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Introduction
 Plant species exerting anthelmintic activity are widely reported to 
have a variety of active photochemical [1-4], which collectively give 
them anthelmintic attributes [5]. Moreover, very closely related plant 
species or cultivars from same geographic location share some similar 
principles and others belonging to different biochemical classes; more 
often occurring in various concentrations [6,7]. This anthelmintic or 
antibiotic biochemical disposition among others is suggestive of dif-
ferent efficacies for each of them and the potential of some interaction 
if such plant cultivars were to be used in combination to treat live-
stock helminths. Constituting plant species combinations with similar 
or different anthelmintic principles would most likely increases the 
pool of photochemical, and concentration of those compounds shared 
by both plant species. These biochemical interactions in combination 
therapy have plenty of possible outcomes, some of which may re-
sult to improved activity (synergistic effect), parallel or independent 
activity, antagonistic or mutually inhibitory interaction and bioactive 
domination of some principles by others. 

 The failure of most chemical anthelmintics in current control pro-
grams has ignited research, development and implementation of other 
options that will potentially broaden and increase control strategies. 
Many more control strategies will provide the opportunity to employ 
various options interchangeably in order to sustain efficacy at eco-
nomically beneficial levels [8]. One of such novel practices is the 
combine use of narrow and broad spectrum anthelmintics of different 
classes at carefully targeted and specific times to maximize efficacy, 
with attendant effectiveness of 99.9 % or more [8-11]. Adoption of 
such treatment regime has to be judiciously implemented to ensure 
that animals with unselected sub populations of parasites on the farm 
are retained untreated, in order to avoid development and propagation 
of resistant alleles [8,12]. This strategy has been predicted to con-
serve efficacy span of combinations for as long as 20 years, if adopted 
from inception of anthelmintic discovery that makes up the combi-
nation [13]. Similar combinations have been inadvertently applied 
in ethnoveterinary and ethnobotanical medicines, in the treatment 
of helminths and other microbial infections without profound under-
standing of pharmacological and biochemical bases of their function. 
Relative to efficacy of component members of a wide combination  
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Abstract
 Plant species containing identical putative macromolecules (1) 
alkaloids/condensed tannins, (2) flavonoids and proteases/nitrogen 
compounds (3) were used in pairs across groups to evaluate syner-
gistic interactions in vitro in sheep. Intergroup combinations were 32 
for condensed tannins/alkaloids and proteases/nitrogen compounds 
in sub experiment one (SEP 1); 13 combinations for flavonoids and 
alkaloids/tannin plant species (SEP 2); and 15 combinations for pro-
teases/nitrogen compound and flavonoid containing plant species 
(SEP 3). Each SEP was run thrice. Four grams dry plant vegeta-
tive material was extracted in 70 % ethanol and made up to 100 
ml. Sheep dung rectal grabs pooled to constitute test samples. Five 
grams samples were weighed into Petri dishes and cultured for 12 
days at 27°C. On day 13, treatments dosed with combined crude 
extract at 2.5 ml with double dose concentration of each constituting 
pair, while some controls were moistened and others treated with 70 
% ethanol to eliminate solvent killing effect. Surviving mixed L3 larvae 
counted on day fourteen. Corrected mortalities were adopted as in-
dices of observed combined efficacies. Synergistic effects computed 
following Webb’s method and simple synergy from differences be-
tween observed and expected efficacies (a + b)/2. Any efficacy that 
is less than the expected is antagonistic; any that is higher than Web 
synergy is synergistic; and any that falls between the two is additive. 

There was no antagonism and all plant-to-plant combinations 
achieved additive effects. Efficacies of 14 (97.5 - 100%), nine (96.5 
- 100%) and eight (96.6 - 98.5%) of plant-by-plant combinations 
achieved synergistic effects in SEP 1, SEP 2 and SEP 3, respec-
tively. No association occurred between any of alkaloids, condensed 
tannins or flavonoids with observed efficacy. Multiple regression 
analysis as predictor of observed efficacy did not highlight any rela-
tionship among quantified macromolecules with efficacy for SEP1, 2 
and 3. There was no correlation between any macromolecules with 
observed efficacy. Crude extracts of all combinations exhibited an-
thelmintic activity, which were not attributed to any specific macro-
molecule (s). Evidently, there is more to the active principles involved 
than has been examined in the current study.
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of plant species exerting anthelmintic activity, the combined anthel-
mintic efficacy was largely more potent at treatment of livestock 
nematodes [14]. Similarly, a combined ethnobotanical formulation 
for treatment of round worms in native chicken proved to be very 
efficient and was comparable to existing anthelmintics of choice [15]. 
Socio-economic implications of ethnobotanical treatment of livestock 
helminth are important considerations in the promotion and establish-
ment of efficient and effective treatment regimes, beside pharmaco-
logical, consumer health and environmental benefits.

 Efficacious plant combinations as treatment against helminths, 
will tremendously reduce the frequency of anthelmintic use, and in 
the process conserve efficacy span. Economically, cost of production 
will be reduced and enormous production gains realized as a result 
of better gut integrity, better feed conversion efficiency and reduced 
host morbidity [8,15,16]. Selection for anthelmintic resistance by hel-
minth parasites and correspondingly selection for antibiotic resistance 
by microbes has been intimately linked to frequency of treatment 
among others [8]. Evolution of resistant alleles from recurrent use of 
anthelmintics will be briefly examined to explore some of the advan-
tages plant combinations potentially confer on nematode control.

