yield a bitter principle,
named vernonioside A; (1, 21.2mg) and a
related non-bitter compound, vernonioside B,
(2, 217 mg).

Vernonioside B; (2), [«]3>° +31.9° (c=
0.94, MeOH), C,H,,0,, (FABMS m/z: 633,
MH™"), showed UV absorption maxima in
methanol due to a conjugated diene at 235 (e,
13000), 243 (e, 15000) and 250 nm (g, 10000),
and an IR absorption band (KBr) at 1775cm ™!
for y-lactone. The presence of glucose was
clarified by hydrolyzing with TFA and
subsequent GLC analysis of the TMS-
hydrolysates on OV-1. The 3C-NMR (62.5
MHz, ds-pyridine) signals at 102.29 (O—CH-
0), 78.65, 77.07 (or 78.50), 75.34, 71.74 (CH-O,
each) and 62.88 (CH,—O) ppm due to glucose
along with 'H-NMR (250 MHz, ds-pyridine)
signal at 5.02ppm (d, J=7.6Hz) for the
anomeric proton confirmed the glucose to be
linked to an aglycone as a f-pyranoside.

"The presence of two tertiary methyls
(*H-NMR: 0.75 and 0.87ppm) and three
secondary inethyls (‘H-NMR: 1.25, 1.29 and
1.32ppm) together with a lactone carboxyl
group was suggestive of the aglycone being a
C,, stigmastane-type steroid. The 'H-'H and
13C-'H COSY NMR spectra indicated that
two of the secondary methyls at 1.25 and
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1.23(13.21) - 2.98(55.28) 1.32(13.19) 3.63(56.17)
(64.17)— o 1.07(18.70) (63 51)\---?/{ 1.29(18.65)
. 24 ’ _—-__—‘_\\*\ 4,
(178'43)“\~\¢\ 0. 225 a7 ca. 1.9(29.76) (176.36) 0. V\<:5’g§. 1.9(30.33)
. 1.28(18.88 R ‘
3.37(38.69) oﬁé v o128 ) 3.04(51.%044 . ~-1.25(18.49)
3.12 & 2.18(41.77) ‘ 4.89(77.28) sa 2.4 )&KS\ 2 NoH .
- 42.16
2.22 & 2.73(31.05 ) 4.98(80.11)
5.56(119.45)=~ ¢ ) 5.55(119.75)-,
ca. 4.0(78.52 1.85(57.07) ca. 4.0(78.50 _4.77(73.04)
‘or 77.05) o5, 4.6(72.12) or 77.07) ca. 2.4(45.81)

T ca. 1.9 & 2.53(37.03)
H \2.25(50.22)
1.85(30.14 or 30.26) 5.44(120.63)

Vernonioside A, (1)

4 5.38(120.69)
H T~y .85(30.15 or 30.27)

Vernonioside By (2)

Fig. 1. Structures of Vernoniosides A, and B,, and Their Significant NMR Data.

The values express chemical shifts (5 ppm) for *H with those for '3C in parentheses. e—e with a bold line
or bold dotted line shows the sequences confirmed by 'H-'H and !3C-'H COSY spectra. A clear distinction
between the protons at C,, and Cy,, was proved by long-range coupling between the protons at C;, and

C(14)in 2b.

The '3C,,, signal in each compound was not clearly assigned even by the 'H-'*C COSY spectrum because
of overlapping of the 'H signal at C;, with those of the glucose. Hence, the signals at 78.52 ppm in 1 and
78.50 ppm in 2 may be interchangeable with those at 77.05 and 77.07 ppm, respectively.

1.29 ppm were due to an isopropyl (Cs—
C26yC27), and the remaining methyl at
1.32 ppm, which was coupled to a proton at
3.63ppm, was placed on C g, at 56.17 ppm
forming an epoxide with C,4, at 63.81 ppm.
Hence, the lactone carboxyl group should be
formed at C,y,. Further NMR studies clearly
confirmed the partial sequences shown in Fig.
1. A 7,9(11) diene was strongly suggested by
the triple absorption maxima in the UV
spectrum, which are known as a fingerprint for
the diene in some triterpenoids and steroids.®
Enzymatic hydrolysis of vernonioside B,
with B-glucosidase gave the real aglycone (2b),
C,oH,,05 (HR-EIMS m/z: 470.3028, M*;
caled., 470.3033), whose 3 C-NMR (d;s-pyr-

~idine) spectrum showed an upfield shift of a

carbon signal at 78.50 (or 77.07 ppm) in 2 to
70.28 ppm. Biosynthetic considerations, as well
as the multiplicity of the proton signal at ca.
3.8 ppm, attached to the carbon at 70.28 ppm,
suggested the glucoside linkage to be completed
with the hydroxyl at C 3, of the aglycone.
To confirm the structure of 2, an X-ray
diffraction analysis of 2b, mp 205-210°C from
ethyl acetate, was attempted. The crystalline
data are as follows: space group, P2,; z=2,
a=17.082 (1), 5=12.236 (1), ¢=6.230 (1) A;
B=92.81 (1)°, Dx=1.20gcm 3. All unique

Fig. 2. Computer-generated Perspective Drawing of 2b
by X-ray Analysis. :

intensity data were collected by a Rigaku
AFC-5UD Jour-circle diffractmeter with gra-
phite-monochromated Cu-Ko radiation. Anal-
ysis of 2179 independent reflections by both
MULTAN 78 and the Rigaku program system
gave the computer-generated perspective draw-
ing shown in Fig.-2 with an R factor of 0.050,
confirming the structure of vernonioside B, to
be 2.

The molecular formula of vernonioside A,
@), [a]3*° +35.2° (¢=0.23, MeOH), was
determined as C;5sH;,0,, by its FABMS data
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(m/z: 633, MH*) and HR-EIMS data of the
real aglycone (1b; m/z: 470.3014, M*; calcd.
for C,oH,,05, 470.3033) derived by enzymatic
hydrolysis. The NMR data of 1 indicated that
a p-glucopyranosyl group, a diene (UV 4,,,
(MeOH) nm (¢): 236 (12000), 243 (14000), 251
(9000), a y-lactone (IR v, (KBr) cm™!: 1760)
and a trisubstituted epoxide were present in the
same positions as those in 2. Further NMR
studies estimated the partial sequences shown
in Fig. 1, confirming the hydroxyl at C ).
Thus, the structure of vernonioside A, was
determined to be 1. The stereochemistry of 1,
except for Cy,, is presumed to be biosyntheti-
cally identical to 2.

The minimum amount of vernonioside A,
for a bitter taste was determined as 7 ug in a
tentative sensory test with a paper disc (1 cm?,
0.2 mm thickness),> and the activity was almost
equal to that of quinine sulfate. Vernonioside
B,, on the other hand, did not show any bitter
taste even at 200 ug. Hence, hydroxylation at
C16) may be significant for the bitter taste.

The structures of 1 and 2 are quite new,
especially in the oxidation manner of the side
chains of the aglycones. Further occurrence of

the related bitter principles has been suggested,
and the present data should provide significant
information for their structural determination.
Furthermore, it will be of interest to examine
the physiological activity of each of these new
steroid glucosides, and of the aglycones as well.
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Possible Medicinal Plants Used by Wild Chimpanzees, and
Their Physiologically Active Compounds '
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As a new approach to discovering physiologically active natural compounds, pos-
sible medicinal plants used by wild chimpanzees have been studied. Physiological
and biological activity tests of three such plants, Vernonia amygdalina, Aspilia
mossambicensis, and Ficus exasperata, indicated that they contain a variety of ac-
tive compounds. Particularly, the activities of V. amygdalina were remarkable, and
hence further chemical studies were conducted. In the search for compounds of
biological and physiological significance, in particular the bitter principles were
investigated. Four known sesquiterpene lactones, vernodalin (1), vernolide (2),
hydroxyvernolide (3) and vernodalol (4) were identified, and their anti-tumor and
anti-bacterial activities were found. Furthermore, three bitter steroid glucosides and
a related non-bitter glucoside, vernonioside A1 (5), Az (6), Az (7) and B; (8) were
isolated as new compounds. The significance of the use of V. amygdalina by chim-
panzees for the control of parasite related disease and avenues for future research

- on this topic are discussed.
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=R

V. amygdalina O FFiEMRRD DT

Huffman itk D5 S nBT LD E=—
U ZNTHRFEF IS V. amygdalina D E %
atratelE LTRHV ., FilifiE2g%, ThZTh
20mlOT7EbrY, RUOA% /- THIEIC 3 HE
ZRTERAEMMEYT %, T viHiRicOWTE,
LA M I THRAETERBL, BEMo2, /58
% INEBOTEbMVEKELTHRO X ®Y —
)V 140C 13— OPN (Nakarai Tesque &) k& X
5, ZORET NWAETHIRD C g Sep-pak (Waters
Co. &) 7 4 0% — FicoH, ka0, 90, 100
%72 =1t )ik (%10ml) TIEKRIEHS 5,
KOBERFFARY 57 b VEIROH T+ b =
b VEHERICEIRE NS, ZOBEHKEERET
Biatk, TP ) LICTRE2ml ITHBL
AVITIv T4y —THEDAL, oiklu %
BREEZEOIFETIL LEMH T HPLC #5 AT
AT B, —F, *5 7 —ViiHiEIcOWTIE,
BREREREDBIET C g Sep-pak MEA T, 7-
1L, IHIEEE LT, Kthx s/ —VEEDO,
90, 100 OB AR V5, HHETBERTF 04
NFEOEAKIIZ0% * ¥ 7 — ViEHKiCEIR X 7,
ZDRXHD 1 u AFEREic HPLC Hfricitd 3,

3. WRRRUEE

V. amygdalina DD in vitro T TOHHE
TEit

BU®icbR~< L SHic, Huffman % (1989)
(& V. amygdalina H¥ SDITRKEHIETE B F
YRV YK DRBESN, PHTEORKIHE

HIABE L EERE LT B, —F, AlEy
BEGEE T 7 ) AT FIAES T 3 BEZERfE
YIcad v (Burkill, 1985; Dalziel, 1937; Kokwaro,
1976; Watt and Breyer- Brandwijik, 1962), %
OEBIRIRE LT, BB, THky, Hiws Y
TRARIEEBHOSNT VWS, F/, BT 7
YA e HRAN— VTR, BEOEHAET L0
ESEHENERREE (#Elrvy -V —-7¢&, &
Tz DRIRIE Y FLERRENS) & LTHIRD
DIEFATREN, EFEE, BfEECERL
IR BHEEEINT VB, FUNvy— &5
i3 e Mok AERFIH S, ARFIRAS
FHAWY ORI I ERA DG E L 70 F
Bbb, EHRNEREEE LTEZLTELZ0
BTRICE, TORETTHEOAADOBEAEHES
5 L CEELSABRATET ZRDOMED -
TEBY, TOMEBEAINTEX-HD L bHEE
T& 5%, LDKHIK, V.amygdalina iT3EEL
EFERSIIRTE 200 L LT, £7, Z0OHM
Hy DA 1By, FBEH: A in vitro HERB:TKR
L THI,

Bt SKBHICE B LESYE L TE 51
BRI BEHEE LT, *% /7 —VviiEHic
#EU, V.amygdalina IREAMHE LT, IRWVT,
DAY ) —NVHIIENCDOWT, £ 1ITRT 158

#£1 RBRUEREEN
i b 5%
HREREITOEY a— v
RERBSRU AN
MREBREBELLRTEOMMH
WMRBREMmERROME
ZHREKRF (EGF) O @E#1L
il e (A
PYT Y UEMHEE
fxRAboYxy
i % KE
I
]
& B
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18 X ¥

Y. amygdalina K18 %

il ]

—aMal (A% /-0 .
FRrEPEMP>ELLR2007FMA4L)

—— B CLDIPRSE
(p-AF Y Y —-R9 /==K, 5:9:1)

—
M (Fr. A)

KAREJOE~-Ya Y

_TH_

R CLISESE
(BRFL-XK,1:1)

—
W (Fr. B) _TH_ .
ARET70E->3 Y BB LINRERSE
hEE (=7 %/ =l=%X,1:1)
REDW — ]
B +r M (Fr. ) TAH (Fr. D)
& .

K1 V.amygdalina EmBYIOWAIKEE & £BIEW O

DIEHICDNWT, FEA D in uitro - TR L7,
BBk B BiEME & LT, 9 = (MR HIR P- 388
RO L-1210 109 28115 fildgiStE, EBY 4
WRIEHALRIC K BB 7T 0 € — v 3 VIIHE
# (Ohigashi et al., 1986), el R
7 LHEICY S A HEE SRR T E 1o,

Z LT, ILRENFTNOEMUYEDILFHIME
WIS BT, MA Y = VYA RS
CEICKDESRERIL, FRR4EOABREROBRE
RN, BREROBRIC K 2EHD SR EE
BE1ICRT LS T, HobicZhZENDiEHH
AohDIFERTFICLDZELEN TV B T &H5¥
BHL 720

—%, TTIRABRI LS, AEYICITEOE
KOEET 5o B KD EFEWRETELERER%
RE$ 260D E LT, RAREEEUYED—IREY
27 ) ==y SIS TE 1 (Shiba, 1976),
Tk & A HIEN & OBEE RO ZREMELT,
=) THIE L TERLL = — %, SEEKle
EXEEDT AL N, v ) RHEY O ESS
Pk an ey vV, FEMEERER SRy 7
D7Lay, vI¥avRREDTFARVEARET S
T EBTE B, 22T, Bon/E8h o EHE
UE AL BRT 2 —Fike LT, EHKicEH

TERLEDNERTHAH EWEL, HHEHOH)
REA GBI L TA7c, K1 iKEaRRlickd 5%
BRI DO B E)Hs FidiES, NIRRT oe—va
Y, BRBFMEIROHEEE EHIORLTH 5,
BV TSR (Fr. B), KOS (Fr. C)
RH o0, (LFEMEE DRI - 1 LE S YE LS
B LTWA T LRI NI, BkHET LI,
R A Y, — L THOHMM I N Y, B2 LD
fBEicElr 7742 00272 Vit Z B
EZDOMBHES—BLET I LDbhb T, &
LI, ZOMEEOREVICE ZEKRDZR, dif
PEER (Fr. B) ObiES, %M, PiEEdoms
GEFTIEL, EWREODBINSDFERAE HIH-T
WABDTIRIE W ERB I N,

Z T, EEEENICRDSHEED H 5t
#B (Fr.B) KFFEBL, 83 N3EHBRSOE
Eﬁ’i’ﬁo f:o

i ER (Fr. B) OB

B3 (100g) O7 & b riith#s, offEEsER
Tk BEWIEM 2 EICIERER L, HHRR,
ItEY 1-3, 22NN 500mg, 29mg, 14 mg
EEEE U, o3, b2, YE{LFRE
HEIDZNZFNERF TRV T 7 b VH,

— 30 —
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vernodalin (1), vernolide (2), hydroxyvernolide
BIELEETE 2o ZNFTNDILEREELZK 2 TR
Lice WFNOBEAES T, R2ICRT LIRS
& Vernonia BHEM L VBB IN TV 3, —4,

HARIEA X ¥ / — W THIHT 3 &, FKSY, verno-
dalin (1), BFE/OENT, R DiciLEY4
(vernodalol) M8 5NTK b, TDEFEIE, 24
J —vARHHERICHY 3 &, BBETILEY
LICHEETB58B7 b vhsx s ) — Vg%
R B EEYE ST B, FNFNDEBKIERE

(R/NERREBR, MAB) BEIITRTLS T,

ILEM1 - 3D 6IEEVA, 4 TREVWED
HREEB, T, (LAY 4ERET BT L~
VBRI DK BEE DS, 57 b PR F AR
KT 5 ETHEREENEE 32 EE2RLTV S,

MHAEE L TA Y, —VERHWB &, HEREM

DEREHCE T4 55 HI3, vernodalin(1)5 verno-
dalol(4) ~DZEM THIATX 3,
FATRARI:FHART, HkEPERRUHE
EEDOIBHENRBINTWDOT, EHRSEL
T 51 3 vernodalin (1) ¥ vernodalol (4) % H
WTHEDIER AR L TH I, % 3iITiZF 0k
ROERLTH B, biESEH I, EtywEo—
KA ) —=v 7B LTRASN A=Y RAM

Vernolide(2)

B, P-388 R UM L-1210 MiIMATHRE LT,
ZNZThOMIED 3 ARO %, RBYEBELS
FROVRBXICH L0 % E S 2 BE (ICy) T3P
ffi L 7= vernodalin (1) ® &3 0.086 #g/ml (P-
388 ) K U8 0.15 g /ml (L-1210) & % ¢, C D
[Cyo B 3581735 AEBEHI, 5- fluorouracil ® % Hu
Il d 56D Tdh-70 —7F, vernodalol (2) D
&t 0.32 g/ ml (P-388) %78 0.61 g/ ml(L
-1210) &, 1kl 1/ 4 DfEARL T, HA
D77 ) TERAOTRE LREE]TE, b
v, 2377 ABHEIEESTED LN, £D
REWIETE, Bacillus subtilis, ¥ Micrococcus
lutea 1T 3 2 R/NEFMHEIEE (MIA) 20z
NRKIWWRTEITH-71o DL, HER
BRICBWTS, (L&Y 1 A321T L10-50£5 30
EHAEFH O ERENT, v
Kupchan (1969) %i3# 2 lc/R$ K Hic, HE
BRAYVEORFEARET, & Mk KB (O
DR FHR) icxt4 55 E (BLESEN:)
)8 & LT vernodalin (1) & T vernolide(2)%- B
LT3, 35it, ZhowRFFURYSF T b
VEDSER TS BURESE M 2 R T EENERE LT,
a, f-Reafs BRI 7 b v OBELEAIEHLT
\»% (Kupchan et al., 1970), 375bb, ZDa,

‘ O OH
-Hydroxyvernolide(3)

K2 V.amygdalinga X 0BOWEEREE R+ 7 VRV
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R ® - ftn

£2 LAY 1—4D Vernonia BHEYICE ) 250 & T DEEER

e | W £ E

Vernodalin(1) a KBl g ic ¥ ¢ 5 8 # 2
7oa b hoOBEAHESED

I<
E!
™
o]

V. glabra®
V. neocorymbosad
Vernolide(2) V. amygdalina® KB fa ic st 9 2 4 2
V. colorata® MT7 A - N —FKM
Higgm®
V. neocorymbosad
V. pectora isf
Hydroxyvernolide(3) V. colorata® 7R —IN— 5 Hi S
e He
pectoralisf

amygdalinab FoatrtvhaomamEED
anthelmintica® # ok &
glabaC®

Vernodalol(4)

< I< i< I<
|
|
;

& Kupchan, S.M. et al., 1969. P Ganjian, I. et al., 1983.

€ Jakupovic, J. et al., 1985. 9 Bohlmann, F. et al., 1983.

€ Gasquet, M., et al., 1985. fMompon, B. and Toubiana, R., 1976.
€ Asaka, Y. et al., 1977.

&3 ALam1—4 OEETER

itEM EHREMN Mg % &M (ICsq) W E M (MIA)

(MAB) P-388 L-1210 B.S M.L
vernodalin(1) 0.8 pg 0.086 ug/ml 0.15 pug/m1 5 pug 5 ug
vernolide(2) 1.2 ug NT NT NT NT
Hydroxyvernolide(3) 1.0 ug NT NT NT NT
Vernodalol(4) . 70.0 ug 0.32 ug/ml 0.61 ug/ml 50 ug 250 ug

HokEM: ROERRERE (MAB), M MBEM - 50%M M A W R B (ICg0).
AWIEM : M\ E R L’ (MIA), B.S: Bacillus subtilis,
M.L: Micrococcus lutea

FEF v /¥y U — OIERINEY) & A EIEMERSY 21

X3 2 ERAFEEWSHEG STV % (Ganjian
et al.,, 1983), F/cEEKdH 5 &I, vernolide(2)
% hydroxyvernolide (3) iZ i 31 7 # — /5 i,
RBREELARESN TV B (Gasquet et al.,
1985), RICHDTHNT 505, CORDIEHE
FUNY I -DITHEREYE LV NIVTHTT 5
FT, BIFOBRAEH LT NTVEH0EE
ZbN B, .

TSR (Fr. B) IC 3 SEmsiEt: 20 o h
foo COMEHIICOF—HEDERFTF ARV T
FUESBO S TOBRDOTRIEBLNAEEZ SR,
ROEAREUARFN D TH S, IFNILTDH, &
W PEE T 7 ) A TILS BRI & L TRHA &
NTOBZDLEIMEID—> E LT, vernodalin
WAEFDEFTEERFTFNRY T bV DELED
bFonkH,

BiE (Fr. C) DERK S

WY (Fr.C) KEETBERERSE, 24
)= WTRHRISHHEN 3, £/, TORAD
FRIILENICHE I X U B85 RTHED
IEEYIM S > THBT EDH -7, K3 ITRT
HHEICH - THBEIES0g 5B 5N B Fr.C X
NENERFESIL, ZNF T, EHEKS (vernonioside

ARELa®) ELTHER (A1—As) %, FHHFEE
L BE:#EY)'E (vernonioside B &) 2 f& (B, By)
RHEELTE I, INHtaOW, BAE verno-
nioside A|— Az U By D 4 BO#ENIK 4 1R
I & D ICHERETE TV 5 (Ohigashi et al, 1991
; Jisaka et al,, 1991, WFhd, RFE29ED
RFT2RY YRR F O KOSV — 2 Bk
T, {bFEHERICE, X7 o4 FABESOBRLIK
BRICHB WO THRD THRMED b 2{LEMETH 5,

B NERRIR B THEM U /- 3G verno -
nioside Ay (5 £g), Az (5 ug), Ay (7 ug)d
NET, Byi3200ug THEMARS o1, T
DT EMS, AT o4 FEDIGAIRFEITDONI-#E
FRERESEHREHICRECFEL TS &8
5,

Z 15 vernonioside JHDHEEM: >\ TR T
DO DBREBETHEH, TOHBE,SHIMLT,
ZF7o4 FicBEL L DEBEIcE <R
L, {EFEARLESHWALBHTTHS, T,
27 o4 FAEEOBRICIKEEORE UMD S, digi-
talin (1 5) 73 EDssUEEARRER ICbERL
TW3, 87 7 VAT, EIHITAEREIEED
DAEYBENONTVBEER, s30T h
5 vernonioside ¥, % U { I3B8E(L&MDEELIC

Y. amygdalina X ¥ / -V HMOBHMEBES Fr. C

80 X9/ - VBHE

—> UV h Y

——7 VIS =354 b XAD-2 (K ~X 4% ) =n)

(2007 2NML—-RX%7—-1)

7.56~10 % X% /- BAHEK

U BTN

BEHEERE S

EHRENEXS

(bZTY=-7€bY)

—ODS N (K—-2%/—-nN)

G- Feafn s BB 7 b v RS FORBLE
BEKRIGT 5 EREVIERIRETEDT
bHIEHRL TV B, EREWEHDTEL,
HEPEREMICB O THOEANICIIE UHEET
EHBRBEENTOEHD LHETE 5,

INET, HENTFEORIGHEICEAR a, -
Reafn s BB 7 b v AFEOZL DR+ F R
VSRS N, TSRS - S EIE:AH
EINTVWB, L& —4IKfR-TH, K21
R & DI, vernodalol(1)icid 77 3 b wghdiic

32 —

—HPLC ( pBondasphere Cyg. K—P & b= kY )

I I ] | | | 1
Ay Az A3 A4 As By 82
21.2 mg 13.7mg 31.2 mg 9.2 mg 2.7 mg 217 mg 37.9 mg

3 Vernonioside ¥iD¥g 5] Bisf
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Vernonioside A4(5)

Vernoniosida A3(T7)

vernonioside B4(8)

4 Vernonioside A;—Ag &RU By D&

Digitalin

K5 Digitalin DM

HoL0HDMhE LN,

ZOMD F vy v — KM O 4 FE
f:

PG (Wrangham and Nishida, 1983; F&H,
1990) R UE W (1987) F X, V. amygdalina LA

NI F ¥y Y —DIERBINCTERL TH 5 L H#
ETx3MAERHK LTV S, 20917, Th¥
< Aspilia mossambicensis (¥ 7 %), Ficus

exasperata (7 7)) %#EUV, V.amygdalina T
fTofctEBOEHERABRERS 2, A.

mossambicensis [FFHHIC bk Xk Hic, F ¥
VI—EPLBANFET AL EPOEHS N
WY Tdh 39S, F.exasperata bE1-FL LS IC,

BRlic—H—K - DEBRON B T LHEIE
INTB, F—4ITRTLHIL, A. mossambicensis
TREBHE (Fr. C) i @B /EH R OB MEiS
MR SNt REEMEIEM X PBIEE (Fr.

