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Abstract: Several plants are used by farmers for the treatment of gastrointestinal nematodes (GIN) in goats. However, their 

phytochemical properties, efficacy and safety is largely unknown. A trial was therefore designed to determine in vivo efficacy of 

ethanolic extract of Cassia nigricans against gastrointestinal nematodes (GIN) in goats. Cassia nigricans leaves were collected 

from Arua District, Uganda. Ethanolic extraction method was to prepare extracts and the experimental goats were dosed 

accordingly. Treatments were assigned to five (5) groups of goats (n=9) as follows: Group A, the negative control (30ml of 

distilled water; group B, the positive control (Albendazole 10%, 8mg/kg). Groups C, D and E received extracts at 50, 100 and 

150mg/kg, respectively. Live weights (LWs kg), faecal samples (for faecal egg count reduction (FECR) based on eggs per gram 

(EPGs) of faeces, packed cell volume (PCV %), total protein (TP g/dL), body condition scores (1-5) and Faffa Malan Chart 

(FAMACHA scores 1-5) were taken on day 1 of the experiment and subsequently at 7-day intervals for 4 weeks. Results revealed 

that a significant increase in LWs by 2
nd

 week was observed in goats treated with Albendazole from 20.8 ± 1.9 to 21.9 ± 1.8 (p ≤ 

0.05). No change in LWs and in TP was observed in all other groups (p ≥ 0.05). Only Albendazole treated group exhibited a 

significant increase of PCV in the 2
nd

 week (p ≤ 0.05). EPGs were observed to significantly drop in those treated with Albendazole 

by the 2
nd

 week from 300 ± 91 to 0 ± 0 and extract at 150 mg/kg dose from 740 ± 236 to 60 ± 25 (p ≤ 0.05). The FECR for 

Albendazole, 50, 100 and 150 mg/kg doses of the extract were found to be 100%, 37.3%, 66.6% and 83.8% respectively. Only at 

150 mg/kg dose did the extract show moderate efficacy in reducing mixed Strongyle spp faecal egg counts in goats. Strongyles 

spp. were the most predominant genera of nematodes found in goats. Further evaluations of leaf extracts and other plant parts is 

necessary to establish its potential as a source of local effective remedy against gastro-intestinal nematodes in goats. 
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1. Introduction 

Studies reveal that farmers use several plants for 

management of livestock and human diseases [1]. Different 

plant species are efficacious in the control of parasite 

infestations in livestock and are promising alternatives to 

conventional anthelmintics [1–3]. However, the 

phytochemical properties, efficacy and safety of these plant 

medicinal remedies have not been scientifically validated. 

The problem of drug resistance by internal parasites has 

become a serious constraint to small ruminant production in 

the tropics [2]. In order to improve goat productivity, 

alternative local options for control and treatment of endemic 

nematode infections is justified as conventional drugs have 

become expensive or ineffective [3]. 

A tropical herbaceous shrub, Cassia nigricans (Vahl, 

Etiringu in Lugbara; family: Leguminosae) in West Nile 

region is commonly used for treatment of gastro-intestinal 

nematodes (GIN) in goats. Cassia species are known to be 

rich sources of anthraquinone derivatives, polyphenols and 

flavonoids [4]; emodin glycosides and emodic acid. C. 

nigricans is known to be the secondary source of metabolites, 

notably anthraquinone derivatives [6], alkaloids and tannins. 

Condensed tannins have been shown to have effects against 

several gastrointestinal (GI) parasites in animals [5, 6]. A 

related plant, Cassia sieberiana is confirmed to have 

anthelmintic activity against Haemonchus contortus [7]. 

Though Cassia nigricans is commonly used against GIN in 

goats, its efficacy is presently unknown. It is against this 

background that this study was formulated to determine in 

vivo efficacy of ethanolic leaf extract of Cassia nigricans 

against gastro-intestinal nematodes (GIN) in goats. 