 Constituting anthelmintic combinations from diverse anthelmintic 
classes usually renders the evolution of multi-alleles for resistance 
intricate and long drawn [17,13]. Single plant species exerting anthel-
mintic activity on their part, naturally harbour a variety of bioactive 
compounds, at which level, evolution of resistant anthelmintic alleles 
is complicated [3,4]. With the constitution of plant combinations, 
phytochemical anthelmintic principles increase tremendously; further 
complicating and rendering evolution of phytochemical anthelmintic 
resistant alleles far more remote or untenable, as huge and fundamen-
tal genetic changes will be required. This pharmacological and genet-
ic interaction strongly motivates the use of plant-plant combinations 
in nematode control programs of livestock. Plants by their biological 
nature are supposedly non-resistible and better suited for sustainable 
helminth and other parasite control programs because of their inher-
ent diverse biochemical disposition.

 It is hypothesized that combinations of plant species possessing 
different anthelmintic macromolecular principles will interact to pro-
duce no synergistic effect and correspondingly that, plant species con-
taining any or all of alkaloids, condensed tannins and flavonoids will 
not have any effect on observed efficacy and synergy. The objective 
of this study was to identify plant combinations possessing different 
macromolecules which would offer more effective remedy for live-
stock nematode control relative to component species in isolation.

Materials and Methods
Collection of vegetative plant material and processing of 
crude extracts

 Selected plant species exerting anthelmintic activity, related fam-
ilies and common names. Sixteen plant species were collected, each 
washed, chopped for those with large/long leaves, and oven dried at 
60°C to constant weight (Oven mark: LABCON, Model5SOEIB, 
Maraisburg 1700).

 Primarily in the current study, intermacromolecular class combi-
nations were constituted to explore how phytochemical interaction 
will affect anthelmintic efficacy and synergy. Correspondingly, quan-
titative contents of alkaloids, condensed tannins and flavonoids were  

also examined for their implication on observed efficacy, simple and 
Webb’s synergies.

Extraction and dosing of sheep dung

 Four grams of each milled plant sample was weighed and extract-
ed in 70% ethanol. When extraction was completed, the volume of 
crude extract was made up to 100 ml. Dung was collected from 18 
sheep as per rectum, pooled and thoroughly mixed. Five gram sam-
ple of faecal material was weighed into Petri dishes and incubated at 
27°C for 12 days. On day 13, each of the cultured samples was dosed 
with 5 ml of combined plant extract, or 2.5 ml each of the designated 
combined pair of crude extracts with double concentration (2 x 2.5 
ml). Negative or untreated controls were processed thus: some control 
samples were watered at time of dosing treated samples, while others 
were treated with 5 ml of 70 % ethanol. Mean parasite count from 
ethanol treated controls was deducted from that of negative controls 
to eliminate any influence on killing by the solvent. All samples were 
further incubated for one day. L3 larvae that survived combined dos-
ing were isolated on day 14, including those of controls following 
Baermann method. Fluid volume (10 ml) was drawn from the stem 
of each funnel into a labelled test tube and allowed to settle for 15 
minutes. Fluid was again drawn from the supernatant of the test tube 
using a Pasteur pipette, filled into a McMaster slide and isolated L3 
larvae counted. Corrected mortality for different samples was com-
puted using Abott’s formula and served as indices of in vitro com-
bined anthelmintic efficacy [18]. Synergistic activity from combina-
tion therapy was evaluated following two different methods. One of 
them was simple synergy, computed as difference between observed 
and expected efficacies, and the other, Webb’s synergy was computed 
following Webb’s fractional product method. Following this meth-
od, if the efficacies of two plant species “A” and “B” represented by 
“a” and “b” the proportion of worms killed, then expected efficacy of 
combinations assuming additive effect is computed thus: Efficacy (A 
+ B) = 1 - ((1 - a) x (1 - b)). Synergistic effect is considered to have oc-
curred when the response of combined administration is greater than 
additive.

Analysis of alkaloids, flavonoids and condensed tannins in 
plant samples

 Alkaloids were quantified following [19]. Five grams of ground 
sample was weighed into a 250 ml beaker, into which 200 ml of 10 % 
acetic acid in ethanol was added and covered to extract for 4 hours. 
The solution was filtered using a fine sieve into a beaker of same 
capacity to the former and the extract concentrated in a water bath to 
¼ its original volume at 100°C. Concentrated ammonium hydroxide 
was added drop wise to completely precipitate extract and solution 
allowed to settle. A precipitate was collected and washed with dilute 
ammonium hydroxide 50:50 volume for volume. The residue was fil-
tered using WhatmanTM 42 filter paper (GE Healthcare UK Limited, 
Amersham Place Little Chalfont, Buckinghamshire HP7 9NA, UK 
and Made in China), oven dried at 60°C and weighed.

 Flavonoids content of selected plant vegetative material was de-
termined following [20]. Ten grams (10 g) of oven-dried plant ma-
terial was milled to pass through a 1-mm sieve, weighed into a 250 
ml sterile beaker, and 100 ml of 80 % aqueous methanol added to it. 
The content was allowed to stand for 10 hours at room temperature, 
while being stirred intermittently with a magnetic stirring bar over a 
magnetic rotor without heat. Each solution was filtered individually  
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through WhatmanTM No 42 filter paper. The filtrate of each sample 
was transferred into pre-weighed 250 ml conical flask and evaporated 
to dryness in a water bath at constant temperature (80°C). Flasks and 
their contents were allowed to cool and subsequently placed in the 
desiccator for one hour to rid them of any moisture. Each of them 
was weighed, and the weight of the sterilized conical flask deducted 
from that of flask and flavonoid. The difference was computed as a 
percentage of flavonoid content of a plant species.

