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In vitro Testing of the Biological Activity of 
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ABSTRACT. Chimpanzees Pan troglodytes in Kibale National Park, Uganda occasionally swallow 
entire leaves of Rubia cordifolia (Rubiaceae) without chewing them. The leaves are subsequently 
egested with minimal damage and no sign of any significant digestion. Similar behavior reported 
elsewhere has been proposed to have medicinal effects. Here we test the hypothesis that chemical com- 
ponents in swallowed leaves have negative effects on intestinal nematodes. We used an in vitro assay 
to detect the effects of methanol extracts of R. cordifolia leaves on nematodes, Strongyloides spp., 
cultured from feces. Control extracts were distilled water, methanol solution, and methanol extracts 
of food items that were chewed, rather than swallowed, by chimpanzees. Effects of experimental or 
control solutions were assayed by nematode motility. There was no difference in nematode motility 
among control and experimental extracts. This study therefore did not support the hypothesis of 
pharmacological self-medication via leaf swallowing. 
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I N T R O D U C T I O N  

All three species of  African apes occasionally and deliberately swallow whole leaves. The 
leaves come from a variety of  herbaceous and woody species, with as many as seven species 
swallowed by a single population (HUFFMAN & WRANGHAM, 1994: Mahale chimpanzees, 
Pan troglodytes). The functions of  leaf-swallowing have been hypothesized to include con- 
trol of  intestinal parasites (HUFFMAN et al., 1990; HUFFMAN & WRANGHAM, 1994), regula- 
tion of  female fertility (in the case of  Aspilia leaves, PAGE et al., 1992), and amelioration 
of  intestinal pain (WRANGHAM, 1995). Swallowed leaves o f  some Aspilia species have 
been reported to include a chemical with potent pharmacological activity (RODRIGUEZ et al., 
1985), suggesting that leaf-swallowing might have chemical effects on intestinal parasites 
(RODRIGUEZ & WRANGHAM, 1993). However methonol extracts of  leaves from Aspilia 
mossambicensis and other species swallowed by chimpanzees at Mahale have been reported 
to possess no significant biological activity (OHIGASHI et al., 1991). There have been no 
studies of  the effects of  leaf extracts on nematodes or other chimpanzee parasites. 

This report tests the hypothesis that the pharmacological properties of  swallowed leaves 
have negative effects on intestinal parasites, compared to items selected by chimpanzees 
for food. Chimpanzees in Kibale National Park, Uganda swallow leaves of  at least three 
species, Aneilema aequinoetiale (Commelinaceae), Rubia cordifolia (Rubiaceae), and 
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Hyparrhenia cymbaria (Gramineae). From 1988 to 1994 two communities of  chimpanzees 
were monitored in Kibale. At Kanyawara, 2.5070 of  1,696 chimpanzee feces contained whole 
leaves, vs 0.4070 of  1,198 feces at Ngogo. Rubia cordifolia was responsible for 13 (28070) of  
the total 47 cases of  leaf-swallowing recorded (WRANGHAM, 1995). Here we report on tests 
of  R. cordifolia leaves. 

MATERIALS AND M E T H O D S  

Experiments were conducted in the Makerere University Biological Field Station at 
Kanyawara in Kibale National Park, Uganda. For a description of  the study site, see 
CHAPMAN and WRANGHAM (1993). Nematodes were cultured from feces of  baboons Papio 
anubis rather than chimpanzees, because attempts to culture nematodes from chimpanzees 
failed (n = 19). The failure with chimpanzee feces probably occurred because in Kanyawara 
they had lower loads of  nematode parasites than baboon feces, despite a similar diversity 
of  intestinal fauna in the two species (REID & WRANGHAM, in prep.). Fresh fecal samples 
were collected from free-roaming baboons in Kibale National Park. Within 24 hours of  
collection, the feces were cultured for Strongyloides spp. The nematodes were not classified 
at the species level. 

Fresh young or mature leaves of  R. cordifolia were collected. For controls we used six 
easily obtained plant items eaten by chimpanzees: pith of Acanthus purpureus (Acanthaceae) 
and Pennisetum purpureum (Gramineae), young leaves of  Myrianthus arboreus (Moraceae) 
and Celtis africana (Ulmaceae), and fruits of  Pseudospondias microcarpa (Anacardiaceae) 
and Ficus sansibarica (Moraceae). Five of these are major  foods for Kanyawara chimpan- 
zees. The sixth (M. arboreus young leaves) is eaten rarely. Twenty grams of  fresh plant 
material were ground with mortar  and pestle. Sixty milliliters o f  80~ methanol were added 
to the ground plant material. The mixture was covered and allowed to stand overnight at 
ambient temperature. After 24 hrs, the liquid was passed through filter paper and stored 
in clear glass vials in the dark. 

