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Development of helminthes resistance to chemotherapeutic drugs coupled with high costs and misuse 
of conventional drugs call for the search of medicinal plants as alternative source of helminthes 
control. In vitro studies were conducted to determine the anthelmintic activity and phytochemical 
compounds of Zanthoxylum chalybeum. Bioassay was conducted using 70% ethanol and aqueous 
extracts’ in serial dilutions parallel to serial dilutions of albendazole in three replicates. Ascaris suum 
model was used for the assays. Phytochemical methods and thin layer chromatography (TLC) were 
used for qualitative phytochemical analysis. The aqueous and ethanolic extracts of the Z. chalybeum 
inhibited 100 and 93% worm motility, respectively for 48 h post exposure. There was significant 
differences in motility inhibition by all dose levels’ that were dose-dependent when compared with 
negative control (F(5, 53) = 10.62, P = 0.001; R

2
 = 0.92). There was a significant difference in mean motility 

inhibition by the different methods of extraction (F(2, 53) = 323.80, P = 0.001). The ED50 of ethanolic and 
aqueous extracts were 30.85 and 6.28 mg/ml, respectively. The potency of the plants extracts and 
albendazole significantly differed (P = 0.001). The extracts contained tannins, saponins, flavonoids, 
alkaloids, reducing sugars, coumarins derivatives, anthracenones, and anthocyanins. TLC 
characterization indicated the presence of polyphenols and sapogenins. In conclusion, Z. chalybeum 
root extracts showed anthelmintic potential and the phytochemical compounds present justify the 
plant’s ethno-veterinary use and could be used as improved traditional medicines. 
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INTRODUCTION 
 
Helminthes infections remain a big challenge both in 
developed and developing countries despite being the 
most neglected among the healthcare systems. This is 
attributed to their chronic debilitating nature and the 
epidemiological characteristic of continuous contamina- 
tion of the environment. In developing countries, the 

disease may be attributed to lack of resources to 
regularly de-worm affected individuals in addition to 
development of parasite resistance to conventional drugs 
resulting from poor use of drugs. Moreover, parasites 
infections are like to increase in the face of climate 
change (Weaver et al., 2010; Tinsley et al., 2011). It is
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well documented that parasites undergo evolution to 
adapt to opportunities presented by climate change or 
anthelmintic use or undoubtedly as a manifestation of 
‘survival of the fittest’ (Sargison et al., 2007; Davey et al., 
2009). The different control strategies including the use of 
anthelmintics, grazing management and improvements in 
sanitation, are available for gastrointestinal nematode 
infections, but these control methods are associated with 
many problems, such as development of resistance to 
the currently available chemotherapeutic anthelmintic 
drugs (Kaplan et al., 2004; Wolstenholme et al., 2004; 
Melaku et al., 2013). According to Ian et al. (2007), it was 
concluded that “whether poor or rich livestock farmers, 
depending on their production systems and market 
conditions, the value of the animals in question may not 
warrant the cost of the professional veterinary care and 
inputs”. Consequently, rural communities resort to using 
medicinal plants to treat symptomatic clinical signs of 
which they have continued to claim effectiveness. 
However, efficacies of the claimed potent plants have not 
been investigated to validate their traditional use as 
anthelmintics. One of these plants includes Zanthoxylum 
chalybeum Engl. (Nalule et al., 2011) called Chewing 
stick in West Africa.  

Z. chalybeum commonly known as knob wood is a 
deciduous spiny shrub or tree up to 12 m, often growing 
around termite mounds and in medium to low altitudes in 
dry woodland or grassland, with mean annual rainfall of 
750 to 1500 mm (Dharani et al., 201). Z. chalybeum is 
commonly used by the pastoralists’ communities in the 
semi arid Uganda commonly referred to as “cattle 
corridor” to treat a multitude of diseases of man and 
livestock. The root bark is used in treatment of internal 
parasites in livestock, treatment of odontitis, constipation, 
toothache and as mouth wash in humans while the 
leaves are used as beverage (Tran, 2011). Z. chalybeum 
is used to treat esophageal candidiasis and the root bark 
is powdered and added to tea (Runyoro et al., 2006). 
Recently, it was reported that in Kenya, the root bark 
concoction is used to treat malaria (Nguta et al., 2010). The 
fresh twigs of the plant from East Africa are used as 
toothbrush, air fresheners and for skin infections (Johns et 
al., 1990). In vitro anti-measles virus activity of the plant 
seed (Olila et al., 2002), antibacterial and antifungal 
activities (Olila et al., 2001a) as well as antiviral and 
trypanocidal (Olila et al., 2001b) have been reported. 

