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			ABSTRACT

		

		
			This study aimed to determine the anti-bacterial efficacy of 5 different medicinal plant extracts against Shiga toxin (E. coli O157:H7) based on the in-vitro and in-vivo trial. A total of twenty-one (n=21) PCR-confirmed isolates were selected for detection of virulent genes in-vitro trial (zone of inhibition). For in-vivo trial, forty-two (n=42) day-old chicks were divided into seven equal groups randomly (n=6 birds/group), and were classified as: G1 (Azadirachta indica @ 18.25 mg/ml), G2 (Melia azedarach @ 15.75 mg/ml), G3 (Withania coagulans @ 25 mg/ml), G4 (Nigela sativa @ 30 mg/ml), and G5 (Calotropis procera @ 10 mg/ml) were taken as treatment groups, while G6 as a negative control, and G7 as a positive control. The results showed that 47.6% serovars were positive for the virulent gene (Stx-1). Moreover, the highest zone of inhibition was observed in G5 (17.1 ± 0.60 mm, P<0.05) as compared to other groups, which indicated high anti-bacterial efficacy on in-vitro basis. The survival rate and weight gain of chicks were significantly higher (P<0.05) in G5 compared with all other groups. However, none of the medicinal plant extracts affect liver function and blood parameters. Finally, in conclusion, C. procera was found to be highly effective to protect birds against E. coli O157:H7 infection.
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			INTRODUCTION

			Diarrhoea is one of the most frequent conditions in dogs (Ramos et al., 2021), and is caused by various infectious agents such as viruses, protozoa (Gülersoy et al., 2022) and bacteria (Candellone et al., 2020). Escherichia coli is the major causative agent in causing diarrhoea in puppies (Algammal et al., 2022), which is divided into intra-intestinal and extra-intestinal pathogenic serotypes (Sadeq et al., 2018). The most common is enterohaemorrhagic serotype, subdivided into shigatoxigenic and verotoxigenic (Kiranmayi et al., 2010). The most important serovar is E. coli O157:H7 (Abdulrazzaq et al., 2021). It causes fatal diseases in dogs, including hemorrhagic colitis (HC) and haemolytic uremic syndrome (HUS) (Kwon and Cho, 2015; Boland et al., 2013). Therefore, the accurate diagnosis of this serovar of E. coli is mandatory.

			Medicinal plants are mainly used for human health. It had been used for the treatment of various diseases due to the presence of their phytochemical constituents (Fullerton et al., 2011). According to WHO, 80% of communities in developing countries are using traditional medicines (Lee et al., 2019). The wide use of medicinal plants as an alternative to conventional drugs is due to low anti-microbial resistance as compared to conventional drugs (Owolabi et al., 2017). Plant-based therapeutics are biodegradable and harmless to the environment (Munir et al., 2017). Experimentally it has been proven that products obtained from medicinal plants are the most economical and active natural antibiotics (Qureshi et al., 2019). 

			Various plants have been used as antibacterial agents including Azadirachta indica (Parihar and Balekar, 2016), Melia azedarach (Khan et al., 2022), Nigela sativa, Withania coagulans (Nwokafor et al., 2020), and Calotropis procera (Kamruzzaman et al., 2013). These herbal extracts interfere with the functions of the cell wall, cell membrane, and protein synthesis and lead to leakage in cytoplasmic bacteria, and finally inhibit the growth of bacteria (Dutta et al., 2015). Despite the beneficial effects of these plant extracts, no study is reported against E. coli O157:H7 infection particularly in canines. Therefore, this study was designed to assess the antimicrobial activities of the cold aqueous extracts of A. indica, M. azedarach, N. sativa, W. coagulans, and C. procera by using various in-vitro and in-vivo methods.