 Correspondingly, condensed tannins were analysed following 
HCl-Butanol proanthocyanidin assay as leucocyanidin equivalent 
[21,22]. By which, one and a half grams (1.5 g) of this material was 
weighed into pre-weighed filter paper (WhatmanTM , number 1, di-
ameter 110 mm, Cat number 1001 - 110, GE Healthcare UK limited, 
Amersham Place, Little Chalfont, Buckinghamshire. HP7, 9NA, UK, 
and Made in China) and Sohxlet extracted in 1% glacial in petro-
leum ether to rid them of pigments and fats that could interfere with 
quantitative determination of condensed tannins. It should be noted 
that added glacial to petroleum ether would serves as antioxidant, 
and prevents condensed tannins from being oxidized and bound to 
vegetative material. Weights of maximum 0.2001 g samples of the 
different plant species were measured into 100 ml plastic centrifuge 
tubes, and 10 ml of 70% aqueous acetone added to extract condensed 
tannins. Centrifuge tubes and their contents were Vortex mixed and 
placed in an ice bath. Samples were subjected to ultrasonic treatment 
for 3 minutes in ice cold water and vortex mixed intermittently for 
12 minutes, resulting to 4 ultrasonic treatments in all. The content 
was centrifuged at 5000 rotations per minute (rpm) for 20 minutes 
at 4°C, and supernatant carefully collected in a glass test tube and 
stored on ice. Appropriate dilutions of tannin extracts with 70% aque-
ous acetone were made. Butanol reagent in a 6 ml volume (950 ml of 
butanol and 50 ml of HCl 37% ) and 0.2 ml of ferric reagent (16.6 ml 
of concentrated HCl 37 % diluted to 100 ml with water to make 2 M 
HCl and 2 g of ammonium ferric sulphate dissolved in it) was added 
to tubes and vortex mixed. Tubes were covered and placed in a heat-
ing bath adjusted to between 96 - 100°C for 60 minutes. At the end 
of the incubation, they were cooled and their absorbances measured 
using Beckman DU®640 Spectrophotometer at visible wavelength of 
light 550 nm. From each of these absorbances was deducted that of an 
unheated mixture (blank). The method allows for appropriate absor-
bances between 0.30 and less than or equal to 0.60 to be considered 
stable and most appropriate. Percentage condensed tannins in each of 
these plant samples was computed following the formula below:

 Percentage condensed tannins in dry matter = A550nm x 78.26 x D/% 
dry matter, where: A550nm

 = Absorbance at 550 nm; 78.26 = Accumu-
lative factor taking into account: extinction coefficient of leucocyan-
idin, mass of sample (200 g) and other factors except dilution; D = 
Dilution factor.

Experimental design and statistical analysis

 Designated macromolecular classes included alkaloids/condensed 
tannins, flavonoids and proteases/nitrogen compounds. These groups 
consisted of: (1) plant species containing alkaloids/tannins and those 
containing proteases/nitrogen compounds (sub-experiment one (SEP 
1)); (2) plant species containing flavonoids and others containing 
alkaloids/condensed tannins (SEP 2); and (3) plant species contain-
ing proteases/nitrogen compounds and others designated as contain-
ing flavonoids (SEP 3). All combinations of plant species were run 
three times each run being replicated thrice. Sub experiment one had 

32 combinations, experiment two 13 and sub-experiment three, 15. 
Data was analysed using the General Linear Model (GLM), Pearson 
correlation and multiple regression of [23].

Results
Sub experiment one (alkaloids/tannins and proteases/ 
nitrogen compounds)

 Observed efficacies of plant species containing alkaloids/tannins 
and of those containing proteases/nitrogen compounds were not dif-
ferent (p= 0.276) but high with mean 95.6 ± 0.12 %. Efficacies of 
combined plant species ranged from 80.8 ± 0.12 % for Ricinus com-
munis/Sarcostema viminale, to 100 ± 0.12 % for Allium cepa/Verno-
nia amygdalina, Allium cepa/Zizyphus mucronata, Ananas comosus/
Crinum macowanii, and Ricinus communis/Zingiber officinale (Table 
1). Differences between observed and expected efficacies (simple 
synergy) were similar (p= 0.47350) with a mean 2.4 ± 0.12 % (Figure 
1). Webb’s synergy of these combinations were similar (p= 0.322), 
with mean -4.0 ± 0.12 %, and ranged from -18 ± 0.12 % for Ricinus 
communis/Sarcostema viminale to 0.9 ± 0.12 % for Ricinus commu-
nis/Zingiber officinale (Figure 1). All fourteen plant species interact-
ed synergistically in combination, while the rest achieved additively. 
There was no correlation of either alkaloids or condensed tannins to 
combined anthelmintic efficacy, but for that of flavonoids (r = 0.204; 
p = 0.0459). Multiple-regression analysis of alkaloids, condensed tan-
nins and flavonoids as predictors of combined anthelmintic efficacy 
yielded no positive results as none of them entered the model at the 
significant level (p = 0.15).

Sub experiment two (flavonoids and alkaloids/tannins)
 Observed anthelmintic efficacies of these combined plant species 
were similar (p= 0.432) and had a high mean 95.2 ± 0.34 %. Observed 
efficacies ranged from 81.3 ± 0.34 % for Crinum marcownii/Urtica 
dioica to 100.0 ± 0.34 % for Gunnera perpensa/Urtica dioica, Nico-
tiana tabacum/Urtica dioica, Sarcostema viminale/Trema orientalis 
and Sarcostema viminale/Urtica dioica (Table 2). Simple synergies 
were not different (p = 0.3814) among combined plant species and  