In the cattle corridor, the root bark is used to treat 
internal parasites, while the leaves are used as beverage 
(Katende et al., 1995). In Tanzania, the fresh leaves of 
the plant are pounded with leaves of Acalypha fruticosa 
and Suregada zanzibariensis and the resulting juice is 
used to treat skin infections (Hedberg et al., 1983b). The 
fresh twigs of the plant from East Africa are used as 
toothbrush, air fresheners and for skin infections (Johns et 
al., 1990). In Kenya, antimicrobial activity of the root bark 
against Bacillus subtilis, Penicillium crustosum and 
Saccharomyces cerevisiae was reported (Taniguchi et 
al., 1978). In vitro anti-measles virus activity  of  the  plant  

 
 
 
 
seed ethanol extract was demonstrated where the 
alkaloid skimmianine was reportedly responsible (Olila et 
al., 2002). Antibacterial and antifungal activities have 
been demonstrated (Olila et al., 2001a) as well as 
antiviral and trypanocidal (Olila et al., 2001b). Despite 
several reports on the traditional use of Z. chalybeum, 
l ittle is known about the effectiveness or potential of Z. 
chalybeum as an anthelmintic plant. This study was 
therefore undertaken to determine the anthelmintic 
effectiveness of the ethanol and aqueous root back 
extracts on gastrointestinal nematodes using Ascaris 
suum model and to determine the Z. chalybeum 
qualitative phytochemical composition.  
 
 
MATERIALS AND METHODS 
 
Collection of plant  

 
The root bark of Z. chalybeum was collected from the Ugandan 
cattle corridor in Nakasongola district based on the study conducted 
between January and March, 2010. Sample of the plant species 
used were collected and identified by a plant taxonomist at the 
Department of Botany Herbarium, Makerere University. 
 

 
Dosage adopted by community 

 
The amount of the plant parts used by the community was collected 
from five individuals. The fresh plant part amounts of each 
individual were weighed and the weights were recorded. The 
individual materials were oven dried at 60°C and thereafter re-
weighed and the mean recorded. The amount of the water used by 
the community for extracting active ingredient was considered and 
this was considered in dosage determination. 
 

 
Extraction of crude plant active ingredients and extraction 
efficiency determination 

 
Two hundred fifty grams (250 g) of dry plants material were 
macerated in 2000 ml of 70% ethanol for 72 h with intermittent 
shaking in duplicates. Filtration through cotton wool was done to 
remove coarse particles (residues) and finely through filter paper 
(Whatman®, England). The filtrate was concentrated on Rota-vapor 
type Buchi-R, Switzerland under reduced pressure at 40°C and 

oven-dried at 50°C. The mean yield of the duplicate samples were 
determined and recorded and thereafter packed into universal 
bottles and kept at 4°C till needed for bioassay tests. 

Similarly, 250 g of fresh dried materials of the study plants were 
soaked in 2 L of distilled water with intermittent shaking for 72 h. 
Thereafter, filtering was done to remove coarse material first with 
cotton wool and finely with Whatman filter paper (12.5 mm). The 
filtrate was concentrated under reduced pressure in a rotar 
evaporator as earlier mentioned. The concentrated filtrates were 
then evaporated to dryness in an oven at 50°C and yield was 
recorded. The water extracts were used shortly after drying to avoid 
spoilage since it was not freeze dried. 
 

 
Collection and maintenance of worms  

 
Adult worms were collected from small intestines of pigs obtained 

from the slaughter house in Kampala, Uganda. The adult worms 
were collected and transported in flask containing Goodwin’s 
solution to the pharmacology laboratory, in the School of Veterinary  



 
 
 
 
Medicine and Animal Resources, Makerere University. In the 
laboratory, the active worms were washed in warm water at 37°C 
and placed in a clean flask where they were maintained in 
Goodwin’s solution according to Lamson and Brown (1936) and 
Donahue et al. (1981) till the setting of the experiment.  
 
 
Preparation of Goodwin’s physiological solution 
 
Goodwin’s physiological solution was prepared from a number of 
chemical compounds including calcium chloride (0.20 g), glucose 
(5.0 g), magnesium chloride (0.10 g), potassium chloride (0.20 g), 
sodium bicarbonate (0.15 g), sodium chloride (8.0 g) and sodium 

hydrogen phosphate (0.5 g). All dissolved in 1000 ml of distilled 
water. Calcium chloride was added later after dissolving others and 
glucose was added shortly and the resultant solution was pre-
warmed to 37°C before putting in the warms. 
 