B) Kb RHINTWD, abic, B (Fr.

A) ROt (Fr. B) it ¥ v 80 R
O—ETH B M) 7y DOiEHARET 5 ERH
B otz, —7F, F.exasperata T, DIEEE
ez, BEER M) 7Y VIEAEEERSRE
EANte L LEEAS, ThoDiEMR, V. amyg-

— 34 —
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%4 A.mossambicensis KU E. exasperata DHEIBIEMH

Aspilia mossambicensis Ficus exasperata
b c b c
4 i@ B TRPP R & 53 @i RE%2 TRPP % &%
BE W 0 %l BB ®  #0 W
P-388 L-1210 TD NTD P-388 L-1210 TD NTD
Fro A - - + NT NT | Fr.A - - ++ - -
Fr..B * - - - 4+ 4+ Fr.B + + ++ - -
Fr.-C + + + ++ ++ Fr.cC + + - - -
Fr.D0 - - - - - Fr:D  + + - - -
S BN : 500 mg/ml. +: GOXMU L D MMM E. -: 60%K M O M MEF

by YiEMEMER. ++: 50-100 ug/mIT 50% L O P W . +: 100-
1 mg/mIT50% A EDBE®. -: 1 mg/mIT 505k DEW

CTD: THIMERAEMMGEERE. NTD: THHMFEREMAGEERE.
HBRME: 50 ug/ml, ++: 20 LT O A mMMERBEESE. - 20x L

O & MR R MR E &

dalina TERHOLNIBRERMBL SO TE L,
> 120 A. mossabicensis X F. exasperata %, V.
amygdalina L& - T, —REBEERF/ Y-
K&k - TEREN S, #-T, mEHORAE,

HBEE O LA THMERESUEROAKES 2
Yha—- g Rl ORBEEEBRINDG, ThE
NOEEERSZNIREBRFTIVI LR, T
CEEARMLTOWBbDEEZOND, FVI¥Y
U — 3 TR & iGN 2 T A -
RITOZDOMnE LN,

S SIFEE (1990) kK& hiE, Frrev v—n
BWE I - DEANSB T LICHEELEBED
HDZHELEDLETH B, THHL, EHR?
FOBFSIEAE L CEHEMREERERICRATO,
ERISSENT IR X o b alfetsid 3 L5
LT3, FUyNYI—REYEEALVST 51T
PO TIEL, MAERAETEBLTWEDTHA
5 Mo

WEROEFREHNICRAIL T 5LEX 605
YD A5 67, FHRHRSHREIH 2 EYIC
b, SRESBEOI ZHLELHDZESTH 3,

F Ry IU—iLk B Vamygdalina DR EEE
FE B

FHIIBC V. amygdalina IR %55, Gasquet
(1985) 13 V. colorata £ © vernolide (2) kT
hydroxyvernolide (3) B 81, 7 » —/N—7K
FYE & LUTHEL TS, V. amygdalina ®
EBEITORNEMHERELHOoNI LT AT,
FEH, Huffman 5O HEEHIT BT ERICHEH X
N TW3 (Huffman, 1990), —7%, Huffman %
DIVTFEOAFICE B L, V. amygdalina DK
A, BWIRED SBBIhIcF Ny Y -0
ROA[FEHED H WKL LT, FLEERMSHT S
N T3 (Huffman et al.,, 1991),

ABFFEICBOT, FEAL T vernolide (2) U
hydroxyvernolide (3) DEL A Shic L, L
DLEMS, Aui@mEdbcoh s ok
EYDOEAER I BP T, EBITIF /¥y I —H

CBE LU TOAER KR D TOm{L&YIDE DS

R &R 05, Thllhic, 243 LG
U7-Fr%4, Vernodalin (1), DOiEH0E ®EHEH
a3, vernodalin (1) DFEADERER I, FAi
BT THALUIEMICR->TSH, vernolide (2)
% hydroxyvernolide (3) D Z N ER%, EHL

— 35 —



24 : X HE

& - fth

FE Tz, 25 <, vernodalin (1) iZd verno-
lide (2) % hydroxyvernolide (3) ICPLE 3~ 517 #
=, HBRERSERTSITHAH, T/, C
NOTRICRS T, B EARY, BdR - &hl
FEERICERART O EHHFL, Fid Gasquet
B1%7 52 « vt A 2RO N—THLD,
o v K YRED Wright 4, EL FRHELEHFO
NS+ & DIFEIHRLEE - T 5, FEHIT
BIDKERICWT 543, Jilthiit-ic K 5 BAEMB
icxtd 2EER T, vernodalin (1) (3HAEHE D DRK
BANDDDH B, X 5IC, vernonioside FADF
F%4Y, B iCbFH & EEMRDHONDDH S,
—J5, Huffman (&F v /~¥v 9 — O EHHEYF]
Fx & SIicBRICHRL 1ooic, HABRR I v—7
DREFEROEOEESR, T DFEHNEE,
Hicid, REHICK T 2IERBEFEIEYEO R
HILABEZBDDODH B, ZDOKE, —HTHE, K
HETBN LI V. amygdalina DSy OREYIER
MiLBD 2HEARP, EHEOZOEREGE

Elz 5
£ a Sk = et
‘ATL-L‘_ B o vy - ...:é:
SEua | FRERe § b P o -
g + s
Il 1 3 o S
0.5 = =
f e =3
: 13 g oo
= = =
= p—— i
L B ey s
i B i EaEe =
A 14| b o 1 ?5:
= = Sipi | E i
B e
o }"» wrf el i ’ =
s e £ bion X 2
S g Bt R e SR
vay .+..,JH?il T bu swwes buvw: ‘_-._ i
| | swen| |5 | peroii )\ ;
= A= vt SRS N N _.‘\m
.r_J Y o P e it W I G SO pan
%“,‘ 5 s s
0. 10 : 20

RERM ()

BHMALKAS, 22T, Tho{tAYOEE
BEEEBNELEZ, ZOHB:IcBET 2 Hld
%%ﬁ%ﬁét’.o

V. amygdalina ORGSR OBIE LS D
Btk \

TR K HIC, V. amygdalina DEBK
HIEFEHHE L D AE SO 7 V- Ficsr g
LN5, TU4bL, HWKIIEEHICEAIL X +
TRV (LAY —4) &, KEHD verno-
nioside ¥ Th 5, N 5%12IF[E U IETRIMLE
TE, LrbEMLBEBEEMR S LUELINMRT
BHFRELT, FEBRZETHENCAVSO
TV % HPLC HETORREM: AMET U, EBDE
ERSGMFORESLITIY, B2 HUSRIRD I S N fohs,
L TREAREEFIMTE 2HEICOVTRUT
BT 5,

B 6 3xzhzTho 7 v—70{LE&Y% HPLC B
T LIcHITH 5, HPLC L Waters 600

Wgue v o
= bn-\—.| . grwvd
e o e F e i
s et paa == :

: s uhes vanl i
: 1 6
. : e
T Sy i P e gt 3¢ ——
— L' o - Bt R
= Y — .

.

; =

9. 7 - _:
‘ S e ST
. rmer et T
= = o
1 ps Foii o] | 1 Pl run | N -
bt | et = o~ = — 4“; g
= - = o
oy | s eckum becains wouny | Bl |1 Bt Eoing g -
onrs i S | o P pesi
= i | bl ...__:_.4.._ J§ o Y ki

3 S o s | Lo 1 b s | e B B -
=== ===
gu—— S RS =
| *-‘**f:l | :'_\4:;:1: 2 o s B
'-—n” Aot (R N =
X k] s -

0 10 20

X6 {t&#1—8 OHPLCZu<=bho 354

#54:YMC AQ30L, FHEH  tAW1-4 R
WHTE =Y, {LEWE—8 (AKX b) X3BHTE =

FUYL, FE: 1 ml/ 4y

— 36 —

Btk 25> O — ORFEY & LTINS o5

(COBIZPR B &3 2R AL, 9A 5
& & UTHIBROBHER ODS 415 4 (YMC AQ301,
46x100mm) % HW, 254% L < 3220nm D%
RICL 2 BOUE TR L, 22T URVER, 7k
h25% 7+ b=tV (EEX) DEETT02LN
TRificy#tmt sntz: (®6a). —7F, verno-
nioside ¥i, /Kd135%D7 & b=+ ) L TEE L
LE—-7 DN EENRD LN (K6b)e TDHERT
-5 —&b, BEARIcid HPLC B THWrafgE &R
BINIZDT, KBEIK, REOPRETHEFLD
HRELF X1 V., amygdaling FEEEICOW TS
WLTAhI, BIFOFMIFEDHITRLTH S
D, BEIIKROLITH b, ¥XFF U UHE
vernonioside JH3IAGHIC & D RN ABLS B C
EDD, HiEE (2g) 2 HAEL, 20—%
x5 ) =T, T E N TERENE
Ltco IRWT, Witlitis = Z 0 iHiRD Sep-

pak 7 4 W& —TAMBL, BoNkoik4sBiEk

HPLC T L7z, #ERBRTIRLTH B, &
R2FTFIURVEOSIT T, FEK4S, vernodalin
(1), pFEEMILize—2 &L TCEDHLNT (T
Ta), FHINIzL ST, vernodalin DA% / -

T T
H

=
e

i3
-

— i
Y =Tt

Tt
[ r——
T |
jpoasdive s JENTR gum sy swdmy 4
T Tt

% X BE

=)
|

,
:

s

y
i

P =
B B e e e Al e o e s = Sedeeuua:

e
: ==

=y
z T T
B = o o

sl B

1 gl aianiea

1
ey e
| a

REBM (2)

IVEEY), vernodalol (4)D ' — 2 133 St
>72, WERKSY, vernolide(2)% hydroxyvernolide
(3) DR, CDEERR 7 — IV TRTEUM-70
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Vernonia amygdalina is a tropical African plant possibly
used by wild chimpanzees for medicinal purposes.!’ We
have previously reported new bitter steroid glucosides,
vernonioside A,—Aj;, and a related vernonioside B,
from this plant.>> As another class of bitter constituents,
four known cytotoxic sesquiterpene lactones were also
isolated.*’ The most possible use of this plant by chim-
panzees was suggested to be a medicine against parasite-
related diseases; this idea is based on both the symptoms
of the chimpanzee (loss of appetite, lethargy, constipation,
dark colored urine, and apparent abdominal discomfort)
(M. A. Huffman, personal communication) and local use
of the plant by humans.® Schistosomiasis is one of the
most common parasitosis throughout Africa. Here, we
examined antischistosomal activities of the sesquiterpene
lactones (vernodalin, 1; vernolide, 2; hydroxyvernolide, 3;
vernodalol, 4), and the steroid glucosides (vernonioside
AL 3; A,, 6: As, 7; By, 8) including their aglycones (7a, 8a,
and 8b) (Fig. 1) using Schistosoma japonicum.

Adult pairs of schistosomes (S. japonicum) were obtained
aseptically from mice infected with cercariae for 8 weeks.®
Antischistosomal activities were measured in vitro by the
inhibition against movement (IM) and egg-laying (EL) of
the schistosomes in triplicate experiments by the method
previously reported.®’ The results are shown in Table I.

All of the sesquiterpene lactones (1—4) inhibited
movement and egg-laying of schistosomes at 200 ppm, but
not at 2ppm, at the concentration of which a known
antischistosomal drug, praziquantel” showed the activites

(data not shown). At 20 ppm, only vernodalin (1) inhibited
the movement and egg-laying. Vernonioside B, (8) also
inhibited movement and egg-laying of the schistosomes at
200 ppm, but not at 20 ppm. Vernonioside A, (5) and A,
(7) slightly inhibited egg-laying at 200 ppm. The aglycones
8a and 8b, however, clearly inhibited egg-laying at 20
ppm. The effects of 8b, a secondary aglycone obtained by
acid-hydrolysis of 8, was more potent than those of 8
and its real aglycone, 8a.

The antischistosomal activity of vernodalin (1), the
most active compound in vitro, was then tested in vivo. As
anticipated by the cytotoxicities against KB,® P-388, and
L-1210 cells,* it was highly toxic, and was lethal at more
than Smg (120mg/kg) to the infected mouse with S.
Japonicum when orally administered. Oral administration

of a non-lethal dose of 1 (2.5mg) had no great effect on ™

the parasite.
The quantitative analysis of 1 and 8 by HPLC (YMC
AQ-301, 25% aqueous acetonitrile for 1 and 35% aqueous

acetonitrile for 8) showed that the leaves of V. amygdalina

contained both 1 and 8 at high levels (2.81 mg and 0.61
mg per g of fresh leaves, respectively). The level of 8 in
the piths of the stems (0.75mg per g of fresh piths) was
comparable to that in the leaves. Vernodalin (1), however,
was detectd only at a small level in the piths (0.02mg per
g of fresh piths).

The sick chimpanzee was observed by Hufiman® to
ingest the piths of the young stems. Although it is not
evident that the sick chimpanzee was infected by schisto-

R, R, R,y
5 GlcO (-OH, H H
6 GleO a-OH H H
7 GleO o H
7a HO [e] H
8  Glco H. H  OH .
8a HO H H OH i

h

. 1. Structures of Sesquiterpene Lactones. and Steroid Derivatives.
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Table 1. [n Virro Antischistosomal Activities

Well-1 Well-2 Well-3
Compound 200 ppm 20 ppm 200 ppm "20ppm 200 ppm 20ppm
IM*:EL® IM®:EL? IM*:EL® IM“:EL® IM“:EL? IMY:EL?
1 37 ++: 6 +: 0 ++: 3 +: 3 ++: 3
2 0 -: 0 ++: 0 +: 30 ++: 0 +: 42
3 0 - ++: 0 - 5 ++:101 — 1366
4 0 - 4 +: 4 - 72 ++: 0 —-: 0
5 —: 47 NT¢ —-: 6 NT* —: 13 NT*
6 —:212 NT* —:772 NT® —: 66 NT*
7 +: 0 —:206 - 48 - 46 —: 166 —:400
7a —: 46 - 1286 -:106 - 153 —: 60 —: 60
8 4+: 0 - 0 +: 0 —:1072 +: 0 - :766
8a +: 0 —: 16 +: 0 —: 66 +: 0 —: 33
8b +: 0 +: 0 +: 0 —: 48 +: 0 - 0
DMSO-1 — 420, —-:1280 — 1760
—: 466 ~:506

DMSO-2 —:428

To an adult pair of schistosomes in RPM]I 1640 supplemented with 10% fetal calf serum (1 ml) in a well (6 mm in diameter, 17 mm in depth), each
compound in DMSO (20 ul) was added. After incubation for 24 hr under 5% (CO, at 37°C, movement of schistosomes and the number of the eggs
laid were observed by the method previously reported.® The control wells contained DMSO (20 ul) without any compound.

* The number of eges laid.

¢ NT, not tested.

somes, the above data may suggest that the sick chimpanzee
can use steroid glucosides such as 8 in the piths for the
remedy against common parasitosis such as schistosomiasis
caused by African schistosomes, S. haematobium and S.
mansoni, avoiding the ingestion of leaves or stem barks
which contained the extremely toxic vernodalin (1) in high
levels. Furthermore, active steroid glucosides like 8 may be
metabolized into more active forms like 8a and 8b during
digestion. An investigation of the in vivo activity of 8
as well as the structure-activity relationship of steroid
glucosides is now in process.
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Abstract: From Vernonia amygdalina, a possible medicinal plant used by wild chimpanzees, three bifter steroid
glucosides, vernoniosides A}, A2, and A3 and a nonbitter vernonioside B}, were isolated. The oxygenation patterns

of the aglycone parts were new, especially the pattern of the carboxyl group at C21. The oxygen functionalities at
C16 were important for the bitter taste.

Some plants may be consumed for medicinal purposes by wild chimpanzees.!.2 Vernonia
amygdalina (Compositae), a tree growing throughout tropical Africa,is one of the most likely examples
of such plants. At the Mahale Mountain in Tanzania, Huffman and Seifu 2 observed vthat shoots of this
tree were chewed by an apparently sick adult female chimpanzee. V. amygdalina is used in tropical
Africa as anthelmintic, antiscorbutic, and a quinine substitute, and it is eaten as a traditional tonic food
in west Africa. These facts suggest that V. amygdalina contains a variety of physiologically or
biologically active compounds. Some sesquiterpene lactones have been isolated as antitumor agents by
Kupchan er al.3 and as insect antifeedants by Ganjian er al.# To search for further physiologically and
biologically active compounds, wé have investigated the bitter cofnpounds, in particular.5 The structures
of a bitter compound, vernonioside A1, and a nonbitter related vernonioside B] were briefly reported,0
without detailed physicochemical data or chemical characteristics. We recently isolated two new related
bitter compounds, vemoni?sidcs A2 and A3, and identified the configuration of the hydroxy group at Cl16

of vernonioside A1. Here, we describe in full the isolation, structures, and bitterness of these steroid

glucosides.
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The bitter n-butanol soluble part of a methanolic extract of the dried leaves of V. amygdalina
contained a group of compounds that appeared as violet or blue spots on TLC with 0.5% vanillin in
sulphuric acid-ethanol solution, and was separated by‘ 4 steps of column chromatography and then -
purified by preparative HPLC on pBondasphere C1g to yield the bitter compounds vernonioside A1 (1),
A2 (2); and A3 (3) and a related nonbitter compound, vcmonioéidc B1 4).

Rl : R2 R3

1 OGkc B-OHLH H
la -OH B-OH,H H
2 OGkc «OHH H
2. OH o-OHH H
3 0Ge O H
32 OH o H
4 OGc HH OH
da OH HH OH

Fig. 1. Structures of Vernoniosides and Their Aglycones.

The results of FABMS indicated that the molecular formulae of 1,2, and 4 were C35H52010 and
that the molucular formula of 3 was C35H50010. uv spectra of these compounds showed triple
maxima at 235, 243, and 250 nm, indicating the presence of a conjugated diene chromophore. An IR
absorption band due to a fy-lactone was observed with each compound. The following structural
information was common to all of the compounds, as reported previously.S They were 8-
glucopyranosides of the C29 stigmastane-type of s‘_tcroids, and each contained an isopropyl grbup at
C24, a trisubstituted epoxy ring system at C24-C28,and a y-lactone cyclized between C21 and C23.

1H.1H and 1H-13C COSY NMR spectra of 4 confirmed the partial connectivities such as C23-C22-
C20-C17, C6-C7, and C11-C12. The triple absorption maxima in the UV spectrum of 4 suggested the
presence of a A7:9(11) diene, as reported of some triterpenoids and steroids.” Hydrolysis of 4 with B-
glucosidase gave the natural aglycone (4a), the spectrai data of which corresponded with those of 4
except for 13C NMR signals arising from C2, C3, and C4. The 13C NMR signals of C2, C3, and C4
shifted from 30.15, 77.07 (or 78.50), and 34.54 ppm in 4 to 32.58,70.28, and 38.78 ppm in 4a (Table
1). From these data, the structure of vernonioside B1 seems to be 4 (Fig. 1).

The final structure of the steroid part.of vernonioside B1 was found to be that of 4a by X-ray

diffraction analysis.6 The perspective view of 4ais shown in Fig. 2, where the AT:9(11) diene is shown;
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Glucosides from Vernonia amygdalina

Table 1. 13CNMR Assignments of 1,2,3,4, 3a, 4a, and 4b.

C 1 2 3 4 3a 4a 4b
1 35.01 34.92 34.83 35.01 35.11 35.30 35.75
2 30.14 30.08 30.06 30.15 32.49 32.58 32.63
3 77.058 76.982 76.933 77.073 70.14 70.28 70.28
4 34.52 34.48 34.40 34.54 38.69 38.78 39.32
5 39.30 39.16 39.11 39.25 39.57 39.73 41.31
6 30.26 30.19 30.06 30.27 30.20 30.39 22.38
7 120.63 120.99 122.72 120.68 122.91 120.85 36.07
8 136.13 135.87 . 13341 136.53 133.47 136.59 xb
9 144.15 144.09 144.77 143.84 145.02 144.08 142.10
10 36.23 36.18 36.42 36.12 36.48 36.17 36.96
11 119.45 118.76 117.76 119.75 117.76 119.76 27.12
12 41.77 41.32 39.93 42.16 40.00 42.20 25.717
13 42.89 43.28 40.94 42.63 40.98 42.67 4548
14 50.22 49.18 46.13 51.93 46.22 51.03 151.33
15 37.03 36.02 37.64 23.51 37.69 23.55 116.62
16 72.12 74.89 214.51 28.08 214.53 28.10 36.63
17 57.07 60.14 62.80 45.81 62.83 45.84 47.56
18 13.91 1391 14.24 12.68 14.28 12.70 16.87
19 19.60 19.48 19.50 19.52 19.69 19.70 18.58
20 38.69 40.26 37.36 51.01 37.38 52.03 46.10
21 178.43 177.97 177.70 176.36 17771 176.38 - 177.24
22 31.05 29.31 28.50 71.04 28.50 73.05 79.46
23 77.28 77.38 77.24 80.11 77.23 80.11 82.99
24 64.17 64.02 64.38 63.81 64.38 63.82 82.13
25 29.76 29.74 29.66 30.33 29.67 30.33 30.85
26 18.70 18.73 18.75 18.49 18.76 18.49 17.34
27 18.88 18.89 18.75 18.65 18.76 18.65 18.07
28 55.28 5540 55.32 56.17 55.31 56.18 81.09
29 13.21 13.19 13.22 13.19 . 13.23 13.19 13.94
1'¢ 102.29 102.25. 102.32 102.28

2¢ 75.36 7530 75.37 75.34

3¢ 78.65 78.60 78.69 78.64

4c 71.74 7171 71.80 71.74

5 78.528 78.462 78.563 78.502

6c 62.89 62.86 62.93 62.88

2 The values of C2 and C5' may be reversed.

b This olefin carbon signal was not assigned exaclly because i 1t was _guperimposed by the signals arising from pyridine-ds.