			MATERIALS AND METHODS

			Ampilification of E. coli O157:H7 virulent genes 

			A total of 21 PCR-confirmed E. coli O157:H7 isolates were selected for the molecular detection of virulent genes (Shiga-toxins; Stx-1 and Stx-2) through PCR by using the following primers: 

			Stx-1(140 bp fragment) 

			F: ACCCTGTAACGAAGTTTGCG 

			R: ATCTCATGCGACTACTTGAC) and 

			Stx-2 (346 bp fragment) 

			F: TTAACCACACCCACGGCAGT 

			R: GCTCTGGATGCATCTCTGGT. 

			The DNA was extracted by using a commercial DNA extraction Kit (Gene JET Genomic DNA Purification Kit; Thermo Scientific, USA). PCR was conducted as per the protocols already described (Khan et al., 2022).

			Table I. Names of the plants and their parts used in the this study.

			
				
					
					
				
				
					
							
							Name of plants (Common name)

						
							
							Voucher No.

						
					

					
							
							Leaves of Azadirachta indica (Neem)

						
							
							GC. Herb. Bot. 3668

						
					

					
							
							Leaves of Melia azedarach (Bakain)

						
							
							GC. Herb. Bot. 3669

						
					

					
							
							Leaves of Calotropis procera (Aak)

						
							
							GC. Herb. Bot. 3672

						
					

					
							
							Seeds of Nigela sativa (Kalonji)

						
							
							GC. Herb. Bot. 3670

						
					

					
							
							Seeds of Withania coagulans 

							(Paneer bootie)

						
							
							GC. Herb. Bot. 3671

						
					

				
			

			Medicinal plants extracts

			The experimental medicinal plants (A. indica, M. azedarach, C. procera, N. sativa, and W. coagulans) were procured from the local market of district Lahore, Pakistan, and were identified and authenticated by the Department of Botany in the Government College University, Lahore, Pakistan (Table I). The leaves of plants were dried for fifteen days and were grinded in an electric blender to form powder. Approximately 100 g/750 ml of solvent (double-distilled water) was extracted for 72 h on a vortex shaker (dathan scientific). A rotary evaporator was used to evaporate the filtrate at 37oC under reduced pressure. The pure yield was determined and stored at 4oC until further use.

			Bacterial strain and culture medium

			In this study, ten PCR-confirmed Shiga toxin-producing E. coli O157:H7 isolates were used. The strain was cultivated at 37°C in Luria broth (LB) and was preserved at -80ᵒC in LB containing 15 % glycerol. The bacterial culture was prepared by inoculating bacteria into a tube containing LB and then kept overnight at 37°C before further use.

			Well diffusion assay

			Different dilutions of extracts such as 400 mg/ml, 300 mg/ml, 200 mg/ml, and 100 mg/ml (Torkan et al., 2016) were prepared in distulled water. Ciprofloxacin 5µg was added as a positive control and 5 % DMSO was used as a negative control (20 ml). Mueller Hinton agar was poured in petri-plates and allowed to solidify. Plates were dried and 50 µl of bacterial suspension containing 9×109 cells/ml was poured into each plate and spread uniformly. The plates were allowed to dry for 5 min under sterile conditions. 30 μl of the extract was infused into one of the 8 mm diameter wells on each plate’s agar surface. The plates were then incubated for 24 h at 37 °C, and the zone of inhibition was measured in mm.

			Determination of minimum inhibitory concentration (MIC)

			The broth microdilution method was used for MIC. In brief, 50 µl of Muller Hinton broth was filled from 1st well to 12 well of the microtitration plate. Then E. coli O157:H7 with the standard dilution of McFarland 9 × 109 cells/ml was filled from well 1 to 11. In the last, 100 mg/ml of cold aqueous extracts of the above plants were poured from well 1 to 10 of the microtitration plate and incubated at 37 °C for 24 h before and after the incubation the optical density (OD) values were taken. The wells 11 and 12 were used as the negative and positive control, respectively. The microtitration plate was then incubated for 24 h at 37ºC. Turbidity in the negative control well was used to measure bacterial growth. The MIC values were estimated by comparing the wells with no bacterial turbidity to the negative control well.

			Determination of minimum bactericidal concentration (MBC)

			MBCs were determined by plating 100 µl of samples from each MIC assay tube with growth inhibition on freshly prepared