 
Bioassay experimental design  

 
In preliminary experiments, the criteria used for assessing the 

effects of crude plant extracts on the motility of adult A. suum was 
developed and combined in the procedures described by Kotze et 
al. (2004), Paolini et al. (2004) and Marie-Magdeleine et al. (2009). 
Motility inhibition test using A. suum was selected due to its 
suitability for use in field or laboratory settings and ease of parasite 
identification as well as previous reports of its application to detect 
resistance

 
to both the benzimidazole and macrocylic lactone drug 

groups (Gill et al., 1981).  
Eighteen 250 ml conical flasks were grouped into six groups with 

three replicates each. To each of the three flask of group one, 100 
ml of Goodwin’s solution was added to act as negative control. To 
groups 2 to 6, serial dilutions of ethanolic crude plant extract 
ranging from 6.25 to 100 mg/ml for Z. chalybeum were added. In a 
parallel set up, 18 conical flasks were divided into six groups to 
cater for the negative control and the five level serial dilutions 
(concentrations from 6.25 to 100 mg/ml) of positive control 
(Albendazole 10%). At the end of the experiment, the procedure 

was repeated with serial dilutions of aqueous crude extract ranging 
from 4.5 to 72 mg/ml. The lowest dose level represents half of the 
community dose based on extraction efficiency. Stock solutions 
were prepared by first dissolving weighed amount of the extract in 5 
to 10 ml of dimethyl sulfoxide (DMSO), then diluted by Goodwin’s 
physiological solution to 600 ml mark to make the highest 
concentration (mg/ml) with the same solution. Ten average size 
motile adult worms were randomly placed in each of the flask. The 
flasks and their contents were incubated at 37°C and checked for 
motility at 24 and 48 h during which all the parasites in each flask 
were assessed for paralysis, death or motility (active) and were 
recorded. A motility index was calculated as the ratio between the 
numbers of immobile worms/total number worms in the 3 flask per 
concentration. 
 
 
Phytochemical screening 

 
Detection of specific phytochemical compounds 
 
The aqueous and ethanol extracts were qualitatively phyto-
chemically analyzed using the standard methods described by 
Harbone (1973, 1998) and Tchamadeu et al. (2010) for the 
presence of alkaloids salts (Meyer’s and Drangedorffs test), tannins 
(Styassny’s reagent), saponins (foaming test), flavonoids (Shibata’s 
reaction), reducing sugars (Fehling’s tests), anthracenocides 

(Borntagen’s reaction), coumarins (colour fluorescence under UV 
light), glycosides and triterpenoids (Liebermann-Burchard’s test) 
and anthocynosides. 
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Separation of chemical groups by thin layer chromatography 
(TLC) 
 
The separation of the various chemical groups was done on freshly 
prepared dry material plants extracts. A qualitative TLC analysis on 
silica gel was performed on of Z. chalybeum extracts in different 
migration systems according to Harborne (1973, 1998). Different 
detection agents were used with the purpose of characterizing the 
active principles responsible for biological effects or medicinal 
benefits. Vanillin–sulfuric acid reagent was employed for revealing 
terpenoid spots (triterpenes and saponins) while antimony 
trichloride was used for detection of development of blue-violet or 
brown spots indicative of polyphenol compounds (Wagner and Blatt, 

1996). TLC analysis on silica gel was performed in chloroform/ 
methanol (9:1 v/v), EMW (100:17:13, v/v/v) and Xylene:MeOH (4:1, 
v/v) with antimony trichloride in concentrated HCL and vanillin 
sulphuric acid sprays for detection. Chromatograms were visualized 
in visible light and by ultra violet (UV) irradiation (254 nm). 
Preparatory chromatographic glass plates were prepared by 
dissolving 100 g of absorbent silica gel, in 250 ml of distilled water 
(1:2.5) which was spread on glass plates and left in situ to dry 
overnight followed by activation by heating in the oven at 120°C for 

40 min.  
To a stationary phase (silica gel), extract drops were put on a 

mark and immersed in a preferred solvent system to wait for 40 min 
of mobile phase movement followed by drying and visualization 
under vis ible light and UV irradiation (254 nm) during which the 
relative fractions (Rfs) of fluorescent spots were recorded. 
Thereafter, the plates were sprayed with antimony trichloride 
(phenolics compounds) and vanillin agents and heated at 120°C for 
10 min after spraying with the reagents following standard 

procedures (Ciulei, 1964; Harborne, 1973; Wagner and Blatt, 1996) 
and the spot colors and distances moved were recorded against 
stationary phase.  
 