Plant species Family Common name

Allium cepa Amaryllidaceae Common onion

Aloe vanbalenii Aloeaceae Van Balen’s aloe

Ananas comosus Bromeliaceae pineapple

Bidens pilosa Asteraceae Black-jack

Carica papaya Caricaceae Pawpaw

Crinum macowanii Amaryllidaceae River lily

Gunnera perpensa Gunneraceae River pumkin

Nicotiana tabacum Solanaceae Tobacco

Ricinus communis Euphorbiaceae Castor oil plant

Sarcostemmaviminale Asclepiadaceae (L.) R.Br. subsp. viminale Caustic vine

Trema orientalis Cannabaceae Pigeon wood

Urtica dioica Urticaceae Stinging nettle

Vernonia amygdalina Asteraceae Bitterleaf

Zanthozylum capense Rutaceae Small knobwood

Zingiber officinale Zingiberaceae Ginger

Zizyphus mucronata Rhamnaceae Buffalo thorn

Table 1: Selected plant species exerting anthelmintic activity, related families and 
common names.
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had a mean of 2.9 ± 0.36 % (Figure 1). Webb’s synergy of anthelmint-
ic effects were not different (p = 0.2685) among pairs, with a mean 
-5.4 ± 0.34 % and ranged from -17.7 ± 0.34 % for Crinum marcow-
anii/Urtica dioica to 1.0 ± 0.34 % for Gunnera perpensa/Urtica dio-
ica (Figure 1). Nine combinations interacted synergistically and the 
rest achieved additively. There was no association of any of alkaloids, 
condensed tannins or flavonoids with combined anthelmintic efficacy 
of these plant species. Additionally, multiple regression analysis of 
alkaloids, condensed tannins and flavonoids as predictors or explan-
atory variables of combined anthelmintic efficacy did not qualify any 
to enter at (p = 0.15) significance level.

Combined treat-
ments (A + B)

Observed efficacy 
(A) %

Observed 
efficacy (B)