2. Materials and Methods 

2.1. Collection and Preparation of Plant Extract 

The plant leaves were collected from Arua in West Nile 

region in May 2014, placed in a polythene bag and submitted 

to the Department of Botany, Makerere University. The plant 

was authenticated at the Department of Botany herbarium as 

Cassia nigricans (Vahl) with voucher specimen number as 

OB001 (Fig 1). The leaves were then transferred to Makerere 

University College of Veterinary Medicine, Department of 

Pharmacy, Clinics and Comparative Medicine laboratory for 

processing. The fresh leaves were cleaned by use of running 

tap water to remove dust and debris. Thereafter, the leaves 

were open air dried under a shade to a constant weight for 

one week period. After drying the leaves were pulverized into 

a fine powder using an electrical grinder. A weight of 500g of 

the powder was cold macerated into 2 litres of 70% ethanol 

placed into 2.5 ltr Erlen Meyer's bottle. The soaked mixture 

was twice daily vigorously shaken for 72hrs and kept in a 

locked cabinet away from direct light. After 72hrs, the 

mixture was filtered, with the filtrate concentrated by use of 

rotary evaporator (CH-9230 Flawl/Scwel) [8]. The World 

Association for the Advancement of Veterinary Parasitology 

(WAAVP) dose determination guidelines were followed [9]. 

Using the WAAVP dose determination guidelines, 50, 100 

and 150 mg/kg doses were computed and used to dose the 

animals. The volume of extract administered for the in vivo 

efficacy trial was calculated using the equation: 

������ (��	) =
��� (��

�� ) � ���� ������ (��)
���� ������� ��� (!"

!# )            (1) 

2.2. Selection and Management of Goats 

Forty five (45) healthy goats were selected from Abi Zonal 

Agricultural Research and Development Institute, Arua in 

May, 2014. The goats were reared on natural pastures at the 

institute and given water ad libitum during the trial. Both 

males and female goats were selected and identified with ear 

tags and colored strings. The goats were grazed at the 

institute’s pastures and allowed to acquire natural infection. 

All treated animals were observed daily for any health 

complications during the trial. 

2.3. Study Design and Administration of Treatments 

A blocked, randomized, controlled trial was conducted as 

follows: A total of 45 goats were selected based on 3 age 

groups and randomly allocated to different treatments as 

shown in Table 1. Each group of goats was given treatment 

as follows: Group A received 30 ml of distilled water per 

goat (negative control); Group B received Albendazole 10% 

(Norbrook
® 

Ltd, Nairobi, Kenya) at manufacturer’s dosage 

rate of 8 mg/kg b. wt.; Group C received extract at 50 mg/kg 

b.wt; Group D received extract at 100 mg /kg b. wt. and 

Group E received extract at 150 mg/kg b. wt. All treatments 

were administered orally using a 20 ml plastic syringe. 

Table 1. Treatment groups by age of goats (months). 

Age group 

(months) 

Treatment groups (mg/kg b. wt.) 
Totals 

A: Distilled water B: Albendazole 10% C: Extract 50 mg/kg D: Extract 100 mg/kg E: Extract 150 mg/kg 

4-7 3 3 3 3 2 14 

8-12 3 3 4 4 4 18 

13-18 2 3 3 2 3 13 

Total 8 9 10 9 9 45 

n=45; Ordinary water (Negative control); Albendazole 10% (Positive control) 
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2.4. Data Collection 

Live body weights, Faecal egg counts (FEC, eggs per 

gram), FAMACHA scores, body condition scores (BCS) and 

blood samples were taken from all the goats on day 1 and 

thereafter at 7-day intervals (day 8, day 15 and day 22) post 

treatment. Live body weights (LW, kg) were measured using 

a Hanson™ spring balance (MFRSH Enterprises, India). 

Blood samples were collected from the jugular vein using 

BD
®
 plastic EDTA and BD

®
 plain Vacutainer

®
 tubes (BD 

Hemogard) for determination of packed cell volume 

(PCV, %) and total protein (TP, g/dL) respectively. TP was 

determined using a Goldberg Refractometer (Reichert, 

GmbH) (a total solids meter) because of its convenience and 

high accuracy. The blood was centrifuged at 2000 rpm for 

determination of PCV using a microhematocrit reader 

(BIOFUGE Haemo, Germany). FAMACHA scores, based on 

a 1-5 scoring index ranging from 1= reddish (normal) to 5 = 

white (critically anaemic) were determined [10]. 