The water from cultures positive for nematode larvae was decanted, pooled, and ali- 
quoted into petri dishes. Petri dishes (100 m m  2) had 0.5 cm 2 rectangular grids on the base. 
Five milliliter aliquots of  water containing nematode larvae were added to the petri dishes. 
Distilled water and extracts were added for a final volume of 10 ml. Time points were taken 
at 0, 24, 48, 72, and 96 hrs (+  3 hrs) after addition of the extracts. At each time point, 
six of  the 0.5 cm 2 rectangles in each dish were examined in a consistent pattern and the 
number of  motile and total number of  nematodes per rectangle were recorded. All extracts 
and controls (80070 methanol only) were run in duplicate or triplicate for each assay. 

Ivermectin in clorsulon, glycerol, and propylene glycol, which is often used as a nemati- 
cide, was intended as a control. However no pure clorsulon, glycerol, or propylene glycol 
were available in the field site, so the difference between Ivermectin and these solvents were 
not ascertainable. In vivo administration of  Ivermectin at 200/~g per kg of bodyweight is 
effective against gastro-intestinal parasites (DARLIN6 & TALBOt, 1993), including 100070 
efficacy against Strongyloides (NADYKrO et al., 1986). Future studies should include a 
control of  this type. 

To establish the baseline effect of  methanol on the nematodes, controls were run with 
0, 60, 125, 250, 500, 1,000, and 2,000/A of  80~ methanol in a total volume of  10 ml. 
Standard measurements of  motility vs total number  were taken to assess the greatest con- 
centration of  methanol that could be added without deleterious effects on the motility 
of  the nematodes. 
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RESULTS 

Less than half of  the baboon feces yielded productive nematode larvae cultures (45.8o70, 
n=48).  A baseline of  500 #l of  80~ methanol in a total volume of  10 ml was found to be 
the maximum amount of methanol that could be added to the Strongyloides cultures before 
mortality was recognized. 

The percentage of  nematodes scored as motile at different times varied between 39 and 
96~ Time course analysis showed no trends for increased or reduced motility over the 
96-hr observation periods with experimental or any control solutions. 

Nematode motility was found not to differ among experimental and control solutions. 
Thus, the addition of  500/~l of  R. cordifolia extract to a total volume of  10 ml of  nematode 
culture produced no differences from the methanol or distilled water control [F(8,204) = 1.69, 
p =  0.75]. Similar results were found in all comparisons between experimental and control 
solutions, or among control solutions (i.e. solvents with or without food-item extracts). 

DISCUSSION 

The effects on nematode motility of  solutes extracted from R. cordifolia leaves were 
indistinguishable from the effects of  solutes extracted from chimpanzee food-items. This 
experiment therefore suggests that R. cordifolia leaves had no special biological effects 
on these Strongyloides spp. in their free living and L1-L3 stages. However, experimental 
problems could have interfered with the test. First, 80~ methanol might have failed to 
extract all relevant compounds. Second, the in vitro model did not simulate the complex 
interactions that result from ingestion of  a plant with secondary compounds: in vivo activa- 
tion of  the plants may be necessary to elicit anthelmintic properties. Third, Strongyloides 
alternates between free-living and parasitic stages (SONNENWIRTH • JARETT, 1980). The 
nematodes reared by culturing represent free-living adults and larval stages (L1 through 
L3). Because these stages are adapted to living outside host mammals, they may be less sus- 
ceptible to pharmacological influences than other stages. Ultimately, therefore, an in vivo 
study is needed to assess whether swallowing R. cordifolia leaves provides anthelmintic 
effects for chimpanzees. 

A recent investigation in Mahale has also failed to find evidence in support of  biological 
effects of  three species of  leaves, Aspilia mossambicensis, Trema orientalis, and Aneilema 
aequinoctiale, which were swallowed whole by chimpanzees found to be infected with three 
nematode species, Trichuris trichiura, Strongyloides fuileborni, and Oesophagostomum 
stephanostomum. In the following days no evidence for the inhibition of  egg laying activity 
or nematicidal activity was noted. Only the adult worms of  O. stephanostomum were 
effected; by physical entrapment and expulsion (HUFFMAN et al., 1995). 

There is increasing evidence that the physical properties of  swallowed leaves are an im- 
portant influence on their selection by chimpanzees, because almost all swallowed leaves 
are strikingly rough-haired (HUFFMAN & WRANGHAM, 1994; WRANGHAM, 1995; HUFFMAN 
et al., 1995). This suggests that the physical properties of  swallowed leaves may be at least 
as important as the chemical properties. Unlike bitter-pith-chewing, which appears to be 
a self-medicating behavior based on anti-parasitic chemicals (OHIGASHI et al., 1994), leaf- 
swallowing has yet to show evidence of  pharmacological effects. Until such evidence is 
found, pharmacological effects should not be assumed from swallowed leaves. 
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