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ABSTRACT
Gastrointestinal helminth infections significantly impair productivity in goats, particularly in resource-limited rural areas. Rising resistance to conventional anthelmintic drugs underscores the urgent need for safe, affordable, and sustainable alternatives. The present study evaluated the in vivo anthelmintic efficacy of aqueous seed extract of Cucurbita pepo against mixed gastrointestinal helminths in goats. Ten naturally infected goats were administered the extract orally at 160 mg/kg body weight for three consecutive days. Faecal samples were examined on days 0, 3, 7, and 21 post-treatments to determine egg per gram (EPG) counts, while haematological and biochemical parameters were assessed on days 0 and 21. The treated group showed a progressive and significant reduction in EPG, with a 98.59% reduction by day 21. Haematological improvements were observed in haemoglobin; packed cell volume and total erythrocyte count parameters indicating recovery from anaemia and enhanced erythropoiesis. No significant alterations were noted in liver enzymes or serum proteins, and no adverse effects were observed, suggesting the extract’s safety. These findings demonstrate that Cucurbita pepo seed extract is an effective and safe phytotherapeutic option for controlling gastrointestinal helminths in goats. Its use could reduce dependence on synthetic anthelmintics and help mitigate drug resistance. Further studies to isolate active compounds and validate long-term efficacy are recommended.
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1. INTRODUCTION
Goats contribute significantly to food and nutrition security for rural populations, particularly in rainfed areas where unpredictable crop yields and limited availability of feed and fodder make it difficult to raise larger livestock. Gastrointestinal helminths cause chronic wasting condition that affects goats by depriving them of nutrients or through harmful parasite by-products. Infected females suffer from irregular reproductive cycles, reduced fertility, and miscarriages, while males show decreased breeding efficiency, and young animals face lower survival rates. Severe infections can result in widespread livestock deaths, leading to economic losses (Cai et al., 2023). Goats infected with internal parasites clinically show a rough, dull-coat, weakness, diarrhoea, apathy, tail rubbing, signs of hypo-proteinemia, submandibular oedema (bottle jaw), loss of appetite and weight loss (Aiello et al., 2016). The primary strategy for controlling gastrointestinal helminths in goats involves the use of anthelmintic drugs. However, repeated and widespread application of these drugs has led to the emergence of resistance against one or more commonly used compounds across various countries, including confirmed cases of multi-drug resistance. In India, such resistance is increasingly reported, particularly in institutional sheep and goat farms (Ratanapob et al., 2022; Singh et al., 2017). The shortage of new anthelmintic drugs, the high cost of those currently available, and concerns about chemical residues in animal-derived products highlight the need for alternative control strategies that are practical, environmentally safe, and aligned with both consumer expectations and farmers requirements (Meenakshisundaram et al., 2017). Since ancient times, plants have been utilized for their anthelmintic properties. Numerous plant species and their extracts have demonstrated anthelmintic activity. Those with scientifically validated effects could serve as valuable alternatives within the broader strategy for sustainably managing gastrointestinal helminths, potentially reducing dependence on synthetic anthelmintics (Manjusa & Pradeep 2022). The Cucurbitaceae family, which includes crops such as cucumber and melon, comprises plants with notable medicinal value and is commonly referred to as cucurbits. These plants are rich in various phytochemicals, including glycosides, terpenoids, saponins, tannins, steroids, carotenoids, and resins, with cucurbitacins—terpenoid compounds—being particularly prominent. Over the past decade, pumpkin fruits and seeds have been extensively studied for their ethnopharmacological potential in treating parasitic infections. Several studies have demonstrated that extracts from Cucurbita pepo possess anthelmintic activity (Grzybek et al., 2016). In the present study, the anthelmintic efficacy of aqueous seed extract of Cucurbita pepo was evaluated against the mixed gastrointestinal helminths of goats.
2. MATERIAL AND METHODS
2.1 Collection of plant material and extraction
[bookmark: _GoBack]Seeds of Cucurbita pepo (pumpkin) were collected from fresh fruits and sourced from the local market. After cleaning, the seeds were shade-dried for two weeks and then ground into a fine powder using a laboratory mixer grinder. For the preparation of aqueous seed extracts, 40 grams of powdered seeds were boiled in 500 mL of distilled water for 30 minutes. The resulting mixture was filtered through muslin cloth, and the filtrate was evaporated at 40°C until completely dry, yielding a fine solid residue. This residue was weighed, placed in airtight, moisture-proof containers, and stored at 4°C in a refrigerator. The extraction procedure followed the method outlined by (Adeneye et al., 2009).
2.2 Animal experiment 
The experimental doses of the plant extracts in this study were determined based on previously reported effective dosages from earlier research (Abdel Aziz et al., 2018; Babaei et al., 2018; Kalmobé et al., 2017; Meenakshisundaram et al., 2017). A total of 10 goats aged between 6 to 12 months, exhibiting faecal egg counts (EPG) ranging from 1000 to 1400 prior to treatment, were selected for the study. These goats received aqueous seed extract of Cucurbita pepo at a dose of 160 mg/kg body weight, administered orally once daily for three consecutive days. Additionally, ten clinically healthy goats free from helminth infections were maintained as an untreated control group. Body weight measurements were recorded on day 0 and again on the 21st day after treatment.
2.3 Collection and examination of faecal sample
Faecal samples weighing approximately 3–5 grams were collected directly from the rectum of each goat into plastic containers for microscopic examination and EPG (Egg per gram) analysis on day 0 (pre-treatment) and on the 3rd, 7th, and 21st days post-treatment. Microscopic analysis of the samples was performed using the sedimentation or flotation technique and EPG (Egg per gram) was estimated using Stoll’s dilution method as described by (Soulsby, E. J. L., 1982).
2.4 Estimation of haematological and biochemical parameters
Blood samples were collected from the jugular vein of each goat on day 0 (pre-treatment) and on the 21st day post-treatment using 5 mL syringes and 24-gauge needles. The samples were transferred into properly labelled EDTA vials. Haematological parameters were analysed following the methods described by (Sastry, G. A., 1989) and (Chakrabarthi, A., 1994). Biochemical parameters analysed using AGD CliniPak test kits (AGD Biomedicals (P) Ltd.) on Clinical Chemistry Analyzer AGD 2020.
2.5 Anthelmintic efficacy 
The anthelmintic efficacy of the aqueous seed extract of Cucurbita pepo was evaluated by measuring EPG (Egg per gram) on day 0 (pre-treatment) and on the 3rd, 7th, and 21st days following treatment. Treatment efficacy was determined based on the reduction in EPG values and improvements in haematological and biochemical parameters.
Percent efficacy of was calculated as below:
	                      EPG before treatment - EPG after treatment 		
 	  Percent efficacy = ----------------------------------------------------------- × 100
	                      EPG before treatment