¢ The carbons of glucose were numbered as 1' to 6

Fig. 2 Perspective View of da.

<
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Table 2. lH NMR Assignments of 1,2,3, and 4.

H 1 2 3 4
1o 1.30 1.26 1.29 1.28
IB 191 1.86 1.87 1.88
2.18 2.16 215 ca, 22
2[3 1.72 1.71 1.75 ca. 1.7
3.96 3.95 ca. 4.0 ca. 4.0
4a 2.07 2.02 2.04 2.05
48 1.48 141 1.47 147
5 137 1.34 1.35 1.38
6o 1.83 1.82 ca. 1.8 ca. 1.8
6B 1.83 1.82 ca. 1.8 ca. 1.8
7 544,brs 540,brs 530,brs 5.38,brs
11 5.56, br d, J=6.3 Hz 5.50, brd, J=5.9 Hz ca. 5.5, brd 5.55,brd, J=6.29 Hz
120 2.19 2.34 ca. 2.3 2.37
128 3.12,dd,J=178,6.7Hz 2.77,dd, J=17.4, 6.6 Hz ca. 24 3.25, dd, J=18.0, 6.9 Hz
14 2.24 2.82 2.67 2.30
150 2.53, dt, J=12.8, 6.9, 6.9 Hz 2.16 2.44,dd, J=18.0,7.9 Hz 1.82
158 191 2.16 2.17,dd, /=184, 12.7 Hz ca. 1.5
160, 4.65,brs - - 1.65
168 - 4.58 - 2.38
17 1.89 2.37 3.04 241
18 1.18, s 0.75, s 0.73, s 0,75, s
19 0.89, s 0.85, s 0.83,s 0.87, s
20 3.37,q,J=9.7Hz 307, m ca. 3.08 3.04, dd, J=9.6,4.0 Hz
220 2.28 2.32 2.32 -
228 273, m 2.52,q,/=11.8 Hz 232 477, brs
23 4.89,dd,J=9.9,59Hz 4.93,dd, J=10.6, 5.5 Hz 4.90,t,J=8.1 Hz 4.98,d,J=2.3 Hz
25 1.89 1.86 1.92 2.01
26 1.07,d,J=72 Hz 1.08,d,J=7.2 Hz 1.04,d,J=7.2 Hz 1.25,d, /=74 Hz
27 1.28,d,J=7.1Hz 1.28,d,J=7.0 Hz 1.26, d, J=6.7 Hz 1.29,d,J=7.6 Hz
28 2.98,q,J/=5.3 Hz 3.01,q,J=5.6 Hz 3.17,q,J=5.6 Hz 3.63,q,J=5.5Hz
29 1.23,d,J=5.5Hz 1.19,d,/=5.5 Hz 1.24,d,J=5.4 Hz 1.32,d, J=6.1 Hz
1 5.07,d,J=7.6 Hz 5.01,d,J=7.6 Hz 5.05,d,/=7.8 Hz 5.02,d,J=7.6 Hz
2' 4.07 4.06 4.08 4.06
3 438 431 431 4.33
4 4.30 4.27 427 4.30
s' 4.00 3.96 » 4.02 4.03
6' 4.38 4.40, br dd, J=11.9, 5.0 Hz. - 442 441,dd, J=11.9, 5.3 Hz
4.60 4.57,brd, J=10.0 Hz 4,60 4.58, dd, /=11.8, 2.1 Hz

this allowed us to assign most of the 13C (Table 1) and 1H (Table. 2) NMR signals of 4, which was
helpful for the structure elucidation of other vernoniosides.

Hydrolysis of 4 with HCl gave an aglycone (4b) with a molecular ion peak at m/z 470 in its
EIMS, indicating that the molecular formula of 4b was C29H4205. The UV spectrum of 4b had a
single maximum at 250 nm (¢ 14000) arising from a diene chromophore. The IH NMR spectrum of 4b
showed only an olefinic proton signal at 5.45 ppm, which was cgupled with mctflylene proton signals at
2.44 and 2.88 ppm. The methylene proton signals were coupled with a methine proton signal arising
from 17-H (2.54 ppm) in the 1H-1H COSY NMR spectrum at 500 MHz. Thus, double migrations of

double bonds from A7,9(11) to A8.14 by proton addition and elimination reactions occurred during acid
hydrolysis (Fig. 3). Furthermore, the 13C NMR signals arising from C22, C24, and C28 shifted downfield
from 73.05, 63.82, and 56.18 ppm in 4a to 79.46, 82.13, and 81.09 pprrrl,’vrespe:ctively, in 4b (Table 1).
Additionally, the methine proton signal arising from 28-H shifted downfield from 3.64 ppm in 4a to
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4.31 ppm in 4b. These shifts of the 13C and 1HNMR signals could be explained by the formation of a

five-membered ether ring accompanied with opening of the epoxy ring as shown in Fig. 3.

Fig. 3. Reaction of 4 Hydrolyzed with HCI to 4b.

‘The structure of vernonioside A] was previously found to be that of 1by comparison of 13¢
and 1H NMR data (Table 1 and 2, respectively) with those of 4, except for the stereochemistry at Cl16.6
Vernonioside A2 (2) was found to be an isomer of 1and4 by its FABMS and by HR-EIMS of its
natural aglycone 2a obtained by enzymatic hydrolysis. 14.1H and 1H-13C COSY NMR spectra of 2
clearly demonstrated the connectivity of C23-C22-C20-C17-C16-C15-C14, as for 1. The C22 and C16
of 2 were of methylene ({\H NMR; 2.32 and 2.52 ppm) and hydroxymethiné (IH NMR; 4.58 ppm),

respectively. Thus, 2 was identified as an epimer of 1 at C16.

Vernonioside A3 had an IR absorption band at 1740 cm-1 and a 13C NMR signal at 214.51 ppm
(Table 1), indicating the presence of an additional carbonyl group other than that of C21. In the 1H-1H
COSY NMR spectrum, both 150-H and 158-H appeared as double doublets (2.44 ppm, J=18.0, 7.9 Hz and
2.17 ppm, J=18.4, 12.7 Hz, respectively) coupled with a methine proton signal at 2.67 ppm arising from
14-H. Thus, 3 seemed to be a 16-oxo-derivative. ‘

By NaBH4 reduction of 3,two products were obtained in the ratio of 5:1. The major product
was identified spectroscopically as 1 and the minor one as 2. Probably, hydride stereoselectively
attacked the carbonyl carbon at C16 from the less hindered o-side to yield a B-hydroxy derivative as
the major product. The results of NaBH4 reduction of 3, therefore, indicated not only that 3 is a 16-
oxo-derivative, but also that 1 and 2 are 16B-hydroxy and 16c-hydroxy derivatives, respectively.
Further evidence identifying the configurations' at C16 of both 1 and 2 was their 1H and 13C NMR
spectra. The 13C NMR signalé of Cl16and C17 of 1 resonated at a higher field than those of 2.
Furthermore, the 1 NMR signal due to 18-meth);l"resonated at a low‘er field )a\nd the 14- and 17-methine

signals resonated at a higher field in 1than 2. These tendencies were in agreement with the data

— 46 —

630 M. JisAKA et al.

reported on 2-alkyl hydroxycyclopentane and certain steroids.89 On irradiation of 16-H, 2% of the NOE
of the 18-methyl signal was observed in 2a, but none was observed m 1a. Thus, the configurations of
the hydroxy group at C16 of 1 and 2 were P and «, respectively (Fig. 1).

The amounts needed for bitter taste of 1, 2,
Table 3. Bitterness of Vernoniosides

and 3 were 7,5, and 5 g, respectively (Table 3), and Their Aglycones.

which were almost equal to the amount needed of

Bitterness
Compounds
quinine sulphate. Vernonioside B1 was not bitter pou (ue)
‘ . 1 7
even at 200 ug, suggesting that the presence of la 130
. : 2 5
an oxygen atom at Cl6 may be important for 2a 150
the bitter taste. The glucosyl moiety was also 3 5
3a >200
important for bitter taste because aglycones la, 4 >200
4a >200
2a, and 3a had small bitterness. 4b =200
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Experimental
General remarks o
All melting points were measured on a Yanagimoto microapparatus and are uncorrected. The
following spectroscopic and analytical instruments were used: UV, Shimadzu UV-200; IR, Shimadzu IR-
435 (KBr); ORD, JASCO model J-5; 1H and 13C NMR, Brucker AC250 (250 MHz for !H, ref. TMS) and

GE GN-500 (500 MHz for 1H, ref. TMS); MS, JEOL IMS-DX300 (70 eV, 300 pA); HPLC was done with

a pBondasphere C18 (ODS) column (Waters Associates Inc.). GC was done with an OV-1 column (FFS
capillary column, 50 m x 0.24 mm i.d.). The bitterness was measured as the minimum amount for bitter
taste by a filter paper method, in which a filter paper containing a known amount of test sample (1
cm2, 0.2 mm, thick) was put on the tongue.’

Extraction of V. amygdalina and isolationof 1,2,3, and 4

Dried leaves of V. amygdalina (800 g), which had been collected and air-dried in 1987, were
extracted with MeOH at room temperature for 7 days. The crude extract (94.9 g) was partitioned with n-
hexane-MeOH-water (5:9:1) to yield a bitter lower layer. This portion was partitioned with EtOAc-water
(1:1), and the bitter lower layer obtained (49.9 g) was further partitioned with water-saturated n-BuOH to
yield a bitter n-BuOH-soluble part (17.6 g). The bitter part was chromatographed on Amberlite XAD-2
eluted stepwise with MeOH-water. The bitter eluate (80% MeOH) was rechromatographed on silica gel
eluted stepwise with CHCI3-MeOH io afford 7.5-10% MeOH eluates. The combined eluate was further
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separated on silica gel 60H with toluene-acetone (2:3) under pressure to yield a bitter fraction (2.1 g).
After being techromatographed on ODS gel (MeOH-water/3:2), the bitter fraction was purified by HPLC

on pBondasphere (acetonitrile-water/36:64, 8 ml/ min) to yield vernonioside A1 (1, 21.2 mg, Rt 21.7 min),
A2 (2, 13.7 mg, Rt 19.0 min), A3 (3, 31.2 mg, Rt 26.5 min} and B (4, 217 mg, Rt 30. 0 min). Vernonioside

A1 (1): Colorless needles, mp 244-246°C. (¢’ +35.2° (¢ 0.23, MeOH). IR vmax (KBr) cm™1: 3400, 1760.
UV Amax (MeOH) nm (g): 236 (12000), 243 (14000), 251 (9000). FABMS m/z: 633 (MHT,
C35H52010+H). Vernonioside A2 (2): Colorless plates, mp 254-256°C. [’ +10.7° (c 0.30, MeOH). IR
vmax (KBr) cm-1: 3400, 1760. UV Amax (MeOH) nm (e): 235 (15000), 243 (17000), 250 (11000).
FABMS m/z: 655 {(M+Na)*, C35H52010+Na). Vernonioside A3 (3): Colorless needles, mp 200-203°C.
(o3 -30.0° (c 0.25, MeOH). IR vmax (KBr) cm-l: 3400, 1775, 1740. UV Amax (MeOH) nm (g): 235
(11000), 242 (12000), 250 (8000). FABMS m/z: 631 (MH*, C35H50010+H). Vernonioside B1 (4):
Colorless needles, mp 208-211°C. [l +31.9° (c 0.94, MeOH). IR vmax (KBr) em-1: 3400, 1775. UV
Amax: 235 nm (€ 13000), 243 nm (e 15000), 250 nm (e 10000). FABMS m/z: 633 (MH*, C35H52010+H).

GLC analysis of sugar moiety of 4
Vernonioside By (4) (100 pg) was hydrolyzed with 2N TFA (200 ul) at 125°C in a sealed tube for

1 hr. After the solvent was evaporated, the residue was dissolved in pyridine (20 pl), to which N,O-

bis(trimethylsilyl)trifluoroacetamide (10 pl) was added. The mixture was left for 1 hr and the products
were analyzed by GLC on OV-1 at 170°C. TMS-glucoses were observed at Rt 8.0 min and Rt 12.8
min.

Enzymatic hydrolysis

Vernonioside B1 (10 mg) was dissolved in Triton X-100 (0.2 ml), and 50 mM sodium citrate-NaOH
buffer (pH 5.0, 20 ml) and B-glucosidase (32 mg) were added. After incubation of the mixture at 35°C
for 72 hr, the reaction products were extracted with n-BuOH (20 ml) three times. After chromatography
of the n-BuOH-soluble part on silica gel and then ODS gel, the natural aglycone was recrystallized from
EtOAc. 4a: Colorless plates, mp 205-210°C. (93’ +40.8° (c 1.03, MeOH). IR vmax (KBr) cm-1: 3400,

1760. UV Amax (MeOH) nm (g): 236 (13000), 242 (14000), 250 (10000). IH NMR § (pyridine-d5) ppm:
0.79 (3H, s), 1,00 (3H, s), 1.26 (3H, d, J=7.4 Hz), 1.30 (3H, d, /=7.4 Hz), 1.32 (3H, d, J=5.5 Hz), 1.45
(1H), 1.5 (1H), 1.51 (1H), 1.6 (1H), 1.62 (1H), 1.8 (2H), 1.9 (2H), 1.92 (2H), 1.99 (1H), 2.0 (1H), 2.1
(1H), 2.38 (1H), 2.39 (1H), 2.40 (1H), 2.44 (1H), 3.07 (1H, dd, J=9.9, 4.1Hz), 3.29 (1H, dd, J=17.9, 6.8
Hz), 3.64 (1H, q, J=5.6 Hz), 3.80 (1H, m), 4.79 (1H, br s), 5.00 (1H, d J=2.4 Hz), 5.42 (1H, br ), 5.62
(1H, br d, J=6.2 Hz). HR-EIMS m/z: 470.3028 (M1, calcd. for C29H4205, 470. 3032). By the same
procedure, three natural aglycones, 1a (2.6 mg), 2a (5.2 mg), and 3a (2.6 mg), were obtained from 10 mg
of each vernonioside and recrystallized from MeOH. la: Colorless needles, mp 256-258°C. (o5 +51.3° (¢
0.08, MeOH). IR vmax (KBr) cm-1: 3400, 1760. UV Amax (MeOH) nm (g): 236 (14000), 242 (1600),
251(11000). 1H NMR & (pyridine-ds) ppm: 1.02 (3H, s), 1.07 (3H, d, J=7.2 Hz), 1.21 (3H, s), 1.23 (3H,
d, J=6.7 Hz), 1.29 (3H, d, J=7.1 Hz), 1.42 (1H), 1.55 (1H), 1.61 (1H), 1.79 (1H), 1.89(1H), 1.90(1H),
1.91 (1H), 1.93 (2H), 1.96 (1H), 2.02 (1H), 2.16 (1H), 2.22 (1H), 2.26 (1H), 2.27 (1H), 2.55 (1A, dt,
J=12.6, 7.4, 7.4 Hz), 2.74 (1H, m), 2.99 (1H, q, J=5.5 Hz), 3.16 (1H, dd, J=17.6, 6.6 Hz), 3.39 (1H, m),
3.86 (1H, m), 4.65 (1H, m), 4.90 (1H, dd, J=10.2, 5.9 Hz), 5.48 (1H, br s), 5.63 (1H, br d, J=6.1 Hz).
HR-EIMS m/z: 470.3014 (M*, caled. for CogH420s5, 470.3032). 2a: Colorless plates, mp 229-231°C. [aly’
+34.5° (¢ 0.26, MeOH). IR vmax (KBr) cm-1: 3400, 1760. UV Amax (MeOH) nm (g): 235 (14000), 242
(17000), 251 (11000). 1H NMR & {pyridine-d5) ppm: 0.79 (3H, s), 0.98 (3H, s), 1.08 (3H, d, J=7.2 Hz),
1.19 (3H, d, J=5.5 Hz), 1.29 (3H, d, J=7.1 Hz), 1.38 (1H), 1.53 (1H), 1.60 (1B), 1.76 (1H), 1.87 (1H),
1.90 (2H), 1.96 (2H), 2.13 (1H), 2.17 (2H), 2.32 (1H), 2.39 (1H), 2.42 (1H), 2.54 (1H, m), 2.81 (1H, dd,

J=17.3, 6.7 Hz), 2.86 (1H), 3.01 (1H, q, J=5.5 Hz), 3.07 (1H, dt, J=12.1, 7.6, 7.6 Hz), 3.84 (1H, m), 4.58
(1H, m), 4.93 (1H, dd, J=10.7, 5.5 Hz), 5.45 (1H, br s), 5.58 (1H, br d, /=5.6 Hz). HR-EIMS m/z:

470.3038 (M, calcd. for C29H4205, 470.3033). 3a: Colorless needles, mp 228-230°C. (aff 12,5 (c 0.12,
MeOH). IR vmax (KBr) ecm-1: 3400, 1770, 1740. UV Amax (MeOH) nin (e) 234 (11000), 242 (12000),

250 (8000). 1H NMR & (pyridine-ds) ppm: 0.76 (3H, s}, 0.96 (3H, s), 1.04 (3H d, J=7.2 Hz), 1.24 (3H, d,
J=5.7 Hz), 1.26 (3H, d, J=7.3 Hz), 1.43 (1H), 1.50 (1H), 1.65 (1H), 1.80 (1H), 1.88 (2H), 1.89 (1H), 1.95
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(1H), 2.00 (1H), 2.19 (1H, dd, J=18.2, 12.8 Hz), 2.20 (1H), 2.34 (2H), 2.40 (2H), 2.47 (1H), 2.70 (1H),
3.06 (2H), 3.17 (1H, q, J=5.6 Hz), 3.84 (1H, m), 4.89 (1H, t, J=8.1 Hz), 5.35 (1H, br s), 5.62 (1H, br d,
J=5.4 Hz). HR-EIMS m/z: 468.2859 (M*; caled. for C29H400s, 468.2876).

Hydrolyszs of 4 with HCI
To 4 (8.9 mg) in EtOH (0.2 ml) 2.0N HC1 (5 ml) and toluene (5 ml) were added. After the solution
was refluxed for 6 hr, the products in the upper layer were purified by preparative TLC (silica gel plate,

toluene-MeOH/8:3) to yield an aglycone (4b, 3.8 mg). 4b: Colorless needles, mp 259-261°C. () +13.3°

(c 0.24, MeOH). IR vmax (KBr) cm-1: 3400, 1775. UV Amax (MeOH) nm (g): 250 (16000). 1H NMR §
(pyridine-ds) ppm: 1.02 (3H, s), 1.12 (3H, d, J=7.1 Hz), 1.16 (1H), 1.17 3H, s), 1.25 (3H, d, J=6.6 Hz),
1.33 (3H, d, J=6.6 Hz), 1.37 (1H), 1.44 (2H), 1.54 (1H), 1.64 (1H), 1.72 (2H), 1.87 (1H), 2.07 (1H), 2.11
(1H), 2.12 (1H), 2.24 (3H), 2.38 (1H), 2.44 (1H), 2.54 (1H), 2.88 (1H), 2.98 (1H, br d, J=13.2 Hz), 3.11
(1H, dd, J=10.0, 6.5 Hz), 3.85 (1H, m), 4.31 (1H, q, .I-64Hz) 4.89 (1H, dd, 1-65 4.7 Hz), 4.96 (1H, d,
J=4.1 Hz), 5.44 (1H, br s).

Reduction of 3 with NaBH4

To 3 (11.5 mg) in MeOH (2 ml), NaBH4 (2 mg) was added. The mixture was left for 5 min while
being stirred, and diluted acetic acid (about 20%, 1 ml) was added. After the solvent was evaporated, the
products were extracted with n-BuOH. Purification of the n-BuOH extract by preparative HPLC on

pBondasphere C18 (acetonitrile-water/35: 65) yielded vernonioside A] (1, 3.7 mg, R¢ 32.0 min) and A2 (2, 1
mg, Rt 28.4 min).

X-ray diffraction analysis of 4a

Crystal data of the single crystal used for X-ray analysis were as follows: monoclinic, space
group p21, a=17.082(1), b=12.236(1), c=6.230(1) A, B=92.81°(1), V=1301.0 A3, Z=2, Dx=1.202 g/cm3.
Intensity data of 2179 diffractions within 283<130° were collected by a Rigaku AFC-5UD four-circle

diffractometer with graphite-monochromated CuKo radiation (A=1.54178 A), and 2179 unique reflections

with' Fo>3o0 (F) were used for the structure determination by a MULTAN 84 program system10
(Rmt—O 050). The perspective view is shown in Fig. 2.
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MEDICINAL PLANT, Vernonia amygdalina (Del),

BY A WILD CHIMPANZEE, ITS POSSIBLE EFFECT ON
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ABSTRACT This is the second detailed case study of the use of V. amygdalina (Del) by a
wild chimpanzee suffering from gastrointestinal upset (flatulence and diarrhea). The
female, who was followed for approximately 5 hours over a two-day period, recovered from
her symptoms by the afternoon of the second day. Laboratory examination of two fecal
samples, one collected approximately 1 hour and another 20.5 hours after ingestion of the
plant’s bitter pith, revealed a notable drop in the degree of parasitic infection by a Ternidens
sp. Bioassay of the plant consumed by the female confirmed that the two most abundant
and bioactive constituents, vernodalin and vernonioside B, were present. Vernonioside B,
was found to occur at significant levels in both the leaves and pith, but the cytotoxic ver-
nodalin was found only in the leaves. This suggests that vernonioside B; and its naturally oc-
curring aglycones are likely to be the bioactive constituents ingested by chimpanzees. The es-
timated amount of vernonioside B, ingested by this female was found to be approximately

equal to the amount contained in a traditional Tongwe medicinal preparation from a cold

water extract of the leaves to treat similar gastrointestinal disorders in adult human patients.
This report provides new evidence for the effectiveness of medicinal plant use in primates
and strongly supports the current hypothesis regarding the use of V. amygdalina for the con-
trol of symptoms from parasitic and gastrointestinal illness by wild chimpanzees.

Key Words: Pan troglodytes schweinfurthii; Medicinal plants; Vernonia amygdalina Del.;
Compositae; Parasite load; Ternidens sp.; Phytochemistry.

INTRODUCTION

In primates, and the chimpanzee in particular, various sources of evidence sug-
gest that certain toxic plants are selected for their medicinal value (Huffman &
Wrangham, in press).

The use of Vernonia amygdalina Del., by chimpanzees for its medicinal value
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was first determined from the detailed observations of an ailing female’s ingestion
of this widely recognized African ethnomedical plant in the Mahale Mountains Na-
tional Park, Tanzania (Huffman & Seifu, 1989). The symptoms displayed by this
female were apparent lack of appetite, malaise, constipation and unusually dark
colored urine. She meticulously removed the leaves and outer bark from several
young shoots of V. amygdalina and chewed on the exposed piths, ingesting only
the extremely bitter juice. Within 24 hours, she had regained her appetite and fully
recovered from malaise and constipation (Huffman & Seifu, 1989).