Observed com-
bined efficacy %

Observed com-
bined efficacy %

Webb combined 
interaction %

Simple 
synergy

Webb’s synergy 
%

Synergistic (S) or Antago-
nistic (A) interaction

All-Alo 82.3 ± 0.13 91.2 ± 0.13 86.8 100.0 ± 0.04 98.4 13.3 ± 0.04 1.6 ± 0.04 S

All-Crin 82.3 ± 0.13 91.2 ± 0.13 86.8 95.2 ± 0.04 98.4 8.5 ± 0.04 -3.2 ± 0.04 A

All-Gun 82.3 ± 0.13 82.4 ± 0.13 82.4 97.5 ± 0.04 96.9 15.2 ± 0.04 0.6 ± 0.04 S

All-Nic 82.3 ± 0.13 91.2 ± 0.13 86.8 97.6 ± 0.04 98.4 10.9 ± 0.04 -0.8 ± 0.04 A

All-Sarc 82.3 ± 0.13 82.4 ± 0.13 82.4 99.9 ± 0.04 96.9 17.5 ± 0.04 3.0 ± 0.04 S

All-Vern 82.3 ± 0.13 82.5 ± 0.13 82.4 100.0 ± 0.04 96.9 17.6 ± 0.04 3.1 ± 0.04 S

All-Zin 82.3 ± 0.13 82.4 ± 0.13 82.4 97.6 ± 0.04 96.9 15.3 ± 0.04 0.7 ± 0.04 S

All-Ziz 82.3 ± 0.13 91.2 ± 0.13 86.8 100.0 ± 0.04 98.4 13.3 ± 0.04 1.6 ± 0.04 S

Ana-Alo 91.2 ± 0.13 91.2 ± 0.13 91.2 97.6 ± 0.04 99.2 6.4 ± 0.04 -1.6 ± 0.04 A

Ana-Crin 91.2 ± 0.13 91.2 ± 0.13 91.2 100.0 ± 0.04 99.2 8.8 ± 0.04 0.8 ± 0.04 S

Ana-Gun 91.2 ± 0.13 82.4 ± 0.13 86.8 99.8 ± 0.04 98.5 13.0 ± 0.04 1.3 ± 0.04 S

Ana-Nic 91.2 ± 0.13 91.2 ± 0.13 91.2 99.4 ± 0.04 99.2 8.2 ± 0.04 0.2 ± 0.04 S

Ana-Sarc 91.2 ± 0.13 82.4 ± 0.13 86.8 95.2 ± 0.04 98.5 8.4 ± 0.04 -3.2 ± 0.04 A

Ana-Vern 91.2 ± 0.13 82.5 ± 0.13 86.9 96.0 ± 0.04 98.5 9.1 ± 0.04 -2.4 ± 0.04 A

Ana-Zin 91.2 ± 0.13 82.4 ± 0.13 86.8 97.6 ± 0.04 99.5 10.8 ± 0.04 -0.8 ± 0.04 A

Ana-Ziz 91.2 ± 0.13 91.2 ± 0.13 91.2 95.2 ± 0.04 99.2 4.0 ± 0.04 -4.0 ± 0.04 A

Bid-Alo 73.5 ± 0.13 91.2 ± 0.13 82.4 83.7 ± 0.04 97.7 1.3 ± 0.04 -14.0 ± 0.04 A

Bid-Crin 73.5 ± 0.13 91,2 ± 0.13 82.4 92.9 ± 0.04 97.7 10.5 ± 0.04 -4.8 ± 0.04 A

Bid-Gun 73.5 ± 0.13 82.4 ± 0.13 78.0 93.6 ± 0.04 95.3 15.6 ± 0.04 -1.8 ± 0.04 A

Bid-Nic 73.5 ± 0.13 91.2 ± 0.13 82.4 97.2 ± 0.04 97.7 14.9 ± 0.04 -0.4 ± 0.04 A

Bid-Sarc 73.5 ± 0.13 82.4 ± 0.13 78.0 95.0 ± 0.04 95.3 17.1 ± 0.04 -0.3 ± 0.04 A

Bid-Vern 73.5 ± 0.13 82.5 ± 0.13 78.0 97.1 ± 0.04 95.4 19.1 ± 0.04 1.7 ± 0.04 S

Bid-Zin 73.5 ± 0.13 82.4 ± 0.13 78.0 83.6 ± 0.04 95.3 5.6 ± 0.04 -11.8 ± 0.04 A

Bid-Ziz 73.5 ± 0.13 91.2 ± 0.13 82.4 96.3 ± 0.04 97.7 14.0 ± 0.04 -1.3 ± 0.04 A

Car-Alo 91.2 ± 0.13 91.2 ± 0.13 91.2 86.1 ± 0.04 99.2 -5.1 ± 0.04 -13.1 ± 0.04 A

Car-Crin 91.2 ± 0.13 91.2 ± 0.13 91.2 87.7 ± 0.04 99.2 -3.5 ± 0.04 -11.6 ± 0.04 A

Car-Gun 91.2 ± 0.13 82.4 ± 0.13 86.8 97.0 ± 0.04 98.5 10.2 ± 0.04 -1.5 ± 0.04 A

Car-Nic 91.2 ± 0.13 91.2 ± 0.13 91.2 99.8 ± 0.04 99.2 8.6 ± 0.04 0.6 ± 0.04 S

Car-Sarc 91.2 ± 0.13 82.4± 0.13 86.8 95.1 ± 0.04 98.5 8.3 ± 0.04 -3.3 ± 0.04 A

Car-Vern 91.2 ± 0.13 82.5± 0.13 86.9 94.0 ± 0.04 98.5 7.2 ± 0.04 -4.5 ± 0.04 A

Car-Zin 91.2 ± 0.13 82.4± 0.13 86.8 92.3 ± 0.04 98.5 5.5 ± 0.04 -6.1 ± 0.04 A

Car-Ziz 91.2 ± 0.13 91.2± 0.13 91.2 93.2 ± 0.04 99.2 2.0 ± 0.04 -6.0 ± 0.04 A

Ric-Alo 73.5 ± 0.13 91.2± 0.13 82.4 100.0 ± 0.04 97.7 17.7 ± 0.04 2.3 ± 0.04 S

Ric-Sarc 73.5 ± 0.13 82.4± 0.13 78.0 80.8 ± 0.04 95.3 2.8 ± 0.04 -14.6 ± 0.04 A

Ric-Vern 73.5 ± 0.13 82.5± 0.13 78.0 96.6 ± 0.04 95.4 18.6 ± 0.04 1.2 ± 0.04 S

Ric-Zin 73.5 ± 0.13 82.4± 0.13 78.0 100.0 ± 0.04 95.3 22.1 ± 0.04 4.7 ± 0.04 S

Ric-Ziz 73.5 ± 0.13 91.2± 0.13 82.4 95.2 ± 0.04 97.7 12.9 ± 0.04 -2.4 ± 0.04 A

Table 2: Anthelmintic interaction (%) of combined plant species possessing alkaloids/tannins and those containing proteases/nitrogen compounds.

All = Allium cepa, Ana = Ananascomosus, Bid = Bidenspilosa, Car = Carrica papaya, Crin = Crinum macowanii, Gun = Gunneraperpensa, Nic = Nicotianatabacum, Ric = Rici-
nuscommunis, Sarc = Sarcostemaviminale, Vern = Vernonia amygdalina, Zin = Zingiberofficinale, Ziz = Zizyphusmucronata, A= antagonistic interaction, S= synergistic interaction

Figure 1: Scattered plot showing interaction between simple and Webb’s synergy in 
sub experiments 1, 2 and 3.
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Sub experiment three (proteases/nitrogen compounds and 
flavonoids)

 Observed combined efficacies of plant species containing prote-
ases/nitrogen compounds and flavonoids were similar (p = 0.597) but 
relatively high, with a mean of 95.8 ± 0.04 %. Observed efficacies 
ranged from 86.8 ± 0.04 % for Carica papaya/Zanthozylum capense 
to 100.0 ± 0.04 % for Carica papaya/Trema orientalis (Tables 3 and 
4). Simple synergies were similar (p = 0.756), with mean of 2.0 ± 
0.27 %. Webb’s synergy were also similar (p = 0.626), with a mean 
-3.8 ± 0.04 % and ranged from -12 ± 0.04 % for Carica papaya/
Zanthozylum capense to 0.4 ± 0.04 % for Biden pilosa/Urtica dioica 
(Table 2). Eight combinations in this lot interacted synergistically and 
the rest achieved additively. There was no correlation between any of 
alkaloids, condensed tannins or flavonoids content of plant species 
and anthelmintic efficacy. Similarly, multiple regression analysis of 
alkaloids, condensed tannins and flavonoid content as predictors of 
combined anthelmintic efficacy was so poor that none could enter the 
model at P = 0.15 level of significance.

Relationship between simple synegy (additive effects) and 
Webb’s synergy in sub experiments 1, 2 and 3

 All relationships were positively correlated with each other for 
the three sub-experiments (Figure 1). Most values of simple synergy 
ranged greater than zero whilst those of Webb synergy fell evenly 
along the whole continuum.

Discussion
 Observed combined anthelmintic efficacies of plant combinations 
carrying different classes of bioactive compounds in all three sub ex-
periments were high, but had various trends. These trends are sugges-
tive of various interactions among different classes of anthelmintic 
principles involved and others that might have aided the process of 
combined anthelmintic efficacy [24-26]. Nonetheless, improved an-
thelmintic activity from plant combinations as exemplified by the 
trend of simple synergies is a potential indication of some positive 
biochemical interaction, which was not discernible at the level of pu-
tative macro-biochemical interaction including alkaloids, condensed 
tannins and flavonoids.