2.6 Statistical analysis
Data was collected and analysed statistically by application of two-way Factorial Completely Randomized Design and Completely Randomized Design(Snedecor, G. W., 1994).
3. RESULTS AND DISCUSSION
3.1 Anthelmintic efficacy
The results of aqueous seed extracts of Cucurbita pepo effect on gastrointestinal helminths in goats are presented in Table 1. The mean EPG on day 0 was 1420, which significantly declined to 20 by the 21st day following treatment with aqueous seed extract of Cucurbita pepo at a dosage of 160 mg/kg. A progressive reduction in EPG was recorded, with decreases of 42.25 %, 78.87 %, and 98.59 % observed on the 3rd, 7th, and 21st days post-treatment, respectively. This substantial reduction aligns with previous reports highlighting the anthelmintic potential of C. pepo seeds. (Feitosa et al., 2012) also reported the anthelmintic potential and significant reduction in EPG in naturally infected ostriches treated with seeds of Cucurbita pepo. Similar findings by (Grzybek et al., 2016) were reported demonstrating significant in vitro and in vivo anthelmintic activity of Cucurbita pepo seed extracts against helminths in mice attributing to bioactive compounds such as cucurbitin, berberine, palmatine, and nitrogen-containing metabolites known to impair egg hatching, larval development, and adult worm motility. The findings are further corroborated by (Meenakshisundaram et al., 2017) who evaluated the in vitro and in vivo anthelmintic efficacy of aqueous and ethanolic seed extracts of Cucurbita pepo in sheep, reporting a 96.61% reduction in EPG with the aqueous extract compared to 48.20% with the ethanolic extract, attributing the superior efficacy to the presence of several phytochemical constituents uniquely detected in the aqueous extract.
Table 1. Effect of Cucurbita pepo aqueous seed extract on average EPG (Mean ± SE) and per cent faecal egg count reduction in goats infested with gastrointestinal helminths.
	Parameter\Intervals
	0 day
	3rd day
	7th day
	21st day

	Average EPG
(Egg per gram)
	1420.00a
± 109.34
	820.00c
± 80.00
	300.00d
± 74.53
	20.00d
± 20.00