At Mabhale, there is a trend for greater chimpanzee use of V. amygdalina during °
the rainy season despite year round availability (Huffman et. al., 1990). During the
rainy season, the number of chimpanzees with detectable parasitic infections also
tends to increase, as does the number of different parasite species per individual
(Huffman et al., 1990, in prep.). '

Based on the female’s symptoms and the ongoing investigation of parasitic infec-
tion in Mahale M group chimpanzees, it was hypothesized that the use of this plant
by chimpanzees aid in the relieve gastrointestinal illness or parasite-related disease
(Huffman et al., 1990, 1992).

Subsequent quantitative analysis and assays of the biological activity of V.
amygdalina specimens (pith, bark, leaf, root) collected from Mahale have revealed
the presence of two major classes of bioactive compounds in the plant: the ses-
quiterpene lactones and the steroid glucosides (Ohigashi et al., 1991a; Jisaka et al.,
1992a, in press). The most abundant of these constituents, the sesquiterpene lactone
vernodalin, and the steroid glucoside vernonioside B,, have been shown to possess
antibiotic, anti-parasitic, anti-amoebic, and anti-tumor properties (Asaka et al.,
1977; Gasquet et al., 1985; Jisaka et al., 1992 a, b; Jisaka et al., 1993; Kupchan et
al., 1969). Recently, in vitro anti-schistosomal (Schistosoma japanicum) activity
tests have shown vernodalin, vernonioside B, and its naturally occurring aglycones
to be the most bioactive constituents isolated from this species to date (Jisaka et
al., 1992b). In vivo tests of vernodalin on schistosome-infected mice showed it to
be lethal to the parasite at more than 5§ mg. (120 mg./kg), but a lower dose (2.5
mg.) had no great effect on the parasite (Jisaka et al., 1992b). While similar in vivo
tests on vernonioside B, are still being conducted, previous in vitro tests have failed
to find any significant cytotoxicity in this compound, which suggests that ver-
nonioside B,’s biological activity is of a different nature than that of vernodalin
(Takaoka, pers. comm.).

Preliminary quantitative analyses of a specimen collected at Mahale showed that
both vernodalin and vernonioside B, occurred in the leaves at significantly high
levels (2.18 mg and 0.61 mg/g fresh leaves, respectively). However, while ver-
nonioside B, occurred at comparably high levels in the pith (0.75 mg/g fresh pith)
vernodalin occurred at levels low enough to be considered insignificant (0.02 mg/g
fresh pith) (Jisaka et al., 1992b). It was then suggested that a key to understanding
why chimpanzees select the pith rather than the leaves of V. amygdalina may lie in
the avoidance of the highly toxic vernodalin in favor of the equally bioactive, less
host-toxic vernonioside B, (Jisaka et al., 1992b).

To date, no direct evidence from fecal samples or plant material collected concur-
rently with observations of the use by chimpanzees of V. amygdalina, or any other
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medicinal plant, have been available to test these hypotheses. In this paper, behav-
ioral, parasitological, and phytochemical data collected during and subsequent to
a recent observation at Mahale of another apparently ill adult female chimpanzee’s
use of V. amygdalina are presented. These data are discussed in relation to the above
hypotheses concerning the possible use of the plant by chimpanzees for the control
of parasite and/or other gastrointestinal illness.

MATERIAL AND METHODS

Observations were conducted on the M group of chimpanzees in the Mahale
Mountains National Park, Tanzania, between October 1991 and January 1992.

Situated on the eastern shore of Lake Tanganyika, the study area’s climate is in-
fluenced by weather from the lake and the mountainous terrain, which ranges from
772 m to 2,000 m above sea level. Chimpanzees are supported mainly by the semi-
deciduous gallery forests between 780-1,300 m above sea level. The year is divided
into two distinct seasons. The rainy season lasts from around mid-October to mid-
May, during which rain falls an annual average of 1,800 mm (Nishida, 1990;
Takasaki et al., 1990). For further description of the study group and site, see
Nishida (1990).

In order to begin the systematic study of medicinal plant use in chimpanzees and
to test hypotheses developing from this research, a multi-disciplinary research
group called The C.H.I.M.P.P. Group (The Chemo-ethology of Hominoid In-
teractions with Medicinal Plants and Parasites) has been established and includes
specialists in ethology, natural plant products, chemistry, parasitology, phar-
macognosy, pharmacology, and traditional medicine (Huffman et al., 1992).

Focal-animal observations were conducted by M.A.H. with the assistance of
M.S.K., following focal individuals for as long as possible, recording all social in-
teractions, basic activity patterns, and feeding behavior. Visible cues to an in-
dividual’s state of health were noted, specifically, stool type, urine color, sinus and
respiratory congestion, etc.

During these observations, infrequently used chimpanzee “plant food items” ob-
served to be ingested in a peculiar manner (e.g. for no apparent nutritional gain) or
under unusual circumstances (e.g. associated with sickness) were collected. Most
plant species utilized were identifiable by the local Kitongwe/Kiswahili vernacular
and Latin names (Nishida & Uehara, 1983). Identification of some unknown spe-
cies were made by G. Mwachala of the East African Herbarium, National
Museums of Kenya. , ' '

The presence of possible phytochemical activity or ethnomedical use were investi-
gated by cross-referencing species with ‘the medicinal and poisonous plant
literature of Africa (e.g. Watt & Breyer-Brandwijk, 1962; Kokwaro, 1976; Burkhill,
1985; Abbiw, 1990). When available, details of local Tongwe ethnomedical use
was provided by M.S.K. and two other knowledgeable local informants, R. Nyundo
and R. Kasakampe. Promising species were collected in bulk, dried thoroughly,
and brought back to Kyoto University for a preliminary screening test of possible
biological activity (Ohigashi et al., 1991b, 1993).
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During focal-animal and ad [libitum observations, fecal samples, when
available, were collected immediately after discharge and stored individually in 5.0
ml Corning sterile cryogenic vials. At camp, the vials and contents were weighed
and 1 gram fecal samples were fixed with a 10% formalin solution. The contents
were thoroughly mixed in the vials before being sealed and stored in a cool dark
room until transport to the laboratory, where they were examined by S.G. within 6
months after collection. ‘

Each sample was microscopically checked for the presence of parasite eggs, and
when present, species or genus level identification was made. Parasite loads were
also measured using the McMaster’s technique (expressed as eggs/g feces). Egg
counts for each fecal sample were carried out three times and the parasite load for
each sample was calculated as the mean value derived from those trials.

During the study, as part of an investigation on the chemical ecology and phar-
macology of V. amygdalina, fresh samples from young shoots of this species (the
part utilized most frequently by chimpanzees) were collected by M.A.H..every two
weeks from three specific trees. On each sample day, one young shoot from each
tree was collected and divided into three parts: young distal leaf, young branch
(pith included), and older branch sections (pith included). Two, 2 gram samples of
each part where placed separately into small glass specimen bottles, one containing
methanol (MeOH) and the other acetone (Me,CO), for preservation and later ex-
traction and quantitative analysis of vernodalin and vernonioside B, in the labora-
tory. The samples were then stored in a cool dark place.

In this paper, plant materials collected during the first and last sample periods
(October 27 and December 22) were used to assess possible seasonal differences in
the relative abundance of the major bioactive compounds. These samples were
used to represent the end of the dry season and mid-rainy season states of this spe-
cies in the study area. , :

In the laboratory, quantitative analysis of the two most prevalent bioactive con-
stituents, vernodalin and vernonioside B,, were conducted by D.1. After Jisaka et
al. (1992b), the Me,CO extract was used for the analysis of vernodalin and the
MeOH extract for that of vernonioside B,. Each extract was concentrated to 10
ml, and 4 ml of this solution was poured onto Cosmosil 140C,s-OPN gel (Nacalai
Tesque, approximately 1g). After the excess solvent was removed in vacuo, the gel
was transferred into a syringe (7 cm X 0.8 cm i.d.) equipped with a Sep-Pak C; car-
tridge (Waters) at the outlet side. The components absorbed on the Cosmosil gel
were successively eluted with 10 ml of water, 10 ml of 90% acentonitril (CH;CN),
and 100% CH;CN under syringe pressure. The 90% CH;CN eluate was concen-
trated, then redissolved with 1 ml of CH;CN, and filtered with an H-13-5 filter
(TOSOH) and again filled up to 2 ml with CH3CN. Five ul of this solution was ana-
lyzed for vernodalin using HPLC [AQ-301, Column; ODS, 4.6 X 100 mm (YMC),
CH;CN-H,0 (25 :75), 1 ml/min.] detected by the absorption intensity at UV,y.
By the same procedure, a 90% aq. MeOH eluate was obtained from a sample of
the MeOH extract and analyzed by HPLC [CH,CN-H,0 (33 : 67)] detected for ver-
nonioside B, by the absorption intensity at UV,s4 (Jisaka et al., 1992b). This proce-
dure was repeated for a portion of shoot from the same plant ingested by the adult
female reported here.
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V. amygdalina seeds collected at Mahale were germinated and raised in the exper-
imental green house of the Department of Agriculture, Kyoto University and in the
home of K.K. Samples were obtained from these plants to determine average fresh
weights of plant parts and for analytical comparison of the occurrence of ver-
nodalin and vernonioside B, in fresh (mg/g sample f.W.) versus methanol and ace-
tone extract states (ug/mg extract). There was no strong tendency for amounts of
these compounds to vary according to state, and, therefore, for the following
analyses, all measurements taken from extraction or fresh samples are expressed in
the common unit mg/g fresh weight. '

RESULTS
I. Behavioral Observations

On December 23-24, 1991, an adult female, FT (Fatuma: born circa 1963), was
observed for a total of 5§ hr. 4 min. The observations were split into two periods as
follows: day one (14:37-18:15; 208 min.) and day two (09:32-11:47; 96 min.).

On day one at approximately 14:17, FT was observed by field assistant H.
Bunengwa and researcher H. Yoshida to ingest the juice and some fibrous material
from the piths of two shoots of V. amygdalina (Bunengwa & Yoshida pers.
comm.). At approximately 14:33, Bunengwa made verbal contact with M.A.H.
and M.S.K., and directed us to the plant used by FT. Two shoots were discarded,
and there were distal young strips of bark and leaves left intact and the unchewed
proximal portions of the shoot. These two shoots were each approximately | ¢m in
diameter, 30 cm in length. A shoot of similar size and maturity from the same tree
was collected for further study.

At 14:37, FT was located and focal observations begin. FT and her male infant
PM (Pim: born 1988. 2) were traveling with a mixed sub-group of at least 10
members.

During these observations, gastrointestinal upset was evidenced by profuse
flatulence and uncontrolled, yellow, liquid stools. FT’s urine was clear in color.
At 15:22, 1 hr. and 5 min. after ingesting V. amygdalina, a fecal sample was col-
lected.

During this day’s observations, FT spent 17% of her time resting, once in an
elaborately made day-bed in a tree and the rest of the time on the ground. FT’s in-
fant PM frequently wandered out of view along with older playmates who solicited
him to follow. At such times, FT, apparently waiting until the last possible mo-
ment, moved to maintain minimum visible contact. With frequent pauses to rest
(36%) she slowly followed PM. When the pair reunited, FT groomed or was
groomed by either the infant or his play-partners, which resulted in a few minutes
more rest for FT. All of FT’s grooming occurred in this context and accounted for
12% of her activity. The remaining 33% of her time was spent intermittently forag-
ing on common food items: Aframomum sp. stalks, Ficus exasperata Vahl leaves,
Saba florida (Benth.) Bullock fruits, and a small amount of clay from a termite
mound. At 18:15 observations were discontinued.
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On day two, members of the previous day’s sub-group were located at 08:55 and
at 09:32 FT and PM were located in a dense forest thicket with the sub-group, ap-
proximately 700 m south of where they were last sighted on the previous evening.

Of the total observation time (96 min.), FT spent 65% of it resting, and 10%
grooming. Between rests she spent 23% of her time foraging on Aframomum sp.
stalks, Ficus sp. leaves, and a small amount of clay from a termite mound.

FT’s general condition appeared to have improved from the previous day and
her stools, although small, were now solid. Fecal samples were collected at 10:55.
Focal observations were discontinued at 11:47 when it became impossible to follow |
her through rough terrain. '

At 13:03, 22 hrs. 46 min. after she was first observed to ingest V. amygdalina,
she was relocated and identified as the capturer of an adult red colobus monkey.
She maintained possession and consumed much of the carcass, despite attempts by
two adult males, BA and AJ, to take it from her.

I1. Parasitology

According to the analyses of four fecal samples collected from FT between Oc-
tober 29 and December 24, she was found to be harboring two intestinal nematode
species, Trichuris trichiura, a Ternidens sp., and a protozoan commensulate
Troglodytella abrassarti. Inspection of the two samples collected on December 23
and 24 (20 hr. 38 min. apart), after FT’s ingestion of V. amygdalina pith, revealed
a drop in the Ternidens sp. egg count from 130 to 15 eggs/g feces.

Table 1 compares this data for FT with changes in the level of Ternidens sp. in-
fection over time with those of 7 other individuals sampled during this study period
in which feces containing Ternidens sp. eggs occurred on more than one day sampl-
ed.

The decrease in egg count observed for FT following ingestion of the pith of V.
amygdalina was not seen in other cases where multiple samples of the same in-
dividual (not observed to ingest this plant) were taken one to several days apart. A
decrease was detected in only two (adult males NS, AJ) of the other 7 individuals,
for which Ternidens sp. data was available (Table 1). For NS, a drop from 20to §
eggs/g feces was detected over a 10 day period. Such changes were not considered
significant, as they were more likely due to the low level of infection and thus low
density of eggs per sample. This is also considered to be the case in those samples
in which no eggs were detected in individuals who had tested positive for Ternidens
sp. at earlier or later trials. _

On the other hand, for AJ, the apparently most ill and most seriously infected in-
dividual monitored during this study period, a total drop of 510 Ternidens sp.
eggs/gram feces was detected over an 18 day period (Table 1). During focal obser-
vations AJ was not seen to use V. amygdalina; his steady recovery, however, may
have been associated with extended feeding bouts on the young leaves of Ficus ex-
asperata on several days during the period in which he appeared to be the sickest,
and showed the highest levels of parasitic infection, The young leaves of this plant
contain 5-methoxypsoralen, a well-known furanocoumarin. The young leaves
have been estimated to posses effective nematocidal activity when consumed in
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Table 1. Trends in level* of Ternidens sp. infection in wild chimpanzees of Mahale M Group at the
onset of the 1991-92 rainy season.

name age/sex class date (elgngf;e/cgt:g&lz:és)
Al adult male Nov. | 10
Nov. 13 15
Nov. 28 530
Dec. 16 170
Dec. 25 20
BA  adult male Nov. 4 35
Nov. 16 —_
Nov. 22 270
Dec. 13 an
BO old adult female Oct. 29 <5
Nov. 11 20
Nov. 15 —
FT adult female Oct. 29 —_
Nov. 19 —_
Dec. 23 130
Dec. 24 15
NS adult male Nov. 2 —
Nov. 4 20
Nov. 13 5
SL adult female Nov. 16 <5
Nov. {8 —
Jan., 6 45
TB adult male Nov. 4 —_
' Nov. 7 5
Nov. 16 —_
Jan. 6 33
WL adult female Oct. 28 10
Nov. 27 _
- 7 Dec. 2 140
* infection rate: eggs/g feces «McMasters technique»; eggs/g feces; —; not detected.

large quantities of 50—-100 leaves (Rodriguez & Wrangham, 1993).

For other individuals sampled, it was more often the case for Ternidens sp. egg
counts to increase over time. The average increase was 69.9 eggs/g feces
(S.D.=84, range 5-236, n=7). This increase was highly variable between in-
dividuals, but the number of days between samples did not appear to affect the
degree of measured increase (Table 1). These increases appear, rather, to reflect
the frequently observed trend for an increase in parasite infection levels and the
number of parasite species infections per individual during the rainy season
(Huffman et al., 1990; Kawabata & Nishida, 1991; Huffman et al., in prep.).

III. Phytochemistry
Quantitative analyses revealed a difference in the relative distribution of ver-
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Table 2. Comparison of the relative distribution and abundance of two bioactive compounds, ver-
nonioside B, and vernodalin, extracted by plant part from Vernonia amygdalina specimens collected in
the Mahale Mountains National Park.

sample compound young leaf m gagl}?gs;tfvrgi gh old stem
T FT 7 vernonirosidc B, 051~ 0.38 - 0.08 B
vernodalin 0.47 0.00 0.00
ABC vernonioside B, 1.19 0.69 0.61 mean value
(0.82) (0.32) (0.21) S.D
vernodalin 1.19 0.20 0.11 '
(0.47) (0.15) (0.10)

A sample of the shoot used by FT was collected on December 26, and shoot samples from trees A, B,
and C were collected on October 27 and December 22, 1991,

nonioside B, and vernodalin among the test samples A, B, C, and the shoot from
the plant ingested by FT (Table 2, 3). The reason for this is not known, but it can
be speculated that this is due to either individual differences in plants sampled from
different habitats or the longer lapse in time between collection and extraction of
the FT sample as compared to that of A, B, C. However, in all samples, ver-
nodalin occurred at relatively high levels in the young leaf but at very low levels in
the young and old stem portions. Vernonioside B,, on the other hand, occurred at
equally high levels in the young leaf portion and at lower, yet still significant levels
in the young and old stem portions. . '
Comparing the October 27 and December 22 sample sets (Table 3), there was a
noticeable, general increase in the relative abundance of vernonioside B;, par-
ticularly in the leaves. On the other hand, a relative decline in the abundance of
vernodalin, especially in the young and old stems, was noted. Interestingly, ver-
nodalin was completely absent from the stem portion of FT’s sample, strongly sug-

Table 3. Comparison of the relative distribution and abundance, by plant part, of two bioactive com-
pounds vernonioside B, and vernodalin, extracted from Vernonia amygdalina specimens collected on
October 27 (1) and December 22 (II), 1991 in the Mahale Mountains National Park, Tanzania.

young stem

sample young leaf mg/g fresh weight old stem
vernonioside B, - D
I. A 0.47 0.37 0.36
B 0.59 0.60 0.39
C 0.58 0.53 0.57
1. A 1.76 0.66 0.64
B 2.54 1.32 0.93
C 1.18 0.66 0.75
vernodalin
1. A 1.82 ' 0.51 0.06
B 2.1 ~ 0.16 0.31
C 1.9% 0.17 0.06
II. A 1.47 0.15 0.06
B 1.54 0.07 003
C 1.97 0.16 0.14
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gesting vernonioside B, to be the most likely of the two compounds responsible for
the observed effect on parasite load.

From a pharmacological standpoint, it would be valuable to compare the
amount of active ingredients contained in a ‘standard dose’ taken by humans and
that contained in the pith ingested by FT. Because neither the chimpanzees nor the
Tongwe ‘prepare’ their medicine from methanol or acetone plant extracts, the
rough estimation which follows is based on the amounts yielded by extraction with
water. :

One traditional Tongwe use of V. amygdalina in the treatment of parasitosis or
gastrointestinal upset is the preparation of a cold water extract using 2-3 crushed
leaves (approximately 10-15 g f.w.) in 300-400 ml of water. An analysis replicat-
ing this traditional method using fresh V. amygdalina leaves (3 trials) yielded
3.3-5.0 mg of vernonioside B,. Based on the data in Table 2, the pith used by FT
(60 cm, approximately 50-100 g f.w.; see methods) was estimated to have yielded
roughly 3.8-7.6 mg vernonioside B, (cold water extraction yielded approximately
20% that of methanol extraction, Izutsu, 1993), or roughly an amount equal to
that of the normal dosage prescribed to an adult Tongwe patient. In the future, a
more detailed analysis will be necessary to make closer comparison.

DISCUSSION

Previous studies have discussed a variety of behavioral adaptations for combat-
ting parasitosis and other unspecified diseases in primates. These behaviors in-
clude the alternation of sleeping sites and feeding sites (Freeland, 1980; Hausfater
& Meade, 1982; McGrew et al., 1989) and the ingestion of certain plants, possibly
for their pharmacological effect (Hamilton et al., 1978; Wrangham & Nishida,
1983; Phillips-Conroy, 1986; Takasaki & Hunt 1987; Huffman & Seifu, 1989;
Huffman & Wrangham, in press).

The latter studies cite a variety of supporting evidence, such as ethnomedical and
pharmacological information on bioactive compounds in a plant, its use restricted
to certain habitats or seasons where risk of parasitic infection is higher than in
other habitats or seasons, and observations of its use by ill individuals.

For example, Phillips-Conroy (1986) reported that Papio spp. in Ethiopia living
in areas of high susceptibility to the contraction of schistosomiasis ingest the ber-
ries of Balanites aegyptiaca (L.) Delile, whereas the Papio spp. in non-risk areas do
not. Based on these observations, she hypothesized that the baboons selected these
berries for their medicinal purposes, and identified a steroidal saponin, diosgenin,
as the likely agent responsible. Phillips-Conroy & Knopf (1986) tested this hypoth-
esis by feeding diosgenin to schistosome-infected mice. However, instead of de-
creasing the infection, they found that the diosgenin-altered hormonal environ-
ment of the mice actually augmented their vulnerablhty to the disease, resulting in
significantly increased levels of infection.

Another well-investigated example is that of ‘leaf swallowing behavior’ in chim-
panzees which was first reported in detail by Wrangham (1975, 1977) and then by
Wrangham and Nishida (1983) from the perspective of its possible non-nutritive
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value. The rough surfaced leaves of Aspilia mossambicensis (Oliv.), A. pluriseta
(O. Hoffm.) Wild, and A. rudis Oliv. & Hiern are usually selected one at a time and
placed into the mouth, whereupon they are not chewed but swallowed whole. In
addition to this peculiar method of ingestion, the presence of a powerful bioactive
compound, the dithiane polyine thiarubrine A, in the leaves of A. mossambicensis
and A. pluriseta was suggested to be of possibly anti-helmintic value to chim-
panzees (Rodriguez et al., 1985; Wrangham & Goodall, 1989). However, Page et
al. (1992) was able to confirm the presence of thiarubrine A only in the roots, not
in the leaves, of these plants collected from both Mahale and Gombe. Page et al.
(1992) succeeded, instead, in isolating two bioactive compounds, kaurenoic and
grandiflorenic acid from the leaves of A. mossambicensis at Mahale The anti-
parasitic activity of these compounds are unknown.

Where previous studies have been unsuccessful, the present study provides three
new types of key evidence, which are as follows: verification of the presence of a
bioactive constituent(s) from a sample of the individual plant actually ingested, a
clinically measured biological effect (decrease in parasite load) after ingestion, and
a quantitative chemical comparison of the amount of active constituent(s) ingested
by the study subject with a prescribed dose known to be effective in relieving symp-
toms in humans.

The observed decrease in the number of Ternidens eggs/g of FT°s feces over the
20 hour period differed markedly from the other samples collected during this
study. These results provide further support for the hypothesis that the consump-
tion of V. amygdalina by chimpanzees aids in the relief of gastrointestinal or parasite-
related disease (Huffman et al., 1990, 1992).