Combined treat-
ments (A + B)

Observed efficacy 
(A)%

Observed effica-
cy (B) %

Expected effica-
cy (A + B)/2 %

Observed com-
bined efficacy %

Webb comb. 
interaction %

Simple 
synergy %

Webb’s 
synergy %

Synergistic (S) or Antago-
nistic (A) interaction

Flavonoids&Alkaloids &/or Condensed tannins

Trem-Alo 73.5 ± 0.13 91.2 ± 0.13 82.4 96.5 ± 0.07 97.7 14.1 ± 0.07 -1.2 ± 0.07 A

Trem-Vern 73.5 ± 0.13 82.5 ± 0.13 78.0 97.5 ± 0.07 95.4 19.5 ± 0.07 2.1 ± 0.07 S

Trem-Zin 73.5 ± 0.13 82.4 ± 0.13 78.0 99.4 ± 0.07 95.3 21.5 ± 0.07 4.1 ± 0.07 S

Trem-Ziz 73.5 ± 0.13 91.2 ± 0.13 82.4 99.9 ± 0.07 97.7 17.6 ± 0.07 2.3 ± 0.07 S

Urt-Alo 82.5 ± 0.13 91.2 ± 0.13 86.9 100.0 ± 0.07 98.5 13.2 ± 0.07 1.5 ± 0.07 S

Urt-Vern 82.5 ± 0.13 82.5 ± 0.13 82.5 96.5 ± 0.07 96.9 14.0 ± 0.07 -0.4 ± 0.07 A

Urt-Zin 82.5 ± 0.13 82.4 ± 0.13 82.5 100.0 ± 0.07 96.9 17.6 ± 0.07 3.1± 0.07 S

Urt-Ziz 82.5 ± 0.13 91.2 ± 0.13 86.9 99.9 ± 0.07 98.5 13.1± 0.07 1.5 ± 0.07 S

Zan-Alo 82.5 ± 0.13 91.2 ± 0.13 86.9 99.7 ± 0.07 98.5 12.9 ± 0.07 1.3 ± 0.07 S

Zan-Zin 82.5 ± 0.13 82.4 ± 0.13 82.5 100.0 ± 0.07 96.9 17.6 ± 0.07 3.1± 0.07 S

Zan-Ziz 82.5 ± 0.13 91.2 ± 0.13 86.9 97.6 ± 0.07 98.5 10.7 ± 0.07 -0.9 ± 0.07 A

Ziz-Alo 91.2 ± 0.13 91.2 ± 0.13 91.2 100.0 ± 0.07 99.2 8.8 ± 0.07 0.8 ± 0.07 S

Proteases/Flavonoids

All-Trem 82.3 ± 0.13 73.5 ± 0.13 77.9 97.5 ± 0.08 95.3 19.6 ± 0.08 2.2 ± 0.08 S

All-Urt 82.3 ± 0.13 82.5 ± 0.13 82.4 95.2 ± 0.08 96.9 12.8 ± 0.08 -1.7 ± 0.08 A

All-Zan 82.3 ± 0.13 82.5 ± 0.13 82.4 95.0 ± 0.08 96.9 12.6 ± 0.08 -1.9 ± 0.08 A

Ana-Trem 91.2 ± 0.13 73.5 ± 0.13 82.4 97.6 ± 0.08 97.7 15.3 ± 0.08 -0.1 ± 0.08 A

 Ana-Urt 91.2 ± 0.13 82.5 ± 0.13 86.9 92.9 ± 0.08 98.5 6.0 ± 0.08 -5.6 ± 0.08 A

Ana-Zan 91.2 ± 0.13 82.5 ± 0.13 86.9 99.9 ± 0.08 98.5 13.0 ± 0.08 1.4 ± 0.08 S

Ana-Urt 91.2 ± 0.13 82.5 ± 0.13 86.9 88.2 ± 0.08 98.5 1.4 ± 0.08 -10.2 ± 0.08 A

Bid-Sarc 73.5 ± 0.13 82.4 ± 0.13 78.0 95.3 ± 0.08 95.3 17.4 ± 0.08 -0.1 ± 0.08 A

Bid-Trem 73.5 ± 0.13 73.5 ± 0.13 73.5 99.1 ± 0.08 93.0 25.6 ± 0.08 6.1 ± 0.08 S

Bid-Urt 73.5 ± 0.13 82.5 ± 0.13 78.0 99.9 ± 0.08 95.4 21.9 ± 0.08 4.5 ± 0.08 S

Bid-Zan 73.5 ± 0.13 82.5 ± 0.13 78.0 96.7 ± 0.08 95.4 18.7 ± 0.08 1.3 ± 0.08 S

Car-Trem 91.2 ± 0.13 73.5 ± 0.13 82.4 100.0 ± 0.08 97.7 17.7 ± 0.08 2.3 ± 0.08 S

Car-Urt 91.2 ± 0.13 82.5 ± 0.13 86.9 91.1± 0.08 98.5 4.3 ± 0.08 -7.3± 0.08 A

Car-Zan 91.2 ± 0.13 82.5 ± 0.13 86.9 86.8 ± 0.08 98.5 -0.1 ± 0.08 -11.7 ± 0.08 A

Ric-Trem 73.5 ± 0.13 73.5 ± 0.13 73.5 96.6 ± 0.08 93.0 23.1± 0.08 3.6 ± 0.08 S

Ric-Urt 73.5 ± 0.13 82.5 ± 0.13 78.0 95.0 ± 0.08 95.4 17.0 ± 0.08 -0.4 ± 0.08 A

Ric-Zan 73.5 ± 0.13 82.5 ± 0.13 78.0 96.8 ± 0.08 95.4 18.8 ± 0.08 1.4 ± 0.08 S

Table 3: Anthelmintic efficacies (%) of combined plant species possessing flavonoids and those containing alkaloids/tannins.