Faecal samples were taken from all goats for determination 

of egg counts (eggs per gram of faeces, EPGs) [11]. Faecal 

samples were taken directly from the rectum of each goat 

using gloved hands into 10 ml labeled plastic containers and 

placed in ice box (5˚C). They were immediately (within 24 

hrs.) transported to the College of Veterinary Medicine 

Parasitology laboratory for screening using a modified 

McMaster technique, with a sensitivity of 50 EPGs [11]. 

The efficacy of each treatment was determined by 

computing the percent faecal egg count reduction test 

(FECRT) using the following formula [12] 

 FECRT = $1- %Ta × Cb

Tb × Ca
&'  × 100                       (2) 

T and C represent arithmetic means of EPGs in treatment 

and negative control groups and subscripts b and a denote 

counts before and after treatment respectively. Faecal samples 

collected were pooled and used to identify helminthes to genus 

level, using a Baerman’s technique [11, 13]. 

2.5. Data Analysis 

The FECR was calculated from only individuals that tested 

positive by the McMaster technique. Data recorded weekly 

for 4 consecutive weeks was entered using Excel 16.0. R 

statistical analysis software (Version 3.2.0) was used for 

generation of statistical measures. The effects of the different 

treatments on blood parameters and EPGs were compared 

between weeks. Mean EPGs of different treatment groups 

were compared with a negative control. Analysis of variance 

(ANOVA) was used to examine treatment differences at 95% 

confidence interval. 

3. Results 

 

Figure 1. Fresh leaf sample of Cassia nigricans. 

 

Figure 2. Distribution of nematode genera found in goats. 

Table 2 below shows there was a significant drop in LWs 

(p ≤ 0.05) in those treated with distilled water from the 3
rd

 to 

4
th

 week. Albendazole treated group showed a significant 

increase (p ≤ 0.05) in LWs in the 2
nd

 week. However, a 

marginal increase (p ≥ 0.05) in live body weights was 

observed in those treated with extract at 100 mg/kg dose by 

2
nd

 week of the trial. A significant reduction in LWs was 

recorded in goats treated with extract at 150 mg/kg dose in 

the 3
rd

 week of the trial (p ≤ 0.05). Although not significant, a 

marginal increase in mean live weights was recorded in those 

treated with Albendazole by the 4
th

 week of the trial. 

However, a marginal increase (p ≤ 0.05) in live body weights 

was observed in those treated with extract at 100 mg/kg in 

the 2
nd

 week of the trial. 

Table 2. Variation of mean live body weights (kg) at weekly intervals. 

Treatment 
Live body weights (kg) 

Week 1 Week 2 Week 3 Week 4 

Distilled water 16.37 ± 1.93a 16.78 ± 2.04a 15.66 ± 1.85b 15.68 ± 1.93b 

Albendazole 10% 20.87 ± 1.97b 21.96 ± 1.84a 20.87 ± 1.80b 22.06 ± 2.07a 

Extract 50 mg/kg 25.18 ± 1.52a 26.00 ± 1.65b 24.80 ± 1.64a 25.06 ± 1.54a 

Extract 100 mg/kg 16.12 ± 2.78a 18.06 ± 3.03a 16.18 ± 2.67a 16.62 ± 2.74a 

Extract 150 mg/kg 21.82 ± 1.77a 21.06 ± 1.68a 19.87 ± 1.62b 20.56 ± 1.66a 

Results expressed as Mean ± SEM. Similar superscripts a, b, in the same row show no statistical difference (p ≥ 0.05); different superscripts in the same row 

shows statistical difference (p ≤ 0.05) 
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We found a significant treatment group effect (F = 3.53; p 

= 0.015) in mean LWs between 50 mg/ml extract and a 

negative control. Similarly, there was a significant treatment 

group difference in LWs between 50 mg/kg and 100 mg/kg 

extracts (p ≤ 0.05). 