 

Data analysis and determination of ED50
 
of the extracts 

 
The bioassay data was analyzed by the Generalized Linear Model 

procedures for regression, ED50 determination. Graph Pad Prism 
version 5.01 software (Inc San Diego, CA USA) and GenStat 
Release 13.2 (PC/Windows7) softwares were also used to 
determine the means of percent motility inhibition, regression 
equations (Y(1,2,3) = A (1,2,3) + C(1,2,3)/(1 + EXP(-B(1,2,3) × (X – M(1,2,3))))) 
and 95% confidence intervals (CI) and to generate the dose-
response curves. Two-way analysis of mean variance was carried 
out in GenStat Release 13.2 followed by Bonferroni post hoc t-test 
and p- value = 0.05 was used for significance level.  
 

 
RESULTS 
 

Community dosage and extraction efficiency of Z. 
chalybeum in water and 70% ethanol solvents 
 

The mean dry weight of root bark used by the community 
was established to be 165.70 ± 11.88 g which was boiled 
in 2 L of water. The mean yields and extraction efficiency 
of 250 g of the plant dry material in ethanol and water 
solvents are shown in Table 1. 
 
 
In vitro anthelmintic activity of ethanolic and aqueous 
extracts of the selected plants 
 

The 48 h exposure of adult A. suum to both ethanolic and  

http://login.oaresciences.org/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6TD7-4V4KPYR-4&_user=5062602&_coverDate=04%2F06%2F2009&_rdoc=17&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235191%232009%23998389998%231007089%23FLA%23display%23Volume)&_cdi=5191&_sort=d&_docanchor=&_ct=32&_acct=C000066220&_version=1&_urlVersion=0&_userid=5062602&md5=36eafc6ff0ddb907a617566a0918885f
http://login.oaresciences.org/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6TD7-4V4KPYR-4&_user=5062602&_coverDate=04%2F06%2F2009&_rdoc=17&_fmt=full&_orig=browse&_srch=doc-info(%23toc%235191%232009%23998389998%231007089%23FLA%23display%23Volume)&_cdi=5191&_sort=d&_docanchor=&_ct=32&_acct=C000066220&_version=1&_urlVersion=0&_userid=5062602&md5=36eafc6ff0ddb907a617566a0918885f
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Table 1. Solvent extraction efficiency (g/250 g of dry root bark) of ethanolic and aqueous extracts of the crude plants’ extracts. 
  

Variable Ethanolic extract (Mean ± SEM (g)) Water extract (Mean ± SEM (g)) 

Community adopted dry weights used NA 165.70 ± 11.88  

Extract yield (Mean ± SEM (g)) 38.80 ± 4.30
b
 56.67 ± 1.67

a
 

Extraction efficiency (%)  15.6 22.7 
 

Comparison was done between the solvents used and values with different superscript in a row are statistically significant (P = 0.004). 
 
 

 
Table 2. The dose-response effects of crude extracts of Zanthoxylum chalybeum on adult Ascaris suum motility 48 h 

post treatment. 
  

Treatment 
Dose 

(mg/ml)* 

Motility inhibition 

(Mean ± SEM (%)) 

95% confidence interval of 
motility inhibition 

Ethanolic extract 

0.00 0.00 ± 0.00
a
 -11.27 - 11.27 

6.25 16.67 ± 3.33
b
 5.40 - 27.93 

12.50 33.33 ± 3.33
c
 22.07 - 44.60 

25.0 56.67 ± 8.82
d
 45.40 - 67.93 

50.0 83.33 ± 3.33
e
 72.07 - 94.60 

100.0 93.33 ± 5.77
f
 82.07 - 104.60 

    

Aqueous extract 

0.0 0.00 ± 0.00
a
 -11.27 - 11.27 

4.5 26.67 ± 3.33
b
 15.40 - 37.97 

9.0
cd

 63.33 ± 6.67
c
 52.07 - 74.60 

18.0 66.67 ± 3.33
d
 55.40 - 77.93 

36.0 86.67 ± 3.33
e
 75.40 - 97.93 

72.0 100.00 ± 0.00
f
 88.73 - 111.27 

    

Albendazole 

0.00 0.00 ± 0.00
a
 -8.91 - 8.91 

6.25 30.00 ± 10.0
b
 17.76 - 42.24 

12.50 46.67 ± 12.20
c
 34.43 - 58.91 

25.00 76.67 ± 8.82
d
 64.43 - 88.91 

50.00 90.00 ± 5.77
e
 77.76 - 102.24 

100.00 100.00 ± 0.00
f
 87.76 - 112.24 

 

*Three replicates per treatment dose; Number of worms used, N = 10; 
cd

Dose adopted by
 
community; Goodwin’s solution 

used in negative control. Mean values in the same treatment with different superscript in a column are statistically 
significant (P < 0.05). 