We do not rule out the possibility that factors other than the detected Ternidens
sp. infection could have also affected FT’s observed condition. However, infec-
tion by Ternidens can result in ulceration and cystic nodules on the walls of the
large bowel where this parasite is found in the host (Beaver et al., 1984), resulting
in overall gastrointestinal discomfort. FT’s symptoms were consistent with this
type of disease. These results do suggest that the ingestion of the bitter juices with-
in the pith of V. amygdalina, which are known to contain active anti-parasitic prop-
erties in vitro, may also have some similar effect in chimpanzees.

Due to the unlikely event of complete eradication of parasites from the host, it is
proposed that as a result of the ingestion of such plants, chimpanzees are in effect
relieving the symptoms of iliness by controlling the number of parasites carried,
keeping parasitic infection and its effects on the health of the host to a minimum.
Continued monitoring of the behavior and parasite levels of individuals with
histories of V. amygdalina use over one season is one possible way of testmg this
hypothesis.

Although preliminary, these observations are in agreement with a previous re-
port of another apparently ill adult female chimpanzee’s use of V. amygdalina at
Mabhala (Huffman & Seifu, 1989). In both cases, a visible improvement in the con-
dition of health (e.g. appetite, physical strength, urine and/or stool quality) was ap-
parent within 20-24 hours after observed ingestion of the plant. This recovery
time is similar to that recognized for local human inhabitants, the Tongwe, who
use a cold water extract prepared from leaves of the same species for ‘parasitosis’
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or gastrointestinal upset (Huffman & Seifu, 1989).

While it was estimated that FT ingested an amount almost equal to that of the
normal dosage prescribe to a Tongwe patient, the estimated figure may be slightly
inflated because the above calculation is based on yield by extraction in water, not
by chewing. Nonetheless, by this preliminary comparison, it becomes apparent
that the amount of vernonioside B, ingested by FT is comparable to the effective
dose traditionally prescribed for humans.

Investigations to determine the overall biological activity and possible synergis-
tic effect of the primary aglycones of vernonioside B;, found to occur in the pith,
are now underway. Using a number of parasite species known to infect chim-
panzees and humans as models, this information will provide a better understan-
ding of the pith’s pharmacological effect for chimpanzees, and will hopefully con-
tribute to the ongoing search for readily available, natural plant-based anti-
parasitic agents useful to humans living in tropical regions of the world.
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Potential medicinal plants for wild chimpanzees have been studied in order to
discover their physiologically qctive compounds. Tests of the physiological
activity of 3 plant species—Vermnonia amygdalina, Aspilia mossambicensis, and
Ficus exasperata—indicate that they contain a variety of active compounds.
From one species, V. amygdalina, an antitumor agent and 2 possible
antitumor promoters are identified. Furthermore, steroid glucosides were
isolated as the bitter substances. These structurally new compounds are
expected to exhibit a number of significant physiological activities. The
chemical investigation of possible medicinal plants used by chimpanzees should
be helpful in recovering naturally occurring compounds of medicinal significance
for human use.
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INTRODUCTION

Recently, observations on the consumpnon of certain plants for pos-
sible medical purposes have been reported for primates. For example,

- leaves and berries of Balanites aegyptica are eaten by Papio hamadryas and

P. hamadryas x P. anubis hybrids as a prophylactic agent against schis-
tosomiasis (Phillips-Conroy, 1986). Wrangham and Nishida (1983) re-
ported on the peculiar habits of feeding on Aspilia spp. (Compositae) by
chimpanzees (Pan troglodytes schweinfurthii). At Gombe Stream and
Mahale Mountains National Parks, Tanzania, they observed that the leaves
of three species of Aspilia were swallowed slowly, without chewing. A simi-
lar chimpanzee feeding habit was reported for Lippia plicata (Verben-
aceae) (Takasaki and Hunt, 1987). Subsequent chemical analysis of Aspilia
mosambicensis revealed the presence of a bioactive compound, thiaburine
A (Rodriguez et al, 1985). It showed wide biocidal activity, including an-
timicrobial, nematocidal, and cytotoxic effects. These findings led re-
searchers to conclude that the consumption of Aspilia spp. by chimpanzees
may be of medicinal value, possibly as an anthelminthic (Wrangham and
Goodall, 1989).

Another potentially medicinal plant, Vernonia amygdalma (Composi-
tae), is a shrub which occurs widely throughout tropical Africa. Recently,
Huffman and Seifu (1989) reported that an adult female chimpanzee con-
sumed V. amygdalina in the Mahale Mountains National Park. She chewed
the pith of several shoots of the plant, ingested the bitter juice, and spit
out the fibrous remains. She appeared to be ill at the time. She spent more
than 50% of her time lying in day beds or on the ground. This activity
pattern was abnormal compared with that of a healthy individual traveling
with her and with the usual patterns recorded for other adult females in
the group during the same season. She also exhibited loss of appetite and
:rregularlty of urination and defecation. However, within 23 hr after ingest-
ing Vemonia, she recovered gradually from lethargy and loss of appetite.
By afternoon of the second day her health had improved greatly, and she
spent extensive time traveling and/or foraging.

Local people who use a cold water infusion of V. amygdalina for in-
testinal colic, report that it takes <24 hr before she or he feels better
(Huffman and Seifu, 1989).

V. amygdalma is a well-known medicinal plant throughout tropical
Africa. It is used to treat parasitic infections and gastrointestinal disorders
(Watt and Breyer-Brandwijik, 1962; Dalziel, 1937; Kokwaro, 1976; Burkill,
1985). For example, it is an ingredient of “Ndole,” a traditional cuisine of
Cameroon that is believed to be very effective as a tonic food. Known as
“bitter leaf,” it has a strong unpleasant bitter taste. |
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In general, naturally occurring bitter substances are known to provide
'us with many valuable drugs, including quinine (antimalaria), morphine
(analgesic), humulone and lupulone (antibacterial agents), and cucurbitac-
ins (antitumor agents) (Shiba, 1976). The medicinal use of V. amygdalina
by chimpanzees is suspected because of its low frequency of ingestion, its
strongly bitter taste compared to other chimpanzee food items, the simi-

larity of symptoms displayed by an apparently ill adult female that

consumed the plant and exhibited symptoms like those that are displayed
- by humans who utilize the plant as a medicinal treatment, and its widely
recognized medicinal use against parasites and gastrointestinal disorders by
humans in tropical Africa (Huffman and Seifu, 1989).

The medicinal use of another plant, Ficus exasperata (Moraceae), by
chimpanzees is suspected because of their peculiar feeding behavior with
it, viz., they ingest its leaves slowly, singly, and without mastication (Nishida,
1990). This behavior is similar to that of chimpanzee feeding on A. mos-
sambicensis (Wrangham and Nishida, 1983).

Medicinal plants that are used by nonhuman primates should prove
to be valuable targets in the search for naturally occurring compounds of
biological or physiological significance. Although there are some difficulties
in distinguishing the relative nutritional and medicinal value of many pri-
mate plant foods, the medicinal plants used by primates may be discovered
through detailed analyses of the feeding habits and physical state of the
consumer. Here, we wish to report on the value of several potentially me-
dicinal plants from the standpoint of natural product chemistry, focusing
primarily on the case of V. amygdalina.

METHODS
Plant Materials
Specimens of Vernonia amygdalina, Aspilia mossambicensis, and Ficus
exasperata were collected from the Mahale Mountains National Park, Tan-

zania, by M.A.H. and T.N. V. amygdalina was collected near Nkanbe, in
the northwestern part of Cameroon, by K.K. and H.O.

Chemical Analyses.
Plant material (usually 100 g dry weight) was extracted with methanol

- for 10-20 days at room temperature, and the extracted-solution was con-
centrated in vacuo. A hot water extract (for 30 min in boiling water) was
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occasionally prepared. The methanol extract was separated by a solvent-
partition procedure to yield nonpolar, medium polar, polar, and most polar
fractions.

Column chromatography, and high- performance hquxd chromatogra-
phy (HPLC) were used to isolate physiologically active compounds. Gas |
liquid chromatography (GLC) was also used to analyze the compounds.
Spectroscopic analyses (MS, IR, UV, 'H- and 3C-NMR) and X-ray dif-
fraction analysis were employed to determine the chemical structures.

In Vitro Physiological Activities

Antitumor activities were assayed by measuring the growth inhibition
of mouse leukemia P-388 and L-1210 cells and by cytotoxicity against KB
cells from human tumor tissue (Doyle and Brandner, 1980). The inhibition
against trypsin activity was assayed by measuring the effects of extracts on
the hydrolysis of tosyl-L-arginine methyl ester by trypsin (Muramatsu et al,,
1965). Immunoresponse activities were examined by using a standard
plaque-forming cell method against T cell-dependent (sheep red blood cell)
and nondependent (lippopolysaccharides) antigens (Mishelle and Dutton,
1967). Antitumor promoting actmty was assayed by the inhibition of
Epstein—Barr virus (EBV) activation in Raji cells (Ohigashi et al,, 1986).
Further physiological activities (such as bleb forming and anti-bleb forming,
epidermal growth factor activation and its receptor-binding inhibition,
adenosine deaminase inhibition, antiinflammation, analgesic, antiestrogen,
and antimocrobial activities) were also tested, but no remarkable activities
were detected.

RESULTS AND DISCUSSION

In vitro tests of physiological activity of the crude methanol extract
showed antitumor activities with mouse leukemia P-388, L-1210, and hu-
man KB cells and inhibition of early antigen (EA) induction of EBV in
Raji cells. Ohigashi et al. (1986) suggested that this response is correlated
with antitumor promoting activity. Both T cell-dependent and nondepen-
dent immunosuppressive activities were also detected. Further separation
by the solvent-partition procedure (Fig. 1) yielded four fractions, Fr-A
(nonpolar) Fr-B (medium polar), Fr-C (polar), and Fr-D (most polar). As
shown in Fig. 1, the antitumor activities were detected in Fr-B. Inhibitory
actmty of EBV-EA induction was detected in both Fr-A and Fr-B, and
immunosuppressive activity was detected in Fr-B. Here, we first focused
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Methanol extract of V. aygdalina
——partitioned: n-hexane-methanol-water

(5:9:1)
Upper phase, Fr-A Lower phase

(ATPro) __partitioned: ethyl acetate-water

: (1:1)

Upper<pﬂggé, Fr-B Lduer'phase 7
(AT, ATPro, ISA) —partitioned: n-butancl-water
-charcoal {(1:1) ‘

(water-methanol) Upper phase, Fr-C Lower pﬁase, Fr-D

(BTA)

60X Methanol eluate, Fr-E 80 and 100X Methanol eluate, Fr-F
{AT) (ATPro, 1SA)

Fig. 1. Fractionation procedure and physwloglcal activities of the fractions. ATPro, antitumor
promotmg activity; AT, antitumor activity; ISA, immunosuppressive activity; BTA, bitter taste
activity.

on the constituents of Fr-B, in particular on“the antitumor agent(s) and
the inhibitors against EBV-EA induction.

Fr-B was chromatographically purnf:ed as shown in an 1, giving two
fractions, Fr-E and Fr-F, which contained an antitumor agent(s) and in-
hibitors of EBV-EA induction and immunosuppressor(s), respectively.
Further chromatographical separation of Fr-E yielded an antitumor agent,
which was identified as vernodalol (1; Fig. 2), an elemane-type sesquiter-
pene lactone (elemanolide). Vernodalo] was first isolated as a bitter prin-
ciple of Vermonia anthelmintica, a plant closely related to V. amygdalina
(Asaka et al, 1977). Ganjian et al. (1983) isolated it as an insect an-
tifeedant from V. amygdalina. It was also synthetically derived from an
antitumor agent, vernodalin, isolated from V. amygdalina (Kupchan et al.,
1969).

In the assays which we applied to the P- 388 and L-1210 cells, ver-
nodalol completely inhibited the growth of both cells at a concentration
of 5 pg/ml. Although vernodalol was less active than the most active agent,
S-fluorouracil, it ranked as potent as a naturally occurring antitumor
agent. ,

The in vitro antitumor activities were also detected in other fractions,
and active constituents were thought to be vernodalol-refated elemanolides
as reported by Kupchan et al. (1969) and Rodriguez et al. (1976). However,
vernodalol amounted to >2.7% of Fr-B by quantitative analysis using
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Yernodalol (1)

Fig. 2. Structure of vernodalol.

HPLC. Thus, vernodalol might be a major component of the antitumor
agents found in V. amygdalina.

The main inhibitors of EBV-EA induction in Fr-F were determined
by GLC to be linoleic (2) and o-linolenic acid (3) (Fig. 3). Both acids in-
hibited EA induction by 40 ng/ml of a tumor promoter, TPA (Hecker,
1963), in the dose-response manner shown in Fig. 3. Tumor promoters are
compounds that have no carcinogenic activity, but they act on cells that
are initiated by carcinogenes to promote rapid tumor formation. Thus, the
two-stage carcinogenesis by mxtlatnon-promotxon has recently been ac-
cepted.

Application of inhibitors of promotion (antitumor promoters) is rec-
ognized as a new approach to the chemoprevention of cancer
(Wattenberg, 1985; Ohigashi et al., 1986). The inhibition of EBV-EA in-
duction in Raji cells is now evaluated as a short-term method to find
antitumor promoters (Ohigashi et al, 1986; Tokuda et al., 1986). The in-
hibitory activity of both acids (ICso = 15 pg/ml) was higher than that of
retinoic acid (ICsq = 25 pg/ml), a well-known potent antitumor promoter,
suggesting that both acids are effective antitumor promoters.

The double bonds in the fatty acids should play an important role in
this activity, because stearic acid, a saturated Cg-fatty acid, was inactive
(Fig. 3). On the other hand, o-linolenic acid has been reported to be ef-
fective for the prevention of certain geriatric diseases, cancers, cerebral
apoplexy, and allergic diseases, while linoleic acid is known to promote or
to enhance them (Okuyama, 1990). / ,

The relative ratio of a-linolenic acid-to-linoleic acid content was de-
termined to be approximately 2.0, which is much higher than those of
common edible oils from sesame, safflower, and soybean seeds (Potter,
1968). Although it is still uncertain whether the total amount of these un-
saturated fatty acids is larger, and if the ratio (2.0) of a-linolenic-to-linoleic
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Fig. 3. Inhibitory activity of linoleic acid and a-linolenic acid against EBV-
- EA induction by TPA.

acid is higher in V. amygdalina than in other common vegetables, the fact
that it is eaten by native people in Cameroon as a vegetable substitute may
be significant from a physiological viewpoint.

The strong bitter taste was detected not in Fr-B-containing vernodalol
but in the polar fraction, Fr-C. Purification monitored by a sensory test

using the paper disk method afforded five bitter substances (BS-A-BS-E)

and two related compounds (non-BS-F and G).
Figure 4 shows the purification scheme and yield of each compound

together with the threshold value (BT) of the bitter taste. Among the

isolated bitter substances, the structures of BS-A and BS-B were eluci-
dated thus far as § and 6 by comparison of the spectral data with those
for non-BS-F (4), whose structure was determined by X-ray diffraction
analysis of its aglycon (Fig. 5). Thus BS-A and BS-B are new stigmas-
tane-type steroid glucosides. Their bitter tastes were indicated by the
oxygen-functional groups at C-16. The steroidal aglycons-were structurally
quite new, especially in the oxldatnon pattern of the side-chain part (Cy-

Cys).
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Fr-C (17.6 g) (ET 50 ug) .
— Amberlite XAD-2 (water- methanol)
80X Methenol eluate (8.4 g) (BT=20 pg)
L Wako gel C-100 (chloroform-methanol)
7.5-10% Methanol eluate (4.2 g) (BT=18 ng)
F—Silica gel 60H (toluene-acetone)
Active fraction (2.1 g) (BT=15 ng)
ODS gel (water-methanol)
Active fraction (800 mg) (BT=12 pg)

—prep. HPLC on uBondeshere C;g
(water¥acetpnitrile)

I ] I T . f 1
BS-A BS-B BS-C BéEgi BS-E non-BS-F non-BS-GC
{31.2 mg)(21.2 mg)(13.7 mg) (9.2 mg) (2.7 mg)(217 mg) (37.9 mg)
BT=5 ug 7 pg 5 ug 15 pg 10 ug »200 pg >200 pg

Fig. 4. Purification procedure and threshold value (BT) of the fractions.

Steroids and their metabolites, e.g., hormones and vitamins, are
known to exhibit various physiological activities. Accordingly, it is important
to learn what kinds of physiological activities might be exhibited by these
new steroid glucosides and their aglycons.

Table I shows the physiological activities of the extracts of 4. mos-
sambicensis and F. exasperata. A. mossambicensis exhibited antitumor
activities in the polar fraction and immunosuppressive activities in the me-
dium polar and polar fractions. Inhibition against trypsin activity was also
detected in the polar and nonpolar fractions. | |

F. exasperata showed antitumor activities in three fractions and re-
markable inhibition against trypsin activity in two fractions.

The implications of chimpanzees foraging on plants for their me-
dicinal value are intriguing. The potentially medicinal plants used by wild
chimpanzees and analyzed here contain a wide variety of potent physi-
ologically active compounds. While our chemical tests were not
specifically directed at diseases carried by chimpanzees in the wild, their
active biocidal properties lend further support to natural historical ob-
servations on the use of these plants for medicinal purposes by
chimpanzees and humans.

For instance, Huffman and Seifu (1989) suggested that chimpanzees
consumed Vernonia amygdalina in response to parasitic infection or possibly
related gastrointestinal disorders. Gasquet et al. (1985) isolated vernolide,
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a vernodalol-related sesquiterpenoid, from Veronia colorata as an anti-
parasitic compound. Occurrence of vernolide has also been known in V.
amygdalina (Kupchan et al, 1969). Currently Huffman is investigating the
relationship between the use of V. amygdalina and parasitic infection, and
we plan to combine these data with further biochemical tests of the actual
effectiveness of V. amygdalina and other plants used by the Mahale chim-
panzees on parasites that actually infest them.

The study of medicinal plant use by nonhuman primates opens a new
area of primate studies, which promises to expand the complexity of pri-
mate behavior. Further, it may provide a novel means to find and to exploit
naturally occurring compounds for human medicine.
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Vernonia amygdalina (Compositae), which is known for its very bitter
taste, is a plant that has been reported for its possible medicinal use by
wild chimpanzees. In a previous study, we found two classes of bitter
compounds in this plant: novel sigmastane-type steroid glucosides?-*; and
four known sesquiterpene lactones, vernodalin (1), vernolide (2), hy-
droxyvernolide (3), and vernodalol (4).*) Based on the presumption that
a chimpanzee observed to ingest this plant was likely to be suffering from
a parasite-related disease,! the in vitro antischistosomal activity of these
bitter and related compounds has previously been investigated.® In
addition, antitumoral and antibacterial activities were found in a partially
purified fraction containing 1-3. This report describes the in vitro
antitumoral activity against mouse leukemia cells, P-388 and L-1210, and
the antibacterial activity against Gram-positive bacteria, Bacillus subtilis
and Micrococcus lutea.

Compounds 1, 2, and 3 were obtained (2.3g, 52.5 and 70.1 mg, re-
spectively) from the ethyl acetate-soluble part of a leaf extract (800 g).*
The occurrence of 3 in V. amygdalina was first found in this study.
Compound 4 was obtained as an artifact from 1 after extracting with
methanol. Compounds 1, 2, and 3 tasted more bitter (bitterness: 0.8, 1.2,
and 1.0 ug, respectively; see Table) than bitter steroids glucosides.?

Kupchan ez al. have reported the antitumoral activity of 1 and 2, using
KB cells, and also pointed out the importance of the a-methylene-y-
lactone for this activity.®” However, the antitumoral activity against such
leukemia cells as P-388 and L-1210 have not been investigated for 14
and their derivatives, except for the in vivo activity of the homologous
compounds, vernolepin (5) and vernomenin (6).*' Therefore, the in vitro
antitumoral activity against P-388 and L-1210 cells was tested for 1-4 and
some of the derivatives (5-10) of 1 shown in Fig.

As shown in Table, vernodalin (1) and vernolide (2) exhibited potent
activity (IC;, for P-388 and L-1210 cells: 0.11 and 0.17 ug/ml for 1 and
0.13 and 0.11 pg/ml for 2, respectively), while the activity of hydroxy-
vernolide (3) and vernodalol (4) was weak. The lower activity of 3 com-
pared with 2 could be explained by the loss of hydrophobicity in the acyl
moiety. On the basis of the results for 1, 5, and 6, the presence of the

hydroxymethacryloyl moiety was not significant for the activity of the
vernodalin-related compounds. However, it may still be possible that
the activity of 1 can be increased if the acyl moiety is changed to a more
hydrophobic group (methacryloyl group) as in the case of 2. 4,15-Dihy-
drovernodalin (7) and 1,2,2,3-tetrahydrovernodalin (8) showed no
significant change in activity compared to that of 1. However, when
the 41113 double bond of 8 was saturated (compound 9), the activity was
much less. Moreover, 4 was less active than 1, and 10 was inactive even at
50 ug/ml. Thus, the importance of the a-methylene-y-lactone was -also
indicated for the antitumoral activity of 1 against P-388 and L-1210cells.

The antibacterial activity of 1~10 against two Gram-positive (Bacillus
subtilis and Micrococcus lutea) and two Gram-negative bacteria
(Escherichia coli and Agrobacterium tumefaciens) (see Table) was mea-
sured by the pulp disc method. None of the compounds tested here
exhibited activity against the two Gram-negative bacteria. However,
compounds 1, 2, 3, 5, 6, and 7 strongly inhibited the growth of B. subtilis
and M. lutea at 5pug/disk. The activity of the vernodalin derivatives
decreased in the order of 8>9=4, and 10 was inactive at 50 pg/disk.
This structure-activity relationship correlates with that found for the
antitumoral activity. :

Interestingly, while the antitumoral and antibacterial activities of 10
were insignificant, its degree of bitterness was quite high (see Table). Only
vernodalol (4) had low bitterness, suggesting that either «-methyl- or
a-methylene-y-lactone is important for the bitter taste of the vernodalin-
related compounds. ’

Experimental

Preparation of the derivatives of 1. The structures of the derivatives of
1 prepared as next described were confirmed by IR, MS, and 'H-NMR
spectra (data not shown), although the configuration of the newly formed
methyl groups is unknown. ’

Vernolepin (5) and vernomenin (6); Vernodalin (1, 50.7mg) in dioxane
(3.5ml) was hydrolyzed with 5% KOH (0.7 ml) at room temperature for
Lh. The product was then refluxed in dry benzene (9ml) containing

10

Fig. Structures of the Sesquiterpene Lactones.