All = Crinum macowanii, Gun = Gunneraperpensa, Nic = Nicotianatabacum, Sarc = Sarcostemaviminale, Trem = Tremaorientalis, Urt = Urticadioica, Vern = Vernonia amygd-
alina, Zan = Zanthozylumcapense, Zin = Zingiberofficinale, Ziz = Zizyphusmucronata, All = Allium cepa, Ana = Ananascomosus, Bid = Bidenspilosas, Car = Carricapapya, Ric 
= Ricinuscommunis, Trem = Tremaorientalis, Urt = Urticadioica, Zan = Zanthozylumcapense.
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 Fundamentally, plant species in their nature and true to their spe-
cies trait are suggested to be responsible for primary differences in 
combined anthelmintic activity; these same differences are pooled in 
combinations resulting to various interactions [27-32]. These species 
differences may therefore lead to many more interactions and further 
differences in anthelmintic activity exerted by various combinations. 
Basically, the nature, chemical structure, molecular size and variety 
of anthelmintic principle(s), and other related biochemical candidates 
in the pool of each pair of combination, most likely would contribute 
to explain trends of observed combined efficacies [33]. 

 Mean combined anthelmintic efficacy of combinations involving 
alkaloids/tannins and proteases/nitrogenous compounds (95.6 ± 0.12 
%), and that of proteases/nitrogenous compound and flavonoids (95.8 
± 0.04 %) were proportionally different, while that of combinations 
involving plant species carrying flavonoids and alkaloids/tannin con-
taining plant species was relatively higher (98.9 ± 0.34 %) in accor-
dance with unique biochemical nature of component plant species 
[29,30]. These observed differences most likely would have arisen 
from phytochemical interactions within various combinations. Com-
binations of different plant species would have produced a rich pool 
of biochemical compounds, some of which potentially interacted and 
improved on anthelmintic effect (synergy) [5,34]. The net effect from 
these interactions being the largely positive additive effects.

 Improved anthelmintic activity in combination phytotherapy was 
measured first, by simple synergy (additive effect) and alternatively, 
by any further response above additive effect qualified as synergistic 
following Webb’s fractional product method [35]. However, both ap-
proaches interacted linearly though simple synergy was largely pos-
itive, whereas Webb’s synergy was negative (Figure 1). Combined 
dose adopted in the current study yielded high observed efficacies 
and were mostly close to 100%, leaving very little room to adequately 

evaluate synergistic effects for most combinations in the process. 
Lower combined doses, relative to the current one, will potentially 
better address determination of synergistic effect and any extensive 
improvement that will arise from combined phytoanthelmintic thera-
py. As hypothesized, there is neither rejection nor acceptance follow-
ing the dose adopted in the current study.

 In Sub Experiment one (SE1) flavonoids associated with observed 
efficacy, whereas alkaloids and condensed tannins did not. Addition-
ally, in Sub Experiments two (SE 2) and three (SE 3) there was no 
association of any of flavonoids, condensed tannins and alkaloids 
with observed efficacy and other related parameters including simple 
and Webb’s synergies. Plant species containing or carrying some of 
these bioactive molecular classes, usually have a mixture of different 
molecular types, some of which may lack bioactive attributes for the 
relevant trait [36]. In this context, if the molecular constitution of the 
biochemical class were more of the inactive portion, then, there is 
likelihood that the activity will be obscured and rendered insignifi-
cant [36]. It is likely to occur when molecular classes of alkaloids, 
condensed tannins and flavonoids are considered holistically. On the 
other hand, if combinations containing different biochemical prin-
ciples that exert anthelmintic and other related activities are over-
whelmingly of the active type, additive and/or synergistic effects will 
occur (Tables 1 and 2). Improved observed efficacy of some combi-
nations in the current study is in accord with the objective of adopt-
ing combination therapy in helminth treatment and other therapeutic 
processes. Anthelmintic efficacy of combinations involving alkaloids/
tannins and proteases/nitrogen, flavonoids and alkaloids/tannin), and 
proteases/nitrogen compounds and flavonoids, all produced positive 
simple synergic (additive) effects. This is suggestive of a collective 
anthelmintic activity in combinations that might have arisen from a 
variety of active principles including alkaloids, condensed tannins 
and flavonoids, with no outstanding strong evidence of individual 
contributions.

Plant species n Alkaloids (gDM/Kg) n Cond. Tannins (gDM/Kg) n Flavonoids (gDM/Kg)