 

 
 

aqueous extracts at different concentrations produced a 
comparable and dose-dependent reduction in motility 
and/or mortality to the negative and positive control 
groups (Table 2). A significant difference in all dose 
levels on motility inhibition that was dose-dependent 
irrespective of solvent used for extraction when 
compared with negative control was observed using 
generalized linear model; Z. chalybeum (F (5, 53) = 10.62, 
P = 0.001; R

2 
= 0.92). There was however, no significant 

variation (P > 0.05) in motility inhibition when the plant 
crude ethanolic and aqueous extracts were compared 
with the positive control, albendazole. Similarly, there 
was no significant interaction between methods of 
extraction and the dose effect on motility inhibition in (F(10,  

53) = 1.69, P = 0.125). 
 
 
Median effective dose (ED50) and anthelmintic 
potency of plant crude extracts 
 
Table 3 presents the median effective dose (ED50) of the 
root bark extracts and positive control while Figure 1 
demonstrates the potency of the plant extracts as 
compared to albendazole. The results showed that the 
aqueous extract was more potent than the albendazole 
and ethanolic extract demonstrated by the shift of the 
graph to the left. The median effective doses of Z. 
chalybeum extracts and albendazole significantly differed 
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Table 3. The median effective doses (ED50) of the ethanol and water extracts and albendazole.  
 

Extract/treatment  Worm motility inhibition (%) Median effective dose (ED50) (mg/ml) 95% CI of ED50 

Ethanol  93 30.85
a
 15.73 - 60.50 

Water  100 6.28
b
 3.79 - 10.41 

Albendazole 100 15.12
b
 6.95 - 32.90 

 

Comparison was done between the ED50 of solvents used and values with different superscript are statistically significant (P < 0.05). 
 
 
 

Table 4. Phytochemical constituents of water and ethanol extracts of Z. chalybeum root 

bark. 
 

Tested compound Aqueous extract 70% Ethanolic extract 

Tannins  ++ ++ 

Reducing sugars + ++ 

Saponins  ++ x 

Alkalloid salts ++ ++ 

Anthracenosides ++ ++ 

Coumarin derivatives ++ ++ 

Flavonosides +++ +++ 

Steroid glycosides ++ ++ 

Triterpenes ++ ++ 

Anthocyanosides ++ ++ 
 

(+) weakly present, (++) moderate, (+++) strongly present, (x) not tested in ethanol extract 
 
 
 

(F(2, 53) = 323.80, P = 0.001). Thus, medicinal plant extract 
potency varies with the method of bioactive ingredients 
extraction.  
 
 
Phytochemical constituents characterization of 
aqueous and ethanolic extracts of Z. chalybeum 
 
Table 4 presents the qualitative phytochemical 
compounds detected in ethanolic and aqueous extracts 
of Z. chalybeum root bark while compounds 
characterization by TLC is shown in Table 5. 
 
 
DISCUSSION 
 
The aim of this study was to determine the anthelmintic 
activity and phytochemical constituents of Z. chalybeum 
root bark utilized by the agro-pastoral communities in 
Ugandan cattle corridor. Indeed, researchers need to 
identify possible candidates for new drug development by 
pharmaceutical industries to address the drug resistance 
and emerging diseases.  

The results of this study have shown the 
anthelmintic potential of the Z. chalybeum and 
support the claims by the Nakasongola agro-pastoral 
farmers and previous reports that this plant treats 
helminthes infections in livestock (Nalule et al., 2011). 
However, the study revealed a wide variation in the 
dosage adopted by the community which shows that 

different individual using the plants achieves different 
control benefits. The community probably uses that 
amount due to the fear that the plant may be toxic in 
higher doses. Continued administration of low doses of 
plant crude extract to parasites may lead to the risks of 
development of resistance from repeated low doses 
exposure.  