1
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Table Biological Activity of the Sesquiterpene Lactones

Antitumoral Antimicrobial
Bitterness activity activ‘ity
Compound IC,o (ug/ml) (ug/disk)
. (1g)
P-388  L-1210  B. subtilis M. lutea

Vernodalin (1) 0.8 0.11 0.17 5 5
Vernolide (2) 12 0.13 0.11 5 5
Hydroxyvernolide 10 . 0.92 1.25 5 5

3
Vernodalol (4) 70.0 0.32 0.61 50 50
Vernolepin (5) 1.2 0.12 0.29 5 5
Vernomenin (6) 1.0 0.17 0.32 5 5
4,15-Dihydro- 0.8 0.07 0.15 5 5

vernodalin (7)
1,2,2',3-Tetrahydro- 2.5 0.14 0.26 10 10

vernodalin (8)
1,2,11,13,2",3-Hexa- 2.4 0.52 1.00 50 50

hydrovernodalin

(&)
1,2,4,15,11,13,2',3- 0.4 >50 > 50 >50 > 50

Octahydroverno-

dalin (10)

p-toluenesulfonic acid (8 mg) for 90 min to yield 5 and 6 (10.1 and 7.2mg,
respectively).® Dihydrovernodalin (7): Vernodalin (1, 57.7 mg) in MeOH
(2ml) was reduced with NaBH, (2 mg) at 0°C for 8 min to yield 7 (8.2 mg).
1,2,2’,3-Tetrahydrovernodalin (8) and 1,2,11,13,2’,3"-hexahydrovernoda-
lin (9): Vernodalin (1, 138 mg) in EaOAc (20 ml) was hydrogenated over
5% Pd-C (50mg) to yield 8 and 9 (12.0 and 18.3mg, respectively).
1,2,4,15,11,13,2,3'-Octahydrovernodalin (10): Hexahydrovernodalin (9,
9.48 mg) in EtOH (1 ml) was reduced with NaBH, (1.13mg) at 0°C for
10min to yield 10 (4.89 mg).

Determination of bitterness. The minimum threshold level for bitterness
was determined by tasting-a filter paper (1 cm?x0.2mm thick) soaked
with a known amount of the test compound.®

Determination of the in vitro antitumoral activity. P-388 or L-1210 mouse
leukemia cells (1 x 10* cells) were incubated in RPMI 1640 medium
supplemented with 10% fetal calf serum and a known amount of the test

compound under 5% CO, at 37°C. After a 3-day incubation period, the
number of cells was compared with that in the control medium without
the test compound.® The concentration for a 50% inhibition (IC,) of cell
proliferation was determined.

Determination of the antibacterial activity. The bacteria were preincubat-
ed for 24 h in a shaken liquid medium (meat extract, 0.5%; peptone, 1%;
NaCl, 0.5%). A portion of the precultivated medium (0.1 ml) was poured
uniformly onto an agar medium (agar, 1.5%; extract, 0.5%; poptone, 1%;
NaCl, 0.5%) in a Petri dish (8.5cm diameter, 5ml of medium). A paper
disk (8 mm diameter x 0.5mm thick) containing a known amount of the
test compound was placed on the agar medium, which was then incubated
for 24h at 37°C. The minimum inhibiting dose per disk to form an
antimicrobial zone was determined.
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Abstract—Three new stigmastane-type steroid glucosides, vernonioside A,, B, and B, as well as the aglycone of A,,
were isolated from Vernonia amygdalina, a possible medicinal plant used by wild chimpanzees. Vernonioside A, and its

aglycone were bitter but others were not.

INTRODUCTION

Vernonia amygdalina, a shrub or tree growing throughout
tropical Africa, is reported to be a possible medicinal
plant used by wild chimpanzees [1]. As a part of an
investigation of the bioactive constituents of this plant,
we have previously reported three bitter steroid glucos-
ides, vernoniosides A,, A, and A, and a related non-
bitter glucoside; vernonioside B, [2, 3]. In a subsequent
investigation, we isolated another new bitter steroid
glucoside, vernonioside A,, and its aglycone, as well as
two nonbitter related glucosides, vernonioside B, and B,.

RESULTS AND DISCUSSION

A methanolic extract of the dried leaves was parti-
tioned with n-hexane-methanol-water (5:9:1), and the
lower layer (Fr-1) was further partitioned with ethyl
acetate—water (1:1) to yield a bitter aqueous layer. When
this aqueous layer was re-extracted with n-butanol, the
bitterness was collected in the n-butanol-soluble part.
This was chrométographed on silica gel with
chloroform-methanol to yield a bitter fraction, which was
further separated by ODS gel with methanol-water to
yield 60 (Fr-2), 70 (Fr-3) and 80% (Fr-4) methanol
eluates. Fr-2 contained a compound seen as a character-
istic orange spot on an ODS TLC plate {R,0.47,
methanol-water (18:7)} sprayed with vanillin—sulphuric
acid and then heated. The compound corresponding to
this spot was purified by chromatography on ODS and
then by preparative HPLC (uBondasphere C,,) to yield

*Present address: Department of Bioresources Sciences, Fa-
culty of Agriculture, Shimane University, Matue 690, Japan.
§Author to whom correspondence should be addressed.

vernonioside A, (1). Fr-3 also contained a compound
showing an orange spot similar to 1 on an ODS TLC
plate {R,0.38, methanol-water (3:1)}. This compound
was purified by preparative HPLC (uBondasphere C,,)
to give la. Vernonioside B, {3, R;0.35, methanol-water
(3:1) on an ODS TLC plate, yellow} was obtained from
Fr-4 by preparative HPLC (uBondasphere C,4). On the
other hand, the ethyl acetate-soluble part obtained from
Fr-1 was separated on silica gel and then by preparative
HPLC (pBondasphere C,g) to yield vernonioside B, (2),
which could be seen as a blue spot on an ODS TLC
plate {R,0.20, methanol-water (3:1)} sprayed with
vanillin-sulphuric acid and then heated.

The FAB mass spectrum (m/z 649, MH™) data of
vernonioside A, (1) and the HREI mass spectral data (m/z
486.2969, calcd for C,,H,,04, 486.2981) of its natural
aglycone (1a) obtained by enzymatic hydrolysis indicated
that the molecular formula of 1 is C;H,0,, (M, 648).
The 'H and *3C NMR spectra (Tables 1 and 2) of 1 were
very close to those of vernoniosides A, (4) and A, (5), and
all the other related compounds A; (6), and B, (7)
reported [3], suggesting that 1 is also a stigmastane-type
steroid glucoside. The presence of a B-orientated B-
glucosyl moiety at C-3 of the aglycone was indicated by
comparison of the }3C NMR data arising from the sugar
part and from C-2, C-3 and C-4 (630.2, 76.9 and 34.5,
respectively) of the aglycone with those of 4-7 [3]. The
'H-'H and 'H-'3*C COSY NMRs showed the connectiv-
ity of C-17-C-16-C-15-C-14. The chemical shift of H-14
(62.91) was largely shifted from that of vernonioside A,
(4), but close to that of vernonioside A, (5) (Table 1). This
shows that the 16-hydroxy group is a-orientated [4].
Further evidence for the configuration of the hydroxy
group at C-16 was obtained by noting the close chemical
shifts of H,-18 (80.66) and H,-15 (62.22) to those of
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vernonioside A, (5) (Table 1) [3, 4]. Further NMR data,
along with the UV absorption maxima at 234, 241 and
251 nm clearly showed the presence of A7°1 diene [5].
H-17 appeared as a broad doublet at a lower field (63.17,
J=6.9 Hz) than those of other vernoniosides (4-7) pre-
viously reported [3]. Moreover, long range couplings
between H-17 and H-22, and between H-17 and H-23,
were shown by the 'H-'H COSY NMR spectrum. These
data, together with both the **C NMR data of C-20, C-22
and C-23(6135.8, 151.5 and 83.6, respectively) and the IR
absorption band at 1735 cm ™, indicated the occurrence
of an o, B-unsaturated-y-lactone in 1 in place of a satura-
ted y-lactone in A;-A; and B,. The presence of the
isopropyl group (C-25, C-26 and C-27) was confirmed by
the 'H-'H and 'H-!3C COSY NMR. A tertiary carbon
signal at §70.4 coupled to a methine proton at 54.41 and a
quaternary carbon signal at §79.1 were, therefore, at-
tributed to C-28 and C-24, respectively. The configura-
tions at C-23, C-24 and C-28 of 1 were unresolved. The
co-occurrence of the natural aglycone (1a) of 1 in Fr-3 was
proved during the purification process of 1-3.

The FAB mass spectral data of vernonioside B, (2)
showed a peak at m/z 703 [M + Na]* which shifted to m/z
719 [M+K]* when KBr was added to the matrix. The
HR-EI mass spectral data of its natural aglycone (2a)
obtained by enzymatic hydrolysis indicated a peak at m/z
500.3118, which was considered to be an [M—H,0]"*
ion (calcd for C3oH,40s, 500.3138). These data revealed
that the molecular formula of 2 is C36Hs50, (M, 680).
The UV spectrum indicated absorption maxima at 235,
242 and 251 nm, characteristic to the A7-°! V-diene chro-
mophore [5] which was further confirmed by the similar-
ities of 'H and '3C NMR signals (Table 1) arising from
the steroid-cyclic system of 2 to those of other vernonio-
sides. The 'HNMR data of H-14, H,-15 and H,-18
suggested that the oxygen substituent at C-16 was o-
orientated as in the case of 1 and 5. The IR and '3C NMR
spectra of 2, however, indicated the absence of either o8-

R, R; R,

2 OGlc OH OH
2a OH OH OH
2b OAc OAc OAc

Rs R¢ R,
OGlc «-OAc, H H
OGic B-OH,H H
OH Bf-OH,H H
OGlc a-OH,H H
OH oOH,H H
OGle (¢] H
OH o H
OGle H, H OH
OH H, H OH

unsaturated or saturated y-lactone, commonly present in
vernoniosides hitherto described. The 'H-'H and
IH-13C COSY NMR spectra clearly proved the connec-
tivities of C-23-C-22-C-20-C-17-C-16-C-15-C-14 and C-
20-C-21. The chemical shifts of C-21 (699.1) and H-21
(65.90) suggested that C-21 forms either a hemiacetal or
an acetal. The 'HNMR spectrum of the acetylated
natural aglycone (2b) showed downfield shifts of the
signals due to H-3, H-16 and H-21 (from 63.84, 4.45 and
591 in 2a to 64.8, 5.74 and 6.58 in 2b, respectively),
confirming C-21 to form a hemiacetal. The presence of the
isopropyl group (C-25, C-26 and C-27) was also shown by
the 'H-'HCOSY NMR spectrum of 2. A quaternary
carbon signal at §113.1 together with singlet methyls at
51.60 (H;-29) and §3.33 (OMe) proved the formation of a
methyl ketal at C-28. The remaining quaternary carbon
signal at §82.0, therefore, was assigned to C-24. The
NOESY spectrum recorded by a phase sensitive mode
showed significant cross-peaks between H-20 and each
proton at C-21, 22 and 23, H-22 and each proton at C-21
and C-23, H-23 and one of the methyl (51.29) of the
isopropyl group, and H-22 and the methoxy group
showing that all of the hydrogens at C-20-C-23, and the
isopropyi and the methoxy groups are f-orientated. The
B-glucosyl moiety at C-3 should also be f-orientated on
the basis of 'H and !3C NMR data. Thus, the structure of
2 was deduced for vernonioside B,. HPLC analysis
showed that vernonioside B, exists as an equilibrium
mixture of two compounds (2: minor compound, 4:1, R,
=7.2 and 5.2 min, respectively) in 45% aqueous aceto-
nitrile at 20°. The conversion of 2 to the minor compound
was suppressed by preparation of the aqueous aceto-
nitrile solution under cooling. The minor compound
must be either the 21-formyl-23-hydroxy form (2c) or the
anomer of 2. The formation of methyl ketal at C-28 could
have possibly occurred during the extraction step. It is
very interesting that a steroid glucoside VE-1, which
forms a hemiacetal at C-21, has been isolated from
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Steroid glucosides from Vernonia amygdalina

Table 1. *HNMR assignments of compounds 1 and 2

H 1 2 4* 5*
1o 1.23 1.21 1.30 1.26
18 1.79 1.82 191 1.86
20 2.14 2.12 , 2.18 2.16
28 1.70 1.72, brd 1.72 1.71
J=13.7Hz
3a 393 397 396 m 395
4o 2.00 2.03 207 2.02
48 1.40 . 1.43 1.48 1.41
Sa 1.32 1.36 S K v/ 1.34
6o 1.82 1.85 . 1.83 1.82
68 1.82 1.85 1.83 1.82
7 541 543, brs 5.44, br s 540, br s
11 545 548, brd 5.56, br d 5.50, br d
J=62Hz J=63Hz J=59Hz
120 2.17 221 2.19 234
128 2.59 2.54 3.12,dd 2.77, dd
J=17.8, 6.7 Hz J=174, 6.6 Hz
14a 291 283, m 2.24 2.82
150 222 221 2.53, dt 2.16
J=1238, 6.9, 69 Hz
158 222 2.08 1.91 2.16
16 — _— 4.65, br s —_
168 5.17 4.55 — 4.58
17 3.17, brd 2.58 1.89 2.37
J=69 Hz
18 0.66, s 0.65, s ’ 1.18, s 0.75, s
19 0.79, s 0.86, s 0.89, s 0.85, s
20 — 232, m 337, m 3.07, m
21 e 590, br d — e
J=32Hz
22 8.02, s 4.73, dd 228, m 232
J=6.0, 6.0 Hz
’ 273, m 252, q
J=11.8 Hz
23 5.75, s 486,d ) 4.89, dd 493, dd
J=6.0Hz J=9.9, 59 Hz J=10.6, 5.5 Hz
25 2.48, heptet 2.39 i 1.89 1.86
J=72Hz
26 1.25,d 1.15,d 1.07,d 1.08,d
J=6.8 Hz J=6.6 Hz J=72Hz J=72Hz
27 1.27,d 1.29,d 1.28,d 1.28,d
J=73Hz J=6.7THz J=7.1Hz J=70Hz
28 441 — 298, q 301, ¢
, J=53Hz J=5.6Hz
29 1.59,d 1.60, s ) 1.23,d 1.19,d
J=62Hz J=55Hz ) J=55Hz
1t 5.00, d 5.03,d 507,d 501,d
J=72Hz J=79Hz J=7.6Hz J=7.6Hz
2't 4.04 403 407 4.06
3t 433 432 4.38 4.31
4'% 426 427 . 4.30 , 427
5't 3.94 4.02 4.00 . 3.96
6t 439 4.38 438 .. 4.40, br dd
} J=119, 50 Hz
4.59, brd 46 " 4.60 4.57, brd
J=112Hz ) 'J=10.00 Hz
OMe — 333, s — — '
*Data from ref. [3].
+The carbons of glucose.
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Table 2. '3C NMR assignments of compounds 1, 1a,2,2a and 3

C 1 1a 2 2a 3 4* 5*

1 349 352 349 352 349 350 349
2 302 326 301 325 301 301 301
3 769 702 770 702 770 771 770
4 345 388 345 388 345 345 345
5 391 396 391 396 392 393 392
6 301 303 302 304 301 303 302
7 1213 1215 1213 1215 1216 1206 1210
8 1327 1327 1358 (135 1350 1361 1359
9 1443 1446 1441 1443 1442 1442 1441

10 36.2 363 362 362 362 362 362
11 1184 1184 1186 1186 1183 1195 1188
12 408 409 417 418 408 418 413
13 446 447 436 437 431 429 433
14 49.6 49.7 49.1 492 489 502 492
15 357 358 352 353 330 370 360
16 745 746 762 763 768 721 749
17 587 588 560 561 563 571 601
18 140 141 145 146 139 139 139
19 194 196 195 197 194 196 195
20 1358 1358 485 486 397 387 403
21 1751 1751 991 992 1773 1784 1780
22 151.5 1515 810 810 291 311 293
23 836 836 9.1 912 770 773 714
24 791 791 820 820 641 642 640
25 327 328 324 324 298 298 297
26 188 188 174 175 187 187 187
27 188 188 185 185 187 189 189
28 704 704 1133 1134 553 553 554
29 191 191 174 175 132 132 132
1+ 1023 — 1023 — 1023 1023 1023
2t 753 — 753 — 753 754 753
¥t 786 — 786 — 787 187 786
4t m7 — 718 — 1.8 7.7 717
5t 85 — 784 — 785 785 185
6't 629 — 629 — 629 629 629
OMe — — 485 485 — — —

OCOMe — — — — 212 — —

170.7

*Data from ref. [3].
+The carbons of glucose.
1Obstructed by the signals of pyridine-d.

Vernonia extensa by Sakai et al. [6]. 16-Oxygenated
stigmastane-type steroids and their glucosides may be
rich in Vernonia species.

Vernonioside B, (3), C;,H,,0,,, was indicated to
contain an acetyl group by the IR (1725cm™!), and

'HNMR (62.04, 3H) spectra. The *C NMR spectrum

corresponded well to that of § except for the chemical
shifts of C-15, C-16 and C-17 as shown in Table 2. The
upfield shifts of C-15 and C-17 and the downfield shift of
C-16 of 3 from those of 5 indicated that the 16-hydroxyl
should be acetylated. This was further supported by the
'H NMR spectrum, where an acetylation shift of H-16 by
0.95 ppm was observed as compared with that of 5.
The bitter activities (BA) of 1-3, and the aglycones 1a
and 2a were determined by the threshold amount using a
filter paper tasting method [3]. The bitterness of 1 and 1a

(BA:30 and 7 ug, respectively) were comparable to that of
quinine sulphate (BA: 17 ug). Interestingly, the aglycone
1a tasted more bitter than the glucoside 1, while the
aglycones 4a, 5a and 6a (BA: 130, 150 and >200 pug,
respectively) tasted less bitter than their glucosides 4-6
(BA: 5, 5 and 7 ug, respectively) as reported previously
[3]. It may be possible that the glycol group at C-24 and
C-28 in vernonioside A, (1) acts as a hydrophilic portion
in place of a sugar moiety. Excess hydrophilicity could
result in the loss of bitterness. Thus, the balance between
hydrophilicity and hydrophobicity in a molecule must be
important for the bitterness of this compound. Vernonio-
side B, (2) and its aglycone (2a) did not taste bitter (BA:
> 200 ug for both). Furthermore, vernonioside B, (3) (BA:
>200 ug), the 16-acetate of 5, lacked bitterness, sugges-
ting that the free hydroxyl (4 and §) at C-16 is important
for bitterness.

EXPERIMENTAL

General remarks. All melting points were measured on
a Yanagimoto microapparatus and are uncorr. The fol-
lowing spectroscopic and analytical instruments were
used: UV, Shimadzu UV-200; IR, Shimadzu IR-435
(KBr); optical rotation, JASCO model J-5; 'H and
I3CNMR, Brucker AC250 (250 MHz for 'H, ref. TMS)
and Varian VXR-200 (200 MHz for 'H, ref. TMS); MS,
JEOL JMS-DX300 (70 eV, 300 nA).

Isolation of vernonioside A, (1), its aglycone (1a), B, (2)
and B; (3). The methanolic extract of the dried leaves of V.
amygdalina (dry wt 1.0kg) was partitioned with n-
hexane-MeOH-H, 0 (5:9:1) to yield a bitter lower layer
(Fr-1), which was further partitioned with EtOAc-H,0.
The lower layer was extracted with n-BuOH to yield a
bitter n-BuOH-soluble part. The n-BuOH-soluble part
was chromatographed on silica gel eluted stepwise with
CHCl;-MeOH to give a 20% MeOH eluate. The eluate
was further chromatographed on ODS gel with
MeOH-H,0 to yield 60 (Fr-2), 70 (Fr-3) and 80% (Fr-4)
MeOH eluates. Fr-2 was purified by prep. HPLC on
uBondasphere C,g {19 x 150 mm, MeCN-H,O (7:18),
8 mimin~!} to yield vernonioside A, [3B-glucosyl-
7,8,9,11,20,22-hexadehydro-160,24¢&,28¢-trihydroxy-Sa-
stigmastane-21,23-carbolactone (1), 59.6mg, R,

* 21.0min]. Vernonioside A, (1): mp 242-243° (from

MeOH); [«]3* —39.6° (MeOH; c0.10); FABMS (NBA),
mjz:649 [M+H]*, 671 [M +Na]*; UV M1 nm (log &):
229 (4.26)sh, 234 (4.28), 241 (4.28), 251 (4.11); IR
VEBr cm~1: 3350, 1735. The 70% MeOH eluate was
purified by prep. HPLC on uBondasphere C,q
(MeCN-H,O0, 7:13) to yield the naturally occurring
aglycone (1a) of 1(21.3 mg, R,25.1 min). The aglycone (1a)
of vernonioside A, (1): [«]32 —36.8° (MeOH; ¢0.57); UV