Alkaloids and condensed tannins

Crinum m. 2 20.9 ± 1.10A 6 5.5 ± 1.28A 2 117.9 ± 1.75B

Gunnera p. 2 44.4 ± 15.20A 5 7.6 ± 1.30B 2 26.0 ± 2.60A

Nicotiana t. 2 37.1 ± 3.20A 5 6.4 ± 1.42B 2 202.6 ± 0.75A

Sarcostema v. 2 46.7 ± 8.50A 2 2.8 ± 0.01B 2 117.0 ± 2.76B

Vernonia a. 2 42.4 ± 8.20A 6 3.4 ± 0.63B 2 125.0 ± 13.57B

Zingiber o. 2 48.3 ± 4.50A 6 3.4 ± 0.55B 2 172.1 ± 17.60A

Zizyphus m. 2 30.6 ± 0.68A 6 13.7 ± 1.99B 2 124.3 ± 10.67B

Flavonoids

Trema o. 2 72.5 ± 13.80A 3 11.5 ± 2.14A 2 207.5 ± 1.66A

Urtica d. 2 23.6 ± 17.90A 6 11.2 ± 1.61A 2 138.6 ± 6.63B

Zanthozylum c. 2 16.3 ± 1.22A 6 3.9 ± 1.47B 2 129.1 ± 16.01B

Proteases and or nitrogen compounds

Allium c. 2 5.7 ± 0.30A 6 4.7 ± 0.97A 2 550.4 ± 25.42A

Ananas c. 2 47.5 ± 6.70A 6 4.4 ± 0.75A 2 133.5 ± 5.15B

Bidens p. 2 39.5 ± 6.10A 6 5.9 ± 1.09A 2 163.5 ± 1.92B

Carica p. 2 40.5 ± 6.10A 4 2.6 ± 0.76A 2 167.7 ± 12.38B

Ricinus c. 2 43.0 ± 4.80A 6 4.4 ± 1.56A 2 149.6 ± 10.27B

Table 4: Alkaloids, condensed tannins and flavonoid content (± standard error of means) g/Kg DM of selected plant species possessing anthelmintic activity.

gKg-1=grams per kilogram; DM= dry matter; cond. Tannins= condensed tannins; crinum m.= Crinum macowanni; Gunnera p.= Gunneraperpensa; Nicotiana t.= Nicotianatabacum; 
Sarcostema v.= Sarcostemaviminale; Vernonia a.= Vernonia amygdalina; Zingiber o.= Zingiberofficinale; Zizyphus m.= Zizypusmucronata; Trema o= Tremaorientalis; Urtica d.= 
Urticadioica; Zanthozylum c.= Zanthozylumcapense; Allium c.= Allium cepa; Ananas c.= Ananascomosus; Bidens p.= Bidenspilosa; Carica p.= Carica papaya; Ricinus c.= Rici-
nuscommunis Above data was consolidated in Fomum and Nsahlai, 2019 (24) and made reference to herein.
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Following Webb’s formula for computing additive and synergistic 
effects from anthelmintic drug combinations, additive effect of two 
acting independent drugs, is the product of the surviving or unaffected 
fractions after treatment with either agents alone [35]. The basis of 
adoption of combined anthelmintic therapy has been because, gener-
ally, the resulting combined efficacy is usually higher than that of any 
of the component anthelmintics [37]. It is expected that plant species 
combinations possessing different anthelmintic principles will yield 
similar results to those of drug combinations. Though no combina-
tion yielded antagonistic effects, it is important to select combinations 
with favourable responses to evade any negative effect (Tables 1 and 
2). Phytochemical interactions in phytotherapeutic remedies is usual-
ly complex with synergistic and antagonistic processes taking place 
concurrently to enable healing [5]. Alternative evaluation focussing 
on simple synergy (additive effects) yielded overall positive mean in 
contrast to largely negative values following Webb’s fractional prod-
uct method. While results of simple synergy (additive effects) paint a 
picture of positive synergism, Webb’s method yielded selective antag-
onistic and synergistic interaction. Our general observation showed 
that there was some marginal increase in anthelmintic potency as a 
result of plant species combinations possessing different principles.

 This tool has been useful in regulating and mitigating selection for 
resistance, given that higher anthelmintic efficacy from combination 
therapy and synergistic interaction will eliminate almost all nematode 
parasites at drug/parasite interphase [17]. Anthelmintic efficacy that 
is close to 100% leaves virtually only parasites and their interme-
diate developmental stages that have no contact or interaction with 
anthelmintic remedy so, conserve their susceptibility for subsequent 
treatment or dosing [38]. In this scenario, non-interaction of sub par-
asite populations with potent combination can be likened to selective 
treatment of affected animals that leaves untreated ones with parasites 
that are highly vulnerable to killing effect [8,12]. Drug combination 
apart, augmentation of protein content of livestock diets resulted to 
much more resilient animals [39]. Proteins of nutritional benefit ad-
ministered as supplement concurrently with copper wire particles to 
lambs and goats, reduced nematode egg count significantly and was 
suggested to have acted synergistically [39,40].

 Better control of nematodes and other economically important 
parasites of grazing livestock are therefore not limited to application 
of combination anthelmintic therapy and those of plants possessing 
different bioactive principles. This opens ample space for multifac-
eted research on combination therapy and a huge potential of diverse 
approaches to this novel method of control. Protein supplementation 
and its interaction with plant secondary metabolites, especially con-
densed tannins is suggested to be another method of combination 
therapy and can also serve a prophylactic role. It exerts an indirect 
role similar to that of supplementation in diets of infected livestock 
by being temporally bound to tannins and evading ruminal microbial 
degradation, thus enabling their supply to the abomasum and small 
intestine for efficient enzymatic digestion, absorption and assimila-
tion [41,42]. This reinforces protein availability for vital metabolic 
processes and immune defence activities against nematode parasites 
and other pathogens. However, this among other methods may re-
duce nematode burden considerably. Anthelmintic combination ther-
apy and prophylaxis represent a more effective and efficient method, 
while anthelmintic bioactive plant species combinations have bud-
ding potentials to be implemented and improved upon.

Conclusion
 Combinations of plant species exerting anthelmintic activity and 
possessing different anthelmintic bioactive classes are an important 
method of livestock nematode parasite control, in addition to other 
pathogens. Intergroup combinations apparently showed some mar-
ginal positive synergistic effects, while others were additive because 
of the wide range of bio-chemicals involved. Phytotherapy naturally 
involves these processes, but with a net positive or synergistic effect 
that engenders healing. Those combinations that have proven useful 
can be adopted for subsequent studies. The dose used in the current 
study has to be reduced to sufficiently address the element of synergy.
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