The study also revealed that the solvent used in 
extraction of active ingredient affect the anthelmintic 
activity obtained. This may be attributed to the types of 
compounds that are extracted depending on polarity and 
solubility in different solvents, and their biological effects 
on parasites. Other studies made similar observations 
(Gakuya, 2001; Costa et al., 2008) where they used 
different solvents for extraction observed varying 
bioactivity results. The study revealed that both the 
aqueous and ethanol extracts of the root bark of Z. 
chalybeum, significantly inhibited A. suum motility in a 
dose-dependent response by paralyzing them or causing 
their death with varying efficacies when compared with 
albendazole demonstrating the anthelmintic potential of 
the medicinal plants in the Ugandan cattle corridor. The 
variation in efficacy may also be attributed to the method 
of extraction, which may have yielded specific 
compounds, source of parasites and previous exposure 
to the plants. Waterman (1992) reported that plant 
metabolites are unstable molecules and their biological 
activity are dependent on their structure, physical and 
chemical properties. It is therefore possible that the 
parasite paralysis and/or death observed may have  been
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Table 5. Thin layer chromatography characterization of Z. chalybeum compounds under different solvent systems, sprays and observations regimes. 

 

Chloroform/Methanol (9:1, v/v), solvent front 11.0 
 Ethyl acetate/Methanol/Water 

(100:17:13, v/v/v) solvent front 10.0 
 Xylene/Methanol (4:1, v/v) solvent 

front 10.0 

Rfx100 
Visible 
light 

UV 

light 

Antimony 
trichloride 

spray 

Vanillin 
spray 

 
Visible 
light 

UV 
light 

Antimony 
trichloride 

spray 

Vanillin 
spray 

 
Visible 
light 

UV 

light 

Antimony 
trichloride 

spray 

Vanillin 
spray 

8.0 Y B Y Y  B B - -  - Y - - 

16.7 - O Y -  - - - -  DY  - - 

20.0 - - - -  - - - -  - O - P 

22.7 Y - - Y  - - - -  -  - - 

25.0 - LB B P  B B Y -  -  - - 

35.4 - O - -  OY OY - OY  Y DB - - 

43.7 - - BR -  - - - -  -  BR - 

44.0 - - - -  - - - -  - LB - - 

50.0 - - - -  - - - -  - BR - - 

53.1 - - - -  - - - -  LY  - - 

56.4 - - - -  B B - -  -  - - 

57.6 - - - -  - - - BR  -  - P 

61.8 - - - -  - - - -  -  PK - 

62.9 - - - -  - - - -  -  - P 

64.5 - - - -  - - - -  - B - - 

75.5 - - - -  - - - -  - O - - 

84.1 - - - -  - - - -  LY  - - 

86.5 - - P -  - - PP -  -  Y DB 

87.1 - Y - -  - - - -  - O - - 

91.5 - - PK PK  - - - -  -  - - 

93.2 - B - -  B - - -  -  - - 

96.0 - - GY -  - - - -  -  - - 

97.3 - O - BR  O - - BR  -  - - 

98.5 - - Y G  - - - -  -  - - 

Total spots 2 6 8 6  6 - 2 3  4 8 7 4 
 

Y=yellow; G=green; DG =dark green; LY=light yellow; P=purple; PK=pink; DY=deep yellow, B=Blue; O=orange; LB=Light blue, DR=deep red; R=red; BR=brown; DB=dark 
brown; GY=grey; V=violet. Spots at same Rf with similar colours are similar or related. 

 

 
 

attributed to plant metabolites (Table 4) like tan-
nins, alkaloids salts and saponins among others 
(Makut et al., 2008). This study identified the 
presence of tannins, saponins, alkaloid salts, 

anthracenosides, coumarin derivatives, flavono-
sides, steroid glycosides, triterpenes and 
anthocyanosides. However, other studies on Z. 
chalybeum had revealed the presence of other 

specific compounds. For instance, structure eluci-
dation using nuclear magnetic resonance (NMR), 
ElMS and UV spectroscopy by Aluoch (2000) who 
reported the presence of the benzophenanthridine 
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Figure 1. Dose-response curves of adult Ascaris suum motility inhibition by ethanol and water 

crude extracts of Zanthoxylum chalybeum and albendazole, 48 h post treatment. Nonlinear 
regression curves of treatments are defined as; Y(1,2,3) = A (1,2,3) + C(1,2,3)/(1 + EXP(-B(1,2,3) × (X – 
M(1,2,3)))). Where Y(1,2,3) are proportions of worm motility inhibited by ethanol, water extracts and 

albendazole. A is Y-value when X=0; C is the top – bottom of each curve, that is, X=0 and X= maximum; 
B is a rate constant expressed as reciprocal of X; M is random error and X is the dose of treatment 