No significant change (p ≥ 0.05) in total protein (TP) was 

observed in all treatment groups in the 2
nd

 week (Table 3). 

However, TP significantly declined from the 3
rd

 to 4
th

 week 

in all treated groups (p ≤ 0.05). There was a significant drop 

in TP (p ≤ 0.05) in the negative control group from the 2
nd

 to 

4
th

 week (Table 3). 

Table 3. Variation of mean total protein (TP, g/dL) at weekly intervals. 

Treatment 
Total protein (TP, g/dL) 

Week 1 Week 2 Week 3 Week 4 

Distilled water  6.72 ± 0.22a 5.97 ± 0.20b 5.55 ± 0.26b 5.70 ± 0.30b 

Albendazole 10% 6.65 ± 0.17a 6.37 ± 0.21a 5.55 ± 0.16b 5.87 ± 0.13b 

Extract 50 mg/kg 6.85 ± 0.10a 6.77 ± 0.21a 6.15 ± 0.24b 5.95 ± 0.10b 

Extract 100 mg/kg 6.45 ± 0.35a 6.17 ± 0.25a 6.00 ± 0.32b 5.90 ± 0.20b 

Extract 150 mg/kg 6.35 ± 0.26a 6.05 ± 0.22a 5.75 ± 0.17b 6.17 ± 0.10a 

Results expressed as Mean ± SEM. Similar superscripts a, b, in the same row show no statistical difference (p ≥ 0.05); different superscripts in the same row 

shows statistical difference (p ≤ 0.05). 

PCV significantly increased (p ≤ 0.05) in the second week 

in the group treated with Albendazole (Table 4). In the 

groups treated with ethanolic extract at 50 and 100 mg/kg 

doses, we observed a significant drop (p ≤ 0.05) in PCV, but 

was seen to rise again in the 3
rd

 week. However, no change in 

PCV (p ≥ 0.05) was noted in those treated with the extract at 

150 mg/kg dose throughout the experiment.  

Table 4. Variation of mean packed cell volume (PCV, %) at weekly intervals. 

Treatment 
Packed cell volume (PCV, %) 

Week 1 Week 2 Week 3 Week 4 

Distilled water  35.12 ± 1.18a 31.37 ± 0.77a 34.25 ± 1.25a 31.37 ± 1.22b 

Albendazole 10% 31.00 ± 1.25a 34.37 ± 1.23b 34.62 ± 1.55b 31.37 ± 1.32a 

Extract 50 mg/kg 36.50 ± 1.29a 31.50 ± 1.01b 37.12 ± 1.61a,c 33.25 ± 0.95a 

Extract 100 mg/kg 35.75 ± 1.53a 31.62 ± 0.99b 37.12 ± 1.61a 33.00 ± 0.96c 

Extract 150 mg/kg 33.00 ± 1.58a  31.37 ± 1.48a  32.75 ± 1.16a 29.75 ± 1.35a 

Results expressed as Mean ± SEM; similar superscripts a, b, c, in the same row show no statistical difference (p ≥ 0.05); different superscripts in the same row 

shows statistical difference (p ≤ 0.05) 

Table 5 below shows there was a significant increase of 

EPGs (p ≤ 0.05) in goats treated with water from the first to 

the 3
rd

 week. A significant reduction in EPGs (p ≤ 0.01) was 

observed in those treated with Albendazole from the first to 

third week. Similarly, a significant drop (p ≤ 0.01) in EPGs 

was observed in the group treated with ethanolic extract at 100 

mg/kg b. wt. up to the 3
rd

 week of the experiment. A sharp 

increase in EPGs was observed in the group treated with 

extract at 100 mg/kg by the 4
th
 week of the trial. The group 

treated with the extract at 150 mg/kg b. wt. exhibited a 

significant reduction in EPGs during the 2
nd

 week of the trial 

(p ≤ 0.05), but which sharply rose during the 3
rd

 and 4
th
 week. 