	Percent decrease in EPG
(Egg per gram)
	0
	42.25 %
	78.87 %
	98.59 %


Similar superscripts show non-significant difference	
3.2 Effect of seed extract on haematological and biochemical parameters
The results of haematological and biochemical parameters are shown in Table 2. In haematological parameters, haemoglobin (Hb) mean value before treatment was 7.08± 0.91 which showed significant increase on 21st day post-treatment as 7.97 ± 0.37. The Packed Cell Volume (PCV) mean value before treatment was 25.50 ± 1.02 which raised significantly to 29.40 ± 1.88 on 21st day post-treatment. The Total Erythrocyte Count (TEC) mean value before treatment was 4.10 ± 0.41 and showed significant increase to 8.79 ± 0.55 on 21st day post-treatment. The Total Leucocyte Count (TLC) mean value before treatment was 12.87 ± 1.14 which showed non-significant reduction to 12.38 ± 0.66. These haematological improvements are indicative of the therapeutic efficacy of Cucurbita pepo aqueous seed extract and were comparable with values observed in healthy control animals. Notably, no adverse clinical signs were observed in any of the treated animals, further supporting the safety of the extract at the administered dose. The observed increases in Haemoglobin, Packed Cell Volume, and Total Erythrocyte Count are in agreement with the findings of (Meenakshisundaram et al., 2017), who reported similar haematological improvements in animals treated with both aqueous and ethanolic extracts of Cucurbita pepo. These enhancements may be attributed to improved iron absorption following treatment, facilitating erythropoiesis. Additionally, the increase in PCV and TEC may be linked to the reduction or elimination of blood-sucking gastrointestinal helminths, as previously described by (Khalid et al., 2005) in goats treated with neem (Azadirachta indica) leaves, and by (Githiori et al., 2004) in trials using various phytotherapeutic agents. The removal of parasitic burden likely reduces chronic blood loss and contributes to the recovery of erythroid parameters.
Biochemical analysis revealed no significant changes in serum total protein, albumin, globulin, and alanine aminotransferase (ALT) levels in the treated animals compared to the control group. However, a slight, non-significant elevation was observed in serum aspartate aminotransferase (AST) levels in the treatment group. Despite this elevation, AST values remained within the normal physiological range in both treated and control animals. The transient increase in AST may be attributed to hepatic metabolism and temporary accumulation of plant-derived compounds in the liver. This phenomenon is consistent with previous studies by (Meenakshisundaram et al., 2017) and (Adepoju, 2009), who reported dose-dependent increases in AST and ALT levels following administration of plant extracts, likely reflecting the liver’s role in detoxification rather than any pathological liver damage. Importantly, the absence of significant alterations in protein fractions and ALT, along with the maintenance of AST within normal limits, suggests that the aqueous seed extract of Cucurbita pepo did not exert hepatotoxic effects at the administered dose.
Table 2. Effect of Carica papaya aqueous seed extract on average values (Mean ± SE) of haematological and biochemical parameters in goats infested with gastrointestinal helminths
	Parameter\Group
	Control
	Cucurbita pepo

	
	Pre-treatment
(0 day)
	Post-treatment
(21st day)
	Pre-treatment
(0 day)
	Post-treatment
(21st day)

	Haemoglobin (g/dl)
	8.14b
± 0.10
	8.21b
± 0.11
	7.08c
± 0.91
	7.97b
± 0.37

	PCV (%)
	28.80a
± 1.12
	28.20a
± 1.21
	25.50a
± 1.02
	29.40b
± 1.88

	TEC (millions/cumm)
	6.36c
± 0.70
	6.58c
± 0.55
	4.10d
± 0.41
	8.79b
± 0.55

	TLC 
(thousand/ cumm)
	12.49b
± 0.82
	14.29a
± 0.86
	12.87b
± 1.14
	12.38b
± 0.66

	Serum total 
protein (g/dl)
	6.78
± 0.09
	6.76
± 0.11
	6.98
± 0.45
	6.25
± 0.68

	Serum 
albumin (g/dl)
	2.73
± 0.13
	2.72
± 0.12
	3.34
± 0.25
	3.07
± 0.14

	Serum 
globulin (g/dl)
	4.12
± 0.11
	4.04
± 0.10
	3.64
± 0.41
	3.17
± 0.64

	AST (IU/L)
	96.81
± 3.93
	104.46
±13.50
	85.62
± 8.28
	129.95
± 20.65

	ALT (IU/L)
	20.00
± 0.77
	19.28
± 0.85
	20.32
± 2.13
	17.89
± 1.81


Similar superscripts show non-significant difference	
4. CONCLUSION 
The present study demonstrates that the aqueous seed extract of Cucurbita pepo exhibits potent anthelmintic activity against gastrointestinal helminths in goats, as evidenced by a marked reduction of 98.59% in faecal egg count by the 21st day post-treatment. The extract also contributed to significant improvements in haematological parameters, including haemoglobin, packed cell volume, and total erythrocyte count, suggesting enhanced erythropoietic activity likely resulting from the elimination of parasitic burden and improved iron utilization. Biochemical evaluations also showed no significant alterations indicating the extract's safety and non-hepatotoxic nature at the tested dosage. These results highlight the potential of Cucurbita pepo as a promising phytotherapeutic agent. Its use may offer a cost-effective, safer, and more accessible alternative to conventional anthelmintics, with a potentially lower risk of inducing drug resistance. Further investigation into its active constituents may support the development of novel plant-based anthelmintic formulations for sustainable parasite control in livestock.

ABBREVIATIONS 
ALT – Alanine Aminotransferase
AST – Aspartate Aminotransferase
EDTA – Ethylenediaminetetraacetic Acid
EPG – Egg Per Gram
Hb – Haemoglobin
PCV – Packed Cell Volume
TEC – Total Erythrocyte Count
TLC – Total Leukocyte Count
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