(ethanolic, aqueous and albendazole). A1, A2, A3 and C1, C2, C3 are parameter estimates for 
ethanolic and aqueous extracts and albendazole, respectively given as 0.03, -4.90, 2.93 with 
s.e of, 5.93, 8.94, 6.20, respectively and 104.0, 112.7, 103.0 with s.e of 16.0, 21.3, 13.2 
respectively. While, the constants B1, B2, B3 = 3.411, 2.60, 3.333 with s.e of 0.982, 0.979, 0.946 
respectively and M1 M2, M3 = 1.335, 0.962, 1.1672 with s.e of 0.104, 0.114 and 0.0887 
respectively. X = treatment doses (level 1 to level 6) for each treatment). Percentage variance 
accounted for 92.3 and standard error of observations was estimated to be 9.87. The error bars  
show the standard error of the percent worm motility inhibition. 

 

 
 

alkaloids dihydrochelerythrine and chelerythrine, the 2,6- 
diaryl-3,7-dioxabicyc1o[3.3.0]octane lignans (+) sesamin 
(3) and (-) asarinin (4), the quinolone alkaloid 4-methoxy-
N-methyl-quinolin-2-one (5) and the triterpene. Different 
studies (Kato et al., 1996; Olila et al., 2002) have 
reported the presence of alkaloid skimmianine while 
another study on Z. chalybeum root and stem bark have 
reported the presence of polyphenols and their anti-
plasmodial and oxidant activity (Stangeland et al., 2010). 
It is therefore likely that these compounds could have 
anthelmintic activity that may have worked singly or in 
combination to cause the motility inhibition or paralysis of 
the worms that was achieved in all the studied crude 
extracts. Synergistic interactions have been suggested to 
underlie the effectiveness of phyto-medicines that lead to 

better activity as well as decrease potential toxicity of 

some individual constituents (Kaufman et al., 1999). It 
has also been reported that the plant metabolites action 
may be additive, synergistic or antagonistic in manner 
acting at single or at multiple target sites (Briskin, 2000; 
Wynn and Fougere, 2007).  

Nevertheless, it is well documented that some 
anthelmintic drugs like the benzimidazoles (BZD) kill the 
parasites by binding to a specific building block, the beta 
tubulin and prevent its incorporation into micro-tubules 
which are essential for energy metabolism (Schoenian, 
2008). The benzimidazole anthelmintics are said to act by 
interfering with the microtubule system in A. suum 
(Barrowman et al., 1984). Thus, these compounds could 
have caused their effect  through  the  same  mechanism. 
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Paralysis of worm tissues makes them unable to feed 
leading to death as a result of lack of energy. It is also 
likely that alkaloids present in the plants could also have 
contributed to the paralysis and consequent death of the 
worms. The nematocidal activity of alkaloids had also 
been demonstrated when they used two rat nematodes; 
Strongyloides ratti and Strongyloides venezuelensis 
models for human nematodes (Satou et al., 2002). 
Alkaloids salts on the other hand are competitive 
antagonists at muscarinic acetylcholine receptor 
preventing the binding of acetylcholine and are reportedly 
physiologically active with sedative and analgesic 
properties in addition to leading to excitation of cells and 
neurological dysfunction (Tarnopolsky and Beal, 2001). 
On the other hand the saponins present in the crude 
extract could have caused feed refusal and starvation 
of the parasites leading to their death from lack of 
energy. Similar views on saponins effects of feeding 
were held by other authors who also reported that 
saponins kill protozoans and molluscs (Dalsgaard et al., 
1990; Francis et al., 2002). It is also probable that in vivo 
paralysis lead to loss of grip of parasites on the gut wall 
leading to the spontaneous expulsion of parasites 
together with feaces.  