Table 5. Variation of mean faecal egg counts, FEC (EPGs) at weekly intervals. 

Treatment 
Faecal egg counts (EPGs) 

Week 1 Week 2 Week 3 Week 4 

Distilled water  200 ± 0a 100 ± 0b 287.5 ± 111.0a 112.5 ± 48a 

Albendazole 10% 300 ± 91a 0 ± 0b 162.5 ± 50.0a 325 ± 70a 

Extract 50 mg/kg 533 ± 145a 167 ± 167a 387.5 ± 252.0a 200 ± 94.5a 

Extract 100 mg/kg 300 ± 200a 50 ± 50b 275.0 ± 195.0a 600 ± 264a 

Extract 150 mg/kg 740 ± 236a 60 ± 25b 25.0 ± 25.0b 650 ± 173a 

Results expressed as Mean ± SEM; similar superscripts a, b, in the same row show no statistical difference (p ≥ 0.05); different superscripts in the same row 

shows statistical difference (p ≤ 0.05) 

Table 6 below showed that the ethanolic extract at 50 

mg/kg had a FECR of 37.3%, while at 100 mg/kg dose, the 

FECR was found to be 66.6% implying lack of, or limited 

efficacy against GIT nematodes. The Kruskal-Wallis rank 

sum test did not show a significant difference in median 

FAMACHA scores in all treatment groups throughout the 4 

week experimental period (p ≥ 0.05). Although not found to 

be significant (p=0.406), those treated with Albendazole 

showed a slight improvement in median BCS. 
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Table 6. Percent mean faecal egg count reduction (FECR). 

Treatment group EPGs Baseline (pre-treatment) EPGs (Day 8) (post treatment) FECR % P-value 

Distilled water 200 ± 0a 100 ± 0b 0 0.3087 

Albendazole 10% 300 ± 91a 0 ± 0b 100 0.046* 

Extract 50 mg/kg 533 ± 145a 167 ± 167a  37.3 0.3414 

Extract 100 mg/kg 300 ± 200a 50 ± 50b 66.6 0.6508 

Extract 150 mg/kg 740 ± 236a 60 ± 25b 83.8 0.048* 

Values of EPGs expressed as Mean ± SEM; *p ≤ 0.05 statistically significant 

4. Discussion 

Lack of a significant change in LWs gains in all treatment 

groups, except Albendazole treated group is probably due to 

limited effect of the extracts on LWs. A group treated with 

extract at 150mg/kg dose rate showed a significant drop in 

LWs in the 3
rd

 week, suggesting a possible negative effect on 

LWs. This is in agreement with toxicity of Cassia species at 

high doses reported by [6]. Albendazole treated group 

exhibited a significant increase in PCV in the 2
nd

 week, but 

no difference was observed until the 4
th

 week of the trial. 

This is expected as Albendazole showed complete efficacy 

against GIN nematodes. This suggests that anemia can be 

used as a reliable clinical feature for worm infestation in 

goats. The PCV of goats treated with extracts at 50 and 100 

mg/kg concentration dropped significantly during the 2
nd

 

week and rapidly rose in the 3
rd

 week of the trial. This could 

probably be due to delayed release of active phytochemicals 

in the extract. A similar observation was made for TP in the 

group treated with extract at 150 mg/kg dose. 

For a drug to be considered efficacious, a minimum of 

90% fecal egg reduction is required [14]. A standard of 70% 

fecal egg reduction for ethnoveterinary drugs was proposed 

[15]. Achieving a 70% fecal egg reduction requires that 

animals should be predominantly infected with Haemonchus 

contortus [3]. In this study, we observed a significant 

reduction in EPGs in the groups treated with Albendazole, 

extract at 100 mg/kg and extract at 150 mg/kg concentration 

(Table 5). This reduction was more pronounced with 

increasing concentration of the extract, suggesting a dose-

dependent relationship. 