MeOH nm (loge): 228 (4.11), 234 (4.18), 242 (4.18), 250
(3.95); IR vKB: cm ™ 1: 3350, 1730; FABMS (NBA) m/z: 487"
[M+H] *; HR-EIMS 70 eV, m/z: 486.2951 (M *; calcd for
C,oH,,0¢, 486.2982); 'HNMR (250 MHz, pyridine-d,):
60.70 (3H, s, H-18), 092 (3H, s, H-19), 1.26 (3H, d, J
=6.9 Hz, H-26), 1.28 (3H, d, J=6.8 Hz, H-27), 1.39 (H-
1a), 1.49 (H-5), 1,58 (H-4p), 1.60 (3H, d, J =6.5 Hz, H-29),
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1.75 (H-2B), 1.87 (2H, H-4w), 1.88 (3H, H-18, H-60, H-68),
2.11 (H-2a), 2.25 (2H, H-15«, H-15p), 2.28 (H-12a), 2.50
(1H, heptet, J =7.0 Hz, H-25), 2.59 (1H, br d, J = 16.5 Hz,
H-12p), 2.95 (1H, m, H-14), 3.20 (1H, br d, J=7.2 Hz, H-
17), 3.83 (1H, m, H-3), 442 (1H, g, J=6.3 Hz, H-28), 5.20
(1H, m, H-16), 546 (1H, brs, H-7), 553 (1H, brd, J
=5.5Hz, H-11), 5.77 (1H, s, H-23), 8.03 (1H, s, H-22).
Vernonioside B, {(235,24R,28S)-16B-acetoxy-3p-glucosyl-
7.8,9,11-tetradehydro-24,28-epoxy-3a-stigma-stane-21,23-
carbolactone (3), 28.4 mg} was isolated from the 80%
MeOH ecluate by prep. HPLC{uBondasphere C,q, 19
x 150 mm, MeCN-H,0 (2:3), 8 mImin~!, R, 28.5 min}.
Vernonioside B; (3): [«]32 —7.6° (CHCl;; ¢ 0.39); UV
MOH nm (log &): 227 (4.00), 235 (4.15), 242 (4.20), 250
(4.04); IR vXB: cm™1: 3350, 1760, 1725; FABMS (NBA)
m/z: 697 [M+Na]*, (NBA+KBr) m/z: 713 [M+K]";
!HNMR (260 MHz, pyridine-ds): 50.70 (3H, s, H-18),
0.82 (3H, 5, H-19),1.07 (3H, d, J =7.2 Hz, H-26), 1.26 (3H,
d, J=6.9 Hz, H-27), 1.26 (3H, d, J=5.5 Hz, H-29), 1.26
(H-1a), 1.36 (H-5), 1.39 (H-4p), 1.72 (H-2p), 1.81 (H-6¢, H-
6p), 1.87 (H-1p), 1.88 (H-15p), 1.89 (H-25), 2.00 (H-4x),
2.04 (3H, s, OCOMe), 2.1 (H-2«), 2.13 (H-15w), 2.23 (H-
22a, H-22), 2.28 (H-120a), 2.45 (1H, dd, J = 6.6, 5.9 Hz, H-
17),2.56 (H-14),2.61 (1H, dd, J =17.4, 6.3 Hz, H-12p), 3.07
(H-20), 3.13 (1H, ¢, J =5.5 Hz, H-28), 3.97 (H-3), 4.01 (H-
5'), 4.06 (H-2'), 4.28 (H-4'), 4.30 (H-3'), 4.42 (H-6"), 4.60 (H-
6), 490 (1H, t, J=8.1 Hz, H-23), 5.03 (1H, 4, J="17.7 Hz,
H-1'), 548 (H-11), 5.32 (1H, br s, H-7), 5.53 (H-16). The
EtOAc-soluble part of Fr-1 was chromatographed on
silica gel and eluted stepwise with CHCl,-MeOH to give
10-20% MeOH eluates. The combined eluate was suc-
cessively rechromatographed on ODS gel with
acetonitrile-water (7:15), silica gel with CHCl;-MeOH
(19:1), ODS gel with MeOH-water (13:7), and then
purified by prep. HPLC on pBondasphere C,q
(acetonitrile-water, 47:53, 8 mlmin ) to yield vernonio-
side B, {(22R,23S,24R,28S)-3p-glucosyl-28-methoxy-
7,8,9,11-tetradehydro-16a,21,24-trihydroxy-21,23:22,28-
diepoxy-5a-stigmastane (2) 46 mg, R,14.0 min}. Verno-
nioside B, (2): mp 260-261° (from MeOH); [«]3* +65.3°
(MeOH; ¢ 0.453); FABMS (NBA), m/z: 703 [M+Na]®,
(NBA +KBr) m/z: 719 [M +K]*; UV MO nm (log &):
235 (4.20), 242 (4.26), 251 (4.08); IR vEBr cm~1; 3400.
Enzymatic hydrolysis of vernonioside A, and B,. Ver-
nonioside A, (1, 36.3 mg) or B, (2, 18.6 mg) was hydro-
lysed with B-glucosidase as previously reported [3] to
yield the corresponding natural aglycones (1a, 12.1 mg,
and 2a, 8.03mg, respectively). Compound 2a: mp
207-209° (from MeOH); [a]3> +93.5° (MeOH; c 0.246);
FABMS (NBA), m/z: 541 [M+Na]*; HR-EIMS, m/z:
500.3118 (M —H,0]"; caled for C;,H,,O; 500.3128);
UV 2MOH nm (log &): 238 (3.95), 246 (4.00), 254 (3.85); IR

vKBr em ™ 1: 3400; 'H NMR (250 MHz, pyridine-d,): 60.69
(3H, 5, H-18),0.99 (3H, s, H-19), 1.16 (3H, d, J = 6.6 Hz, H-
26), 1.30(3H, d, J = 6.8 Hz, H-27), 1.36 (H-1a), 1.51 (H-50),
1.60 (H-48), 1.61 (3H, s, H-29), 1.77 (H-2p8), 1.92 (H-6 and
H-6p), 1.94 (H-1p), 1.98 (H-4a), 2.09 (H-15p), 2.13 (H-2w),
2.25 (H-15a), 2.26 (H-12a), 2.35 (H-208 and H-25), 2.60
(H-12p), 2.64 (H-17a), 2.88 (1H, m, H-14w), 3.34 (3H, s,
OMe), 3.84 (1H, m, H-3a), 4.54 (1H, br 5, H-168), 4.75 (1H,
t, J=6.1 Hz, H-22), 4.87 (1H, d, J=6.0 Hz, H-23), 5.47
(1H, br s, H-7), 5.55 (1H, br d, J = 5.2 Hz, H-11), 5.91 (1H,
br s, H-21).

Acetylation of 2a. The natural aglycone (2a, 6.28 mg) of
2 was acetylated with pyridine-Ac,O to yield a triacetyl-
ated aglycone (2b, 2.86 mg). Compound 2b: [«]32 + 125°
(MeOH; ¢ 0.152); FABMS (NBA), m/z: 667 [M+Na]™;
UV MeOH nm (log &): 234 (4.15), 242 (4.20), 250 (4.04); IR
vKBr cm ™ 1: 3450, 1760, 1730, 1720; 'H NMR (200 MHz,
pyridine-ds): 50.80 (3H, s, H-18), 0.86 (3H, s, H-19), 1.06
(3H, d, J=7.0 Hz, H-26), 1.11 (3H, d, J=6.6 Hz, H-27),
1.64 (3H, s, H-29), 2.06, 2.10, 2.16 (OCOMe each), 3.29
(3H, s, OMe), 4.60 (1H, ¢, J = 5.8 Hz, H-22),4.71 (1H, d, J
=5.8 Hz, H-23), 4.8 (1H, m, H-3), 5.4 2H, m, H-7 and H-
11), 574 (1H, brt, J=74Hz, H-16), 6.58 (1H, d, J
=6.8 Hz, H-21).
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#
BPLE F N T —EEFI T R & B2
AN A NTRY
HMKEH LR FEHE
Lo 4£|ZR.W. Wrangham E HHHEO7AEY 7R

EEHOAYERIIBNT, Yo X{LEYW
DHERIKELEELEF O TWHLEERTWVS,
FD-DES ORAMYERRRMEICHT 25D
Wrgeix, Yudkd, £LT, F0XdCHEWE
rEUIOIRILEWIIHTE LTV L0,
) BEICEAE YU TTEL (Glander, 1982), &
A, FERREREER, RVUNVRZTKRE -
DH.Janzen i&, X#k% 5 04EIZtWMoT, HHRK
W o OFERYOREEAR, BEELELS

(¥ 7#%) 3% (Aspilia mossambicensis,
A. pluriseta, A. rudis) DRERLZRETHOHRE
ICXo>T#E o7 (Wrangham and Nishida,
1983), #HiX, ¥ Y F=TOHE, & H=—
HRICR o RIS B T RET NV EE
BoF Ny I8, XEEROLDTIRERL,
5 rOXBHHRELENELT, ThoiPYD
E¥O—B—HEMITICKRARALZ L EHBEL
7zo Wrangham& Goodall (1989) 2k 3¢, o

COMABIEZ O KILEWE, BAILD, BE, PROFUNVT—DTAE) 7TEBUIIIHUED

FHERRR L EREERFOZ-DICHALTSED
$8i%% L7z (Janzen, 1978), 7zLBIC, RIEME,
FERLR EIRL RRALTIERITILICL
T, BEOITRHPEMBEEICKRELEEESR
% (Hart, 1990; Holmes and Zohar, 19907% &% &
BoZt), LidoT, EOBRICIBNT,
B 2 b DEME £ I B LB D > I L
Exbh3, ” .

197 0FERBEIHRBIC, BERS, XK
BRI, WHhITERANICHED EFIHLTwS
EfH 8 EhihD - (Hamilton et al., 1978;
Wrangham and Nishida, 1983; Phillips-Conroy,
1986).

FonroT-0RRTHEXREYS
EOFARRALITR
BaF Ry I—-OXEFREEE, 1983

B, 2%, F b FlENT P FHOK=
HOETELRRS (TREY72BNTSH
¥/ WthH 5 HU LEFBHEICL o THES L
HE 2HEMOBEELIY), wNVLFINIT
—DTAEY TERIEICBITABEICOVWTIZE
RRERLRTWARWY, TREYT72ENT 5L
BB s L EEREhoBEBICIIERHIC
FELZEIRD LTV (Huffman et. al.,
1990),

TAEY 7REWIE, 77D Y MIRE
DIEHR 2R LTH DR TS, Bz,
B ILIA, SMB, WX, Ba, FLERO
EEER, Bifs, BAR L2 COENFEHISEREINT
V5% (e.g Kokwaro, 1976; Abbiw, 1990),

BN T7FN=TRKE T =N ABRD
Rodrigué'z 5 (1985) &, A. mossambicensis B*
FOEBERRAMTIC Lo T, BB HME

19934 3H22H A, 19934 5HA 198 XH

179
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180 . ANV A- NIV

ERZLDOFTALTY VARELIERRBL,
Wrangham & RO BB RR L XREL . €
D% Wrangham & Goodall 1989) &, F /3~
T2 X BT AYY 7 ORRITEFE R HIY
ELbDTHAIERELTV S,
INLETYROTRAERICB T, —RRBHE
) F Ny Y- (RRCHEOBEDORE D
H3) BTRAEYTERATH0IF—HICHE

EhBbZ 5 (Wrangham and Nishida, 1983),

SO EE RIS T A TN RRIR R
2> TWATREMNH 5,

LAY, TVFAv a2 YT RED
Page® Towers (X8, ¥ v ¥F=7¢:5=7T
RBLI-7TAE) T2 BESTL, EhOIEZ—E
SFTNT) Y ADHRTET, BORMIFEL
TWALERLTVS (Pageet al, 1992), &H
IZ, Page®b (1992) BNV TRILAET7AY
V7 OEDNL Y F VAR Ukaurenoic acid&
grandiflorenic acidZ BB L, TN S5 DAMEN
AP OMEISEIVEY FOTFHE LM ST 5E
HiddZ txHIDI, Pageb (1992) X
DHEEL, TURTROLWULREERICBITAN
ELEBROTT, FIONRNVI-DAREHLD
RGUREN AT H7-DICTAEY TR HET S
DT EVPEVIFLWREEZRBL, &6
2, FUNYT—0F b FiER, oMK
REAICHLTD, TREY 7TOWLAWIEHAM
HORFREEHEZ RIZL TV A ISEVWRWE R
LTV (Page, #AE),

—75, Takasaki& Hunt (1987) &, Lippia
plicata (¥ 7%) O¥EM T, TRAEYTLHE
CEIic, MiFhaz e lLicFonrIy=ck
DERENTWAZLERAL, CORYIEER
ELTHIHSA TV AR EREL,

199341 8L, BARPLKROKAERICX
577 ARMEANROAZICL T, TREY
7 (3F) Y ¥7 (1#) DA, Tho el
L&) 2BATHERNESNS 1 5D OB HE
ThTwd (Fl1), E7 7Y Tk, TRt
TNV, FLOF N T — (RW.
Wrangham), FR7 7Y FTix, ¥4 =i %

7=V Foa—-5 FITYyskFon
YV (LBFE—5), FA - - T URDRKR)
FH (BEEXHS) Loy, &6ic, w77
AT, I—FIRT =N FAFEDFINIY
— (C. Boeschb), Ry VI DF Ny TI— (B
REES) Oo#AHHIT S N5 (Huffman &

, Wrangham, 1993),

RNV =T DENROBEARALITE

EEI, 198 THEICTIUNYT—HEE LT
FIRHLLEEZONDLIEH -2 Vernonia
amygdalina (Del )DIREHTE % B2 L /z(Huffman
& Seifu, 1989), AL PITHALHUETE B F b
FHDF N T =R, ZORMPYDOENERDE
LEOBMBEEXIRE, BHULRE LA, B
A -EVEEERAZOTH B, ZOREIZRH
DFBITFEFOEBHEMNYEL -,

EEZ, BU, 199 1EBCREEZIT, £
oYM, ALY RBEICHE o /2. EMT
DR, TORKIFERBEETH - HE
&7z (Huffman and Wrangham, 1993; Huffman
et al., in press)o

LRIA S, V. amygdalina i</ NUMEIBKW
KHADF Ny T—-kD, BEETIIHEA, R
RE3hrmE LTRE STV 5 (Nishida
and Uehara, 1983), —RBBHEEZ ) hF NP
AT L HB NS (BH, LE,
138, #EB), EITRLABEIRRT S BEY
RABFEZTCIRRL, BEMERLE, wbiT

- FHMLAARELHLEEXONDL, LAL,

BATIIRETH 20 L) DR HWiT 5 2 L 2%
LS, kBB RHEHEERD ZLEND S,
<NLEIDH150 kmibicERLTWwA TS
ROF Ny T =1, V. amygdalina \ZHBD T
WiE (ERemy, 1bF¥M) T 5 V.coloratak, [
L&) RBRAETAESNTVS (Wrangham, 1975),
T ROPBTIE, WEAMBOF NV T -0
A RERRBIIAHTH 505, BHicEL NS
YLEEEOTT 7V IDELDALIE, 2D
V. amygdalina % BUE R FHE RBRSL KOG
KL LTHWTWS, EFIZSZORADT V3
U0 SHEAMNSER (BFRAER, &
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Bpd 230 U - ERF R iR L RE 181

F1 FURYU-REIE, TYIHEEOLRA LB SR ARWE T ORMERE, XEHE,
EWEHE X UbEREYE (199341 BB

Wi, HYiEy (HERES) CEMEAE, ERHR, AU, {LRHEL Y [BFIR)

(Pan_troglodytes schweinfurthii)
Mahale, Tanzania:
Aspilia mossambicensis (Oliv.) [1]

Bd, RER, W, Buwes, FeEius, i 7Y 7, affkias
HEEARR, EHBEEE2,34567]

Lippia plicata Baker [8) B, HWMER, W28
Commelina diffusa? Burm. {. [9] BEAR, WS, AREBUC L 2HRES (10,11)

Ficus exasperata Vahl [9} Ak, 2210, K&, MNEYE, WWE, HER, ¥2,10,12,13)
Trema orientalis (L) Blume [14] W, B3, HilE, K&, TALOLFRE KBS, TABOA F2,10,12,15)
Melastomastrum capitatum Vahl A. & R Femandes [16] B [16]

Gombe, Tanzania:
A. pluriseta (O. Hoffm.) Wild [1] MBS, BFFEE, WRE, HRs, fd, T8, HNRE {2707
[3,17,4,5,6]
_A. rudis Oliv. & Hiem [1) *NA
Hibiscus aponeurns Sprague & Huich {18} NA
Kibale, Uganda:
Aneilema aequinoctiale (P. Beau.) Loudon [20] NA
Rubia cordifolia L. [21] 1%, rubawo, EHEMIENET ¥ LI F v, BRRAFHARSF b [7,1621]
Kahuzi-Biega, Zaire:
Commelina cecilae C.B. Clarke [22] NA
Ipomoea involucrata P. Beauv. [22] NA
Lagenaria abyssinica (Hook. f.) C. Jeffrey [22] NA
(B.t.verus)
Bossou, Guinea:
Ficus mucuso Ficalho [23] NA
Polycephatium capitatum (Baill.) [24] 1k (25)
Tai forest, Ivory Coast:
Manniophyton fulvum Mull. Arg. [26] TRk [27)
NA
NA
(P. paniscus)
Wamba, Zaire:
Manniophyton fulvum Mull. Arg. [28} FHIL® [27]
(Goriila gorilla_graeri)
- Kahuzi-Biega National Park, Zaire:

Commelina cecilas C.B. Clarke [22] NA

AL F 7Y T — DR BRARSTOEBHHRICOVTOAET/; **NA: t5317% L; 1. Wrangam and Nishida, 1983; 2. Ohigashi et al., 1991a; 3.
Rodriguez et al., 1985; 4. Page etal., 1992; 5. Lwande etal., 1985; 6. Yang et al. 1986; 7. Kokwaro, 1987; 8.Takasaki and Hunt, 1987; 9. Newton and .
Nishida, 1990; 10. Abbiw, 1990; 11. Russo, 1992; 12. Terashima et al., 1991; 13. Rodriguez et al, KF&3%; 14. I, RIEK; WLIE; 15. Oares etal,,
1977; 16. M.S. Kalunde, #4{5; 17. Wrangham and Goodall, 1989; 18. E. Mpongo, Wrangham and Goodall, 1989{2%15]; 19. R.W, Wrangham, kH#; 20.
Wrangham and Goodall, 1989; 21. Itokawa et al., 1983; 22, W% —, BAG5; 23. HRISERE, FUE, WEISRE, 24. AIRIEER, 1992; 25. Sugiyama and Koman,
1992; 26. C. Boesch, #¥ffi#H1; 27, D. Muanza, BA{8 ; 28. BEIXF, FAE.
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B, BHAK, IRE) cESWT, HoHEE
HEBRC L BEREZ Y - a0ic, &
DY EMA L -oTE 2V EOERHIEZNT,
CNEFEFETHLDI, 198 I4ErLMmHD
WFFeE &AMy 2 LRI SeiE @ 2 BIsa L /=,

K FHf Y v — 7, The C.H.LM.P.P. Group
(Chemo-ethology of Hominid Interactions with
Medicinal Plants and Parasites), D H & 35 &
A, BWATEY:, RWLE, FERZERUA
HEREDELNGEPS, F30T—-0O%A
HHYAHE ZOBBRICOVTESHICHEL (B
T52LThHb,

HHOEDR S & EEHS

FHRF BFHO/MNEKA— & KB, 7
NODV—DRRALT MO L, ERET LR
DEEZLNIHWENRIC, TOEBEHES
KoWTOMEH#RDT VS, V. amygdalina B
61k, BERMOARERESFEE ST TWS, 2
&2, KBMIRICH 5 HEALHEGENS, ik
WTX—EBRREERDOEAFF RIS b
~ ¥, vernodalin, vernolide, hydroxyvernolide 7z
ETH5S (Gasquet et al., 1985; KK 5, 1991 b;
Jisaka et al. 1993), ¥ 7=, FHEL{LEWE LT,
AFTIAY YRRT UL FOI NV I—- AEHEE
(vernoioside Al-4; vernonioside B1-3)A Wil

P SN7: (Jisaka et al., 1992a; Jisaka et al. in
press), & 512, TN T TIT, vernodalin
vernonioside Bl % &ICHEMBMIERAIH 5 =
EHRBOLNTV S (Jisaka et al;, 1992b), F 72,
vernodalinlZid~= 5 ) 7R LV I 7 EARIIXT
ZEBMBENSLIENREATWS (P.
Timmon-David; C.W. Wright, G.C. Kirby, D. Allen,
D.C. Warhurst, J.D. Phillipson FAf8) .

FINT-OEGHEYWAHOWERE X 5HIC
BRTBED, FEWNLVF ORI TD-DR
¥ A b (Nishida and Uehara, 1983) &7 7Y
HORBEREH IR P 2REGOELHER, A
M Fa: mERLH BRI U TR oML
FINRTT—-ORETHHEIEL S 1 2HOHY
PHLIVRAMT Y /TE (E2),

CCTERTNEI LR, WHEOBNT BB
(Z-E 203, %, BE, R2ELEY) PRLATH
b0 Z¥h s, HHIEEILTHoTd, BT LI
FHERENE, TOEINTVIRFOFERR
BORRHZEVDHY, TOOWFORRET S
VERD R BT RREEH L0672, itoT, B
ERHEYY R ML BEZ TS, FUNRUT-
ORAET PO EHET L LidfEkRT
H5b,

THE, 1991-9 24, MEKDIV—
TLOXRFNRBTIZL T, TALFINYY

2 INUVMBHOF RV - EY @b, BUMYESNT 7)) toRESERNYL L

ﬁEEEEﬁ-:"(’ ?ﬂl%&& t*b:ifllfﬂ EhaZ Lk b:iﬁé‘l sh/-#

Wt G RMNME, EBEHR, LWIEE, (CP0SNEL Y [BEIR)

Annona senegalensis Pers. Bk FHiik &, FRH, diterpenes, kaurenoic acid BEE{EAY, HH, AWK (1,2

Asystasia gangetica (L.) T. And. Lf B [3)

Cissus oliveri (Engl.) Gilg. Lf FHI 13, 4)

Combretum molle G. Don Lt R, witerpinoids [3, 5

Croton sylvaticus Hochst. ex Krause Lf TH (3]

Erythrina abyssinica DC. Li, Bk HEE, <57, B ARRLYT=7OBVES, M) 32+ ABREOBVE
H, BL7 A — 7 3SFRFIDOFGVIEHE, D-threopentaric acid, 3-Carbon 2-deoxy-o.-lacton {3, 6, 7]

Hibiscys cannabinus L. Lf A 4, 39, kaempferol [4, 8]

Lannca schimperi (A. Rich.) Engl. Lf THL BT A =S 2 3)

L BRI

sd BOTH, A, HRR L <=7 DFWIEEEK, 7

Stephania abyssinica (Dillon & A. Rich.) Walp. Lf F#i, oxoaporphine alkaloid, phenanthrene alkaloids (6%) [1, 4]

Ximenia americana L. Fr B 3]

*Nishida and Uehara, 1983; **Afj & 7 ¥ 1 ¥ —~ D ILBHIH RS ORBOZRIC OV TOAE T, B WH, LE: 3,54 B
T, Fr: £ - %, 1. Githens, 1949; 2. Adesogan et al. 1976; 3. Kokwaro, 1987; 4. Watt and Breyer-Brandwijk, 1962; 5. D. Izutsu, Masters Thesis; 6. Kamat

et al. 1981; 7. R. Elias, unpublished data; 8. Pakudina et al. 1976
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—OREEWE (FICFHASFICEEL2IL-T)
Rz 206 0EBIGEHRERR MOV,
BAFM2 M fThbhTwd,

B TPRE AR - NIhIER, ERERAY -8B
HHEsE, 25T F K% - ].D. Phillipson,
C.W. Wright& = —+t A 2.K% - G. Balansard, P.
Timon-David, R. Elias 5 F4ERER UERED I
FEfEE EX, ChsoflBwicont, =L
DF VN T —BET 2D B 5 MK
W, FA®Y, BR, ok iod2EX00%8
PRAE LTS, BETTIS, RHAT7TA—I, <
SYTPER, LA 7REICHT 2EEN—
HomicRD ST 5 (C.W. Wright, J.D.
Phillipson; R. Elias, FAf8)o

SERBEE

198 94EENIS, FHEIINVMAERDF ~
N T=Z2onT, LYEHENLEEEREOAE
2729 728, BHEREOR T EFNICRELT
W3, HBAR¥ERBUEFTOBER _KIED
FEEHVWT, FAEHBRLE, BRISEORERE
PR LTE, TOMRE, FBER, BH, KA,
FYTIVBRREPBRSN, 198919
Q0FEEL1991—-199 2EEIIREESR
FoNYT— (FhEFNIT4 IRKLE 3 586
RZEPORO S B SN - FAREIL, M
WD Ternidens sp. (3 9%, 6 9%) THolz,
FRUNOBEOBHBRIIEIC L > TELR 2 /-
23, MR D Strongyloides fuelleborni (2 0 %,
2 3%), WD Trichuris trichiura (1 6%, 2
9%) ODRIEREIFBI o7 (NT<Y, BE, %
RERR),
3R B & A O B

FHERBRORBET SMEBIEF I VREFICL
P HEMAEHY, &6, WEISELICONT
BT 2FEROBHED LA TLHEMISED LN
7zo (Huffman et. al., in prep)o 1991-199
2HEEOREWRETIL, REEARLRL P
4 EHECBOTROBCERRER (1 g%ky
130—53058) #RLAHMETernidensTdH
LEEEEN, Ternidensid, EEDOKBEIZE

o2WnT, KBELREZEZ &4 H(Brack,
1987)C, F NV I —BWFIRTEEMN o -4
R (FH, B8, ARARER, BEhEAR, &Y 1T,
TernidensiZ X A EEEN T MM 2EEICX
AU BEMSRE N E VST IS S,