The roles of tannins in helminths control have been 
documented (Athnasiadou et al., 2001a; Cenci et al., 
2007; Forbey et al., 2009). The nematocidal activity of 
tannin extracts has also been reported with evidence of 
anthelmintic properties of condensed tannins by series of 
in vitro studies (Dawson et al., 1999; Athanasiadou et al., 
2001a; Ademola and Idowu, 2006) and in vivo studies 
(Butter et al., 2001). Chemically, tannins are polyphenolic 
compounds (Bate-Smith, 1962) and synthetic phenolic 
anthelmintics like niclosamide and oxyclozanide are said 
to interfere with energy generation in helminths parasites 
by uncoupling oxidative phosphorylation (Martin, 1997). It 
is possible that tannins contained in ethanol and water 
extracts of Z. chalybeum produced similar effects. It was 
also suggested that tannins bind to free proteins in the 
gastrointestinal tract of the host animal (Athanasiadou et 
al., 2001b; Hoste et al., 2006) or glycoprotein on the 
cuticle of the parasite disturbing the physiological 
functions like motility, feed absorption and reproduction 
(Aerts et al., 1999; Githiori et al., 2006) or interference 
with morphology and proteolytic activity of microbes 
causing death (Min et al., 2003; Waghorn and McNabb, 
2003). Alternatively, the presence of alkaloids salts which 
are physiologically active with sedative and analgesic 
properties could have contributed to the paralysis and 
consequent death of the worms. Alkaloids have been 
reported to be toxic resulting from their stimulatory effects 
that lead to excitation of cells and neurological 
dysfunction (Rujjanawate et al., 2003). 

The study further established that the anthelmintic 
activity of the plant extracts varied among the increasing 
concentration and incubation period. Increasing effect 
with increasing concentration could be due to the fact that  

 
 
 
 
some chemical compounds slowly get released and their 
effect depends on saturation of target receptors. Similar 
observation were made by Lullman et al. (1993) who said 
that the receptors get saturated with increasing dose of 
active ingredient that increases with incubation period. It 
is likely that at higher concentration all binding receptors 
on the worms were occupied thus leading to 
hyperpolarisation of membranes limiting excitation and 
impulse transmission, thus causing flaccid paralysis of 
worm muscles (Wasswa and Olila, 2006).  

The extract potency (Figure 1) may be a result of 
synergistic action of some compounds present in different 
extracts. Despite the many compounds present in 
extracts, it is likely only a few that could be important as 
anthelmintics. The great variation in potencies based on 
the ED50s (Table 3), could be due to presence of 
difference in compound structure as some could have 
occur as an isomer or derivatives of the bigger molecules 
and their difference in concentration. Occurrence of 
several fluorescent spots in TLC at different relative 
fractions (Rfs) within a given system under same 
observation conditions may be suggestive of the 
presence of same compounds but different molecular 
mass, or isomers, or derivatives of a given class of 
compounds and probably the same chemical structure. 
The appearance of the pink/purple colour under vanillin 
spray may be suggestive of the presence of phenolic 
compounds while purple staining with antimony chloride 
probably indicate the presence of sapogenins in 
CHCL3:MeOH system according to Harbone (1984). TLC 
characterization results typically demonstrate these minor 
differences in structure thus concentration. Similar 
observations were made by Waterman et al. (2010). It is 
likely that the solvent used in extraction of active 
ingredients could be responsible for the crude extract 
potency. This is in support of the observations made by 
Malu et al. (2009).  

The compound could also be having similar functional 
groups though not the same but with some relationship 
and absorbing at different wavelength. It is also probable 
that the richer the plant species in bioactive compounds 
the more effective and potent since the compounds work 
in isolation or in combinations to bring about biological 
effects in the animal through synergy and/or additive 
action to enhance the medicinal value of the group of 
compounds. The compounds present in the extract 
probably justify their use by the community for health 
benefits.  
 
 
CONCLUSION AND RECOMMENDATION 
 
This study results suggest that the root bark of Z. 
chalybeum have potential anthelmintic activity justifying 
their traditional ethno-veterinary use by the pastoral 
communities not withstanding under dosing revealed in 
the cattle corridor of Uganda that  could  be  exploited  for 



 
 
 
 
sustainable livestock helminths control or reduce the risk 
of helminths resistance to conventional drugs. 

The study has also shown that the efficacy and potency 
of the plant extract depend upon the solvents used to 
extract the bioactive ingredient although ethanol and 
water solvents could be used interchangeably to take 
advantage of preservation of ethanol and economics of 
aqueous solvents.  

The phytochemical constituents present in the 
plant validates the basis for their use as anthelmintic 
“drugs” and direct to plant’s role in medicinal uses. 
However, the plant needs to be studied in vivo to 
establish the effect of digestive enzymes on efficacy in 
addition to determining toxicity in animals, bioavailability 
and bio-acceptability and safety of this noble plant 
species.  

Over-harvesting of roots could lead to endangerment 
of this tree, should commercial exploitation break-even or 
routine used for preventive purposes on a flock-wide 
basis. Given that the Z. chalybeum roots are targeted by 
current users, it is warranted to assess the anthelmintic 
activity of leaves that would allow for less destructive 
harvesting to promote its conservation. 
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