The ethanolic extract at 50 mg/kg showed a faecal egg 

count reduction (FECR) of 37.3%, while at 100 mg/kg 

concentration, the FECR was found to be 66.6% implying 

lack of, or limited efficacy against GIT nematodes (Table 6). 

The results revealed that the percent FECR increased with 

increasing extract concentration. At a higher extract 

concentration (150 mg/kg), the faecal egg count reduction 

(83.8%) was above the 70% minimum standard set for 

ethnoveterinary drugs. This is also slightly above the 80% 

moderate efficacy standard set by WAAVP guidelines [9]. 

This suggests, at this concentration, the ethanolic extract of 

C. nigricans was moderately efficacious in reducing the 

worm burden in goats. This agrees with previous studies, 

which showed Cassia nigricans possesses pharmacologically 

bioactive compounds (flavonoids, emodic acid, tannins and 

anthraquinones) useful for the prophylaxis and therapy of 

several human and livestock parasitic diseases [6]. Cassia 

species are well known for their laxative and purgative 

properties [16], gastro-intestinal, anthelmintic activities [23, 

24] and are known to occur as pharmacologically active 

constituents of many cathartics. In addition to the 

phytochemical compounds present in Cassia nigricans [6], 

this laxative property of the plant extract could be 

responsible for its ability to reduce the faecal egg counts in 

goats. However, caution should be taken in their use at higher 

doses because of negative effects, as shown by weight loss at 

150 mg/kg dose rate. 

Albendazole exhibited a significant reduction in EPGs in 

the second week, but EPGs were observed to rise in the 3
rd

 

week, probably due to re-infection of the goats, as the drug is 

eliminated from the gut. However, the percent FECR for 

Albendazole was 100%, signifying complete efficacy against 

GIN in goats. This is comparable to the FECR of 95% [17] 

and 99.34% [18] in Southern Ethiopia, 99% in Kanungu [19], 

but higher than the 77.3% reported by [20]. The ethanolic 

extract of C. nigricans at 150 mg/kg dose rate was able to 

significantly reduce EPGs in the 3
rd

 week, suggesting a 

prolonged effect after oral administration. 

Efficacy of plant products against GIN parasites is affected 

by several factors. The concentrations of bioactive 

phytochemicals in the plant has been shown to vary by 

harvest season, origin, drying processes and plant parts used. 

A seasonal variation occurs in the concentration of 

anthraquinones in C. nigricans, with peak concentrations 

observed during the dry season [21]. The plant sample was 

collected during the rainy season and this could have 

influenced the concentration of bioactive phytochemicals in 

the plant. The methods of preparation, storage and the 

concentrations used, could be different from those used by 

traditional healers. Our study used extraction method 

described by [22], as opposed to the paste formulation used 

by traditional healers. Besides, the dose used by the 

traditional healers could be different from that used in this 

study and this could account for the variation in efficacy of 

the plant extracts against GI nematodes. This study therefore 

provides useful information on the potential dosage rate of C. 

nigricans as a local anthelmintic in goats. 

We observed no significant differences in median 

FAMACHA scores in all treatment groups throughout the 4 

week experimental period. Similarly, median BCS did not 

show any significant differences between treated and control 

groups throughout the trial. This study revealed that 

Strongyles spp. were the most predominant genera of 
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nematodes found in goats, followed by Strongyloides spp 

(Fig 2). Monezia spp and Ascarids were of minor importance. 

5. Conclusions and Recommendations 

i. This study revealed that the leaf ethanolic extract of 

Cassia nigricans at 150 mg/kg concentration was 

moderately efficacious in reducing GIT nematode faecal 

egg counts in goats. At lower dose rates (50 and 100 

mg/kg), the ethanolic extract of Cassia nigricans lacked 

efficacy against GIT nematodes. 

ii. Albendazole showed complete efficacy (100%) against 

GIT nematodes in goats. 

We recommend further studies using different 

concentrations of the extract and on other parts of the plant 

(bark, roots) to establish its potential as a source of local 

effective remedy against gastro-intestinal nematodes in goats 
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