199 1 EEOREPIC, B, WMEA (TH,
BAHRAFR, EREAR) LEbh A4 P FHED
V.amygdalina DFVWEOHICEF I ATV EHEHW
BHEHA, BHOFBRICIE, FHEOERZIY
RLAZ VBRSNS, EOWMOEE, £0ME
61X Ternidens T X B BBIETHo - L dtbh
D, ¥l ZOFVHEEEPENL 1 BMEE 2
0 RMBDOFERBRREELHRTARLE, FOK
REHFR] gB-h 1300251503, W
PR RO SN (Huffman et al.,
in press)o

E5HIT, TTRESEA TV IEBRARE 2
HLLR#FLIEZA, Vamygdalina 358 H
i FICBo TERSR TS S LS
L% o7 (Huffman et. al, 1990)s 7 AE YT D
BRELSEHBREIICOVT Y, FBU XD 2EmS
BOLNTVS (Kawabata and Nishida, 1991),
DX REEZ, FUNYT—DXRERYER
EHAERBYAEE OB ) ZHEHITRL TS
bOTHY, WMROTFEHPHERICKT HEEFA
I —BRBTL-DOEHLRFVLDICRS
LEZOLNS,

XL BTHORE

EEBIC X2 EHANEY R BT 0BG LA
5, ELOBLERDTVE, B1TRENS L
i, BEIT, FonRrI—2K /I R, EHiC
BTY SFARLERBEN 1 9 OEYEIC
i, R4 7 RS AR R B R A% & hC
Wb, =¥, ThoRYIdtE L - YENENE
WAL TWwb, £NiL, D africanak2 BT, &°T
DEOEDEKHENFIHF I LTI LT
#» % (Huffman and Wrangham, 1993), = D5
BT 7V DEABICE2TEDX D EH®RER
2 TWVENIRTHP S 2V, HRAARMTEICBN
THALPDEELZEE2F->TWE I ) ICEbR
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5, EHICLoT, FDFIFFI LI REIEH
BADHFEZHLELEFL LTRMEA TS
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RELTVw20hk Y, REHHOLERRICHE
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AR REOXEMEARELELVELET,
HREHL ANV TBEWCEMORWF Y
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BRICBESY, hoBEHIIBVWTIHEShATY
5, MATIRTIVNMIBITALLF (K. Strier),
FRKRTIX, F<FPN (M. Baker) EHICHAK
TR, =RV (FRM—FES) IZ2WTED
TREM AR S TV % (Baker, #F; F4,
1992; Strier, 1993), D= kix, 44k, WK
SFEROHEWAECHT %L, SEEEHD
XALBIRED DRFZE, X &I F DR D BHF R 2
EFLVWBRE~RBTATHEREZRLTW S,

MRDSERDODESE

DEDERICESHT, 199 1EEDBEIS
Hix, eHAUMEREHRIC, EEEFEICL -
THEBEOITE L MUK 1B - BEL, £0
BHEOE L REFEYORMEED TS, Thb
ORI OVT DL ER 23 E TH#THCH
5%, EAEOTEHEICH b REERDRE,
e GUICEMTIC L 3 FERBIEOHRBL TD
BREFEOHEIZ Lo T, BEMICE, Fr30 Y
— DEFB~DH ERRROKREL ZO%REZ L Y
EHRNICIEEBTELLELI TS,

FEFFRIE, ThECHRBMICIIAESh T2
WEEF IV T DEBEFRICOWT, FIiLw
PREELHREL, BIFzaD-b0oThh, FL
WA EBRT AL DL LTERENTFLHE S
CERATDID D, CORREFE, Fo0TV-0D
T8 EROREIIBVWT, BEOREFIIBIT
LREOMR, Rk STICEFANDOHIEICOW

TORBHEL FOHLL Vo 22 T, FHi-2EER
BICORBBEEZ TV,

¥, ZoOBfRIE, FSEEOMRA, FICHFLER
BSAE I 5 BEEEAEO B EHHRICOWT
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X 5 BED TR D ELR, TDITERIZ LIME
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(Summary)

An Investigation of the Use of Medicinal Plants by Wild Chimpanzees.

Current Status and Future Prospects.

MicHar. A. HUFFMAN

Department of Zoology, Kyoto University

It has been proposed that chimpanzees use a
number of toxic plant species for their medicinal
value. Based on behavior, plant pharmacology, and

ethnomedical information, hypotheses concerning the

medicinal use of some of these plants by chimpanzees
include the following: control of parasites, treatment
of gastrointestinal disorders, regulation of fertility, and
possible anti-bacterial or anti-hepatotoxic activity.
With regards to bitter pith chewing and whole leaf
swallowing behaviors, 20 medicinal plant species have
been observed to be used not only by chimpanzees,
but also by bonobos and lowland gorillas at 7 sites
(Mahale, Gombe, Kibale, Kahuzi-Biega, Wamba, Tai,
Bossou) across Africa. A detailed description is given
of the research program currently being carried out by
the author and colleagues of the international research
team, The C.H.LM.P.P. Group, and in particular, of
the ongoing multi-disciplinary research into the
chimpanzee use of Vernonia amygdalina (Del.) in the

Mahale Mountains National Park Tanzania. The
hypothesis that this species has medicinal value for
chimpanzees comes from detailed observations by the
author of ailing individuals' use of the plant.
Quantitative analysis and assays of the biological
activity of V. amygdalina have revealed the presence
of two major classes of bioactive compounds. The
most abundant of these constituents, the sesquiterpene
lactone vernodalin, and the steroid glucoside
vernoioside Bl (and its aglycones) have been
demonstrated to possess antibiotic, anti-tumor, anti-
amoebic, anti-malarial, anti-leishmanial, and anti-
schistosomal properties. At Mahale, the particular
parts of an additional 12 plant species ingested by
chimpanzees are recognized for their traditional use
against parasite or gastrointestinal related diseases in
humans. Their physiological activities are now being
investigated in the laboratory.

XAV ANTTY R RFELEEYEHZ

T606 MEWARKLENBSRT
Michael A. HUFFMAN Department of Zoology, Kyoto University
Kitashirakawa-Oiwakecho, Sakyo, Kyoto, 606 JAPAN
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Les plantes médicinales utilisées par les
chimpanzés sauvages

par M. GASQUET

Faculté de Pharmacie, Université d’ Aix-Marseille, FRANCE
M.A. HUFFMAN et R W. WRANGHAM

Department of Zoology, Kyoto University, JAPAN

Bio-Anthropology. Harvard University. USA

Dans les montagnes a 1'Ouest de la Tanzanie, dans le parc de_Mahale,
pres du lac Tanganyika, des hommes observent depuis bientét 30 ans, un
groupe de chimpanzés hotes habituels de ce parc de Mahale, considéré

avec ses 1600 km2 de végétation tropicale comme un dernier sanctuaire
pour ces anthropoides qui nous ressemblent.

Les observateurs sont les gardiens du parc, experts en botanique et en

médecine traditionnelle. Ils sont encadrés par une équipe de chercheurs
japonais, le Japon ayant conclu, avec la Tanzanie, un projet de coopération
sur I’étude des chimpanzés.
Cela fait bientot 30 ans que ces chimpanzés sont suivis 2 la trace, les pis-
teurs les connaissent tous, ils en ont identifié 98, chacun reconnaissable
par un caractére particulier. Les chimpanzés se déplacent habituellement
en petits groupes de 20 & 30 individus, parfois 70 individus ont pu étre
observés dans la méme journée.

Au départ, I’étude était essentiellement éthologique : les observateurs
ont donc tout noté, ce qu'’ils mangent, leur aspect physique, leur mode de
vie, leurs attitudes, leurs comportements.

Dans leur nourriture, ils ont recensé 328 éléments différents, dont 198
espéces végétales (surtout feuilles et fruits), des insectes, des petits mam-

- miferes, des oiseaux, des ceufs, des fourmis, des termites et plus étonnant

la termitiére aussi.
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Avec un peu d'expérience, ils rémarquent un changement dans les habi-
tudes alimentaires de certains animaux : au lieu de macher les feuilles,
comme ils le font d’habitude, ils paraissent choisir une espéce végétale
particuliére, a feuilles rugueuses.

Les feuilles sont mises entigres, |1 a 1, dans la bouche; ils paraissent
remuer, frotter cette feuille pendant 5 secondes environ dans leur bouche,
sans la micher, pour enfin I'avaler. Ces feuilles se retrouveront, entiéres,
non digérées dans les feces. ‘

IlIs notent également le comportement particulier d’une femelle malade,
elle traine & Iarriere du groupe, puis s’éloigne avec son petit. Apres s’étre
reposée elle part ramasser de jeunes pousses végétales, mais elle rejette les
feuilles et la partie extérieure de la tige pour ne récupérer que la moelle
centrale qu’elle miche avec application avant d’en avaler le jus. Ce jus,
nos patients observateurs I’ont gofité, il est plus amer que le sulfate de qui-
nine. Vingt-quatre heures aprés, notre femelle parait 2 nouveau en bonne
santé et suit le reste du groupe.

Ces modifications comportementales ont suggéré deux hypotheses :

— Les chimpanzés sont-ils capables de sélectionner les plantes pouvant
améliorer leur état de santé ?

— Eu, sitel est le cas, les plantes ainsi retenues permettront-elles de
trouver de nouveaux médicaments utilisables en thérapeutique
humaine ?

Depuis une dizaine d’années, les chercheurs japonais ont essayé de
vérifier ces hypothéses par une étude rationnelle. Pour cela :

— ils releévent de fagon systématique les plantes utilisées par les chim-
panzés et réalisent leur tdentification botanique;

— ils étudient en paralléle [’aspect physique, le comportement de
I’animal, de maniére a établir une corrélation : état de santé — plantes
utilisées;

— pour rester le plus rigoureux possible dans cette interprétation, ils pro-
cédent également a des analyses coprologiques afin d’identifier les
parasites dont les chimpanzés seratent porteurs;

— 1ls réalisent une étude cas par cas en suivant un schéma précis : analyse
des feces d’un animal identifié (les différents parasites et leur nombre
sont notés), observation de son comportement {fatigue, somnolence) ou
d’autres symptomes (constipation, signe de souffrance ou de maladie

possible...), étude des plantes qu’il mange, de la maniére dont il les
mange;

— 94 —

— ils vérifient I’efficacité du supposé traitement en contrdlant & nouveau
des feces (numération des parasites), amélioration ou non des symp-
tdmes, modification du comportement ...

~ enfin, ils étudient les variations d’utilisation des plantes :

— d’un site 4 un autre (autres parcs en Tanzanie et en Ouganda),
— entres différentes especes de primates : chimpanzés, gorilles, singes,
~ en fonctton des saisons et de la charge parasitaire;

— avec I’aide des tradipraticiens, ils étudient la pharmacopée tradition-
nelle afin de vérifier si ces plantes sont également utilisées en médecine
traditionnelle, et pour quelles pathologies.

Cette premiére partie du travail, basée essentiellement sur des observa-
tions, sur le recueil d’échantillons (plantes, selles) et sur I'information, se
réalise sur le terrain. Une collaboration étroite existe entre pisteurs, étho-
logues, botanistes et tradipraticiens.

Une autre étape consiste a isoler et identifier les principes actifs

contenus dans ces plantes. Puis il faudra effectuer une recherche bibliogra-
phique concernant les molécules identifiées afin de retrouver une bioacti-
vité déja décrite : antiparasite, antibactérienne, antivirale, antifongique,
antihépatotoxique, antitumorale ou régulatrice de la fertilité.
Pour les molécules nouvelles, des tests pharmacologiques reconnus, avec
une méthodologie précise, devraient permettre de vérifier leur activité
pharmacologique et leur toxicité éventuelles, avant d’envisager une pos-
sible utilisation en thérapeutique humaine.

Afin de mener 2 bien |’ensemble de ce trés lourd programme, les cher-
cheurs intéressés se sont regroupés en 1989 pour former le CHIM.P.P,
GROUP (Chemo-ethology of Hominoid Interactions with Medicinal
Plants and Parasites). :
Avec comme principaux organisateurs : les Docteurs HUFFMAN,
KOSHIMIZU et OHIGASHI de I'Université de Kyoto au Japon, c’est un
groupe multinational (Japon, France et Angleterre) et pluridisciplinaire
(zoologie, botanique, écologie, chimie, parasitologie, pharmacognosie,
pharmacologie, éthologie).

Les premiers résultats de ce vaste programme ont été publiés par M.A.
HUFFMAN et R.W. WRANGHAM.
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Qu’ont-ils obtenu ?

Les primates étudiés sont des chimpanzés (Pan troglodytes schweifn
urthii, P. t. verus), bonobos (Pan panicus) et des gorilles (Gorilla gorilla
graueri). Ces animaux ont été observés sur 5 sites différents, en Tanzanie
et en Ouganda .

Sur les 198 espéces végétales utilisées, 13 (4 familles, 7 genres) ont été
répertoriées comme susceptibles d’étre utilisées pour leurs propriétés
médicinales :

~ la moelle de 2 plantes est michée avec application,

—les feuilles de 11 autres plantes sont avalées entiéres.

Plantes dont la moelle amére est machée

L’étude botanique a permis son identification, il s’agit essentiellement
de Vernonia amygdalina : elle est utilisée par les animaux malades, les
feuilles et I’écorce sont éliminées alors que la moelle est michée pour en
extraire le suc amer.

Une femelle malade, ayant perdu I’appétit, constipée, émettant des urines
foncées, 24 h aprés cette ingestion retrouve !’appétit, un transit intestinal
et un comportement normal. Une autre femelle diminue son parasitisme
intestinal avec le méme traitement. D’autres chimpanzés sucent de
maniére identique la moelle de Vernonia colorata.

Or, V. amygdalina et V. colorata sont des espéces trés voisines, en méde-
cine traditionnelle africaine, elles sont utilisées toutes deux pour les maux
d’estomac, comme anthelminthique, fébrifuge et comme anti bilharzien.

D’autre part, I’analyse phytochimique de V. amygdalina collectée dans
le parc de Mahale, donne 2 classes de composés bioactifs :

— des lactones sesquiterpéniques : vernodaline, vernolide, hydroxy-ver-
nolide, vernodalol;

— et un nouveau groupe de glucosides stéroliques : les vernontosides Al,
A2, A3, et le vernonioside Bl (OHIGASHI et col., 1991; JISAKA , et
col. 1992).

Ces composés sont présents dans les feuilles, I’écorce, la racine et la

moelle, mais le vernonioside B1 est présent en grande quantité dans la

moelle.
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De nombreux travaux antérieurs ont déja démontré ’activité anthel-
minthique, amoébicide, antitumorale et antibiotique de lactones sesquiter-
péniques.

Des expériences récentes, réalisées par les chercheurs du CHIMPP Group,
sur les lactones sesquiterpéniques, mais également sur les glucosides sté-
roliques, indiquent d’autres activités parasiticides. JISAKA a trouvé, in
vitro, une action antibilharsienne alors que des essais préliminaires de
TIMON-DAVID, de KIRBY et ALLEN, semblent indiquer également une
activité leishmanicide et antimalarique.

En résumé, si on considere :

— la faible fréquence d’ingestion de la moelle de V. amygdalina,

~ le fait qu’elle soit utilisée lorsque I’animal parait malade ou parasité (a
Mabhale, elle est utilisée en plus grande quantité pendant la saison des pluies,
période pendant laquelle les infections parasitaires augmentent);

- que le goit amer est habituel dans la nourriture normale des chimpanzés;

- que la valeur nutritionnelle de la partie absorbée est inexistante par rapport a
sa valeur pharmacologique (démontrée expérimentalement);

— que I'animal parait guéri aprés cette absorption.

On peut en déduire logiquement, que les chimpanzés utilisent cette plante,
non pas pour se nourrir, mais pour améliorer leur état de santé et plus
particuliérement pour réduire leurs infections parasitaires.

Plantes dont les feuilles sont avalées entiéres

Ces plantes ont des feuilles épaisses & surface rugueuse. Elles sont ava-
lées 4 une heure précise (1 I’aube, environ 1 h apres le lever du nid,
[’animal restant a jeun). Les feuilles ne sont pas michées, seulement frot-
tées avec la langue puis avalées entieres. On les retrouve non digérées
dans les selles. ‘
L’étude botanique indique qu’il s’agit essentiellement d’Aspilia mossam-
bicencis, A. pluriseta et A, rudis.

Dans le parc de Mahale, 8 autres plantes sont avalées de la méme fagon:
Lippia plicata, Commelina diffusa, Ficus exasperata, Trema orientalis,
Aneilema aequinoctiale, Hibiscus aponeurus, Rubia cordifolia et
Melastomastrum capitatum.

Ce mode particulier d’absorption des feuilles a été retrouvé dans d’autres
populations de chimpanzés, dans d’autres sites, avec |'utilisation d’autres
especes végétales présentes dans ces endroits.
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L’ observation des animaux a montré ;

- qu’il existe un pic saisonnier dans la consommation des feuilles d’Aspilia, on
note une augmentation a la saison des pluies alors que 1a charge parasitaire est
la plus importante.

- qu’un méile hyperparasité par divers nématodes (Strongles, Trichures, ternide)
absorbe une grande quantité de feuilles de Ficus exasperata. Le nombre de
parasites a diminué et son état de santé s’est amélioré.

— que les femelles chimpanzés mangent les feuilles d’Aspilia pluriseta et
d’Aspilia rudis en plus grande quantité que les males.

En médecine traditionnelle, ces plantes sont utilisées pour éliminer les
parasites intestinaux, pour soulager les maux de téte, faire tomber la fievre
paludique, soulager les troubles gastro-intestinaux, pour guérir les infec-
tions et plus spécifiquement pour A. pluriseta et A. rudis utilisées comme
abortif ou inducteur du travail chez les parturientes.

L’analyse physicochimique des feuilles d’Aspilia a permis d’isoler une
diathiane polyine et la thiarubrine A qui ont un pouvoir antibiotique,
anthelminthique et antifongique (RODRIGUEZ et col., 1985; TOWERS et
col; WRANGHAM et GOODALL, 1989). E
A. pluriseta et A. rudis renferment encore 2 diterpénes : I’acide kaure-
noique et I’acide grandiflorenique activateurs des contractions utérines
(PAGE et col.). :

Des feuilles de Ficus exasperata, les chercheurs du CHIMPP group ont
isolé un 5-methoxypsoralen et quelques furanocoumarines a effet némato-
cide (NEWTON et NISHIDA, 1990; HUFFMAN et GOTO).

Cette activité nématocide apparait a la concentration de 13 pg/ml, par
extrapolation la méme activité nématocide serait obtenue par les chim-
panzés en consommant 50 a 100 feuilles (les produits bioactifs sont plus
abondants dans les jeunes feuilles).

Les chimpanzés utilisent-ils réellement ces plantes dans un but théra-
peutique ?

Il est permis de le supposer si on considére que :

— La valeur nutritive de ces feuilles est nulle puisqu’elles sont retrouvées appa-
remment intactes dans les selles.
- L’état de santé des animaux s’est trouvé amélioré aprés leur utilisation.

Ces piantes sont utilisées en médecine traditionnelle. Des substances
chimiques 2 activité pharmacologique spécifique ont été retrouvées.

Mais des questions restent posées :

— Les chimpanzés choisiraient-ils ces feuitles parce qu’elles sont rugueuses ? Le
critere physique est-il essentiel pour leur choix ?

— Toutes les feuilles avalées entiéres (2 part une espece) sont rugueuses, héris-
sées de poils. On peut faire une analogie avec les carnivores domestiques
(comme le chat) qui mangent de I’herbe, sans qu’il y ait pour cela une recon-
naissance chimique significative.

— Pourtant, d’autres plantes a feuilles rugueuses n’intéressent pas les chim-
panzés.

— Les critéres chimiques, ou tout au moins les propriétés pharmacologiques,
seraient reconnus par les chimpanzés capables d’effectuer une sélection entre
les différentes especes végétales.

On a essayé d’établir une corrélation entre le mode d’utilisation et le mode

d’action de ces plantes.

Le fait que la feuille, d’une dureté particuliére, soit avalée et non michée,

éviterait A la thiarubine A d’étre détruite par le suc gastrique permettant

ainsi 2 la drogue d’atteindre sa cible. La feuille jouerait le rle d’une cap-
sule.

Mais les feuilles sont frottées, retournées dans la bouche avant d’étre ava-

lées, la drogue pourrait alors passer directement dans le sang, sans passer

par I’estomac. Dans certaines espéces de composées, la drogue se situe
dans les poils des feuilles. Il y aurait alors un passage per-lingual possible.

Ces questions ne sont pas élucidées, comme bien d’autres encore

— Dans quel but les chimpanzés mangent-ils les écorces de certains arbres,
écorces indigestes, parfois toxiques, sans valeur nutritive, mais la médecine
traditionnelle leur accorde un effet purgatif, tonique, émétique ou méme anti-

dote de certains poisons ?
— La géophagie observée a-t-elle pour but d’absorber les tannins ou d’autres

toxines accumulées dans I'estomac ?

Des expériences sont en cours pour essayer de répondre a ces questions

— Il nous reste aussi & comprendre comment les chimpanzés ont appris a recon-
naitre les plantes médicinales ?
— Par I’éducation ? Les jeunes apprennent avec leur mére 2 identifier les plantes
 qui les soignent, les nourritures qui leur sont bénéfiques et les plantes
toxiques.
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— Nos observateurs japonais ont vu de jeunes chimpanzés, suivant I’exemple de
leur mere, sucer la moelle de V. amygdalina, sans avaler le suc amer.

— Par un apprentissage personnel ? Une plante toxique tue rarement 1’animal,
mais le rend malade. Une expérience de ce genre lui suffira par la suite a
I’éviter. De méme il se souviendra des plantes bienfaisantes.

En 1992, le ler Symposium sur ['utilisation des plantes par les ani-
maux, s’est tenu & Chicago, a I'instigation de I’ Association américaine
médicinale pour le progrés de la science.

Plusieurs témoignages, semblables & ceux réalisés avec les chimpanzés,
ont permis de consacrer une nouvelle discipline, la Zoopharmacognosie.
Cette nouvelle discipline, illustrée par cette étude sur I’utilisation des
plantes médicinales par les chimpanzés n’en est encore qu’a son début.
Pourra-t-elle un jour déboucher sur I’identification de nouvelles molécules
utilisables par la médecine humaine ?

On peut I’espérer, car déja des brevets ont été déposés pour exploiter les
propriétés de I’ Aspilia. '

En tant qu’ethnopharmacologues, nous savons tous qu’il faudra pour-
suivre ces études de la maniére la plus rationnelle possible, avec une
rigueur sans faille. Mais, arrivés 2 la fin de I’histoire, pourquoi ne pas
réver un peu. Imaginer un monde ot tout nous a été donné dés le départ, et
dont nous, pauvres humains, & force d’évolution, avons perdu le code.
Alors pourquoi ne pas se retourner vers les animaux, qui eux savent encore
... peut-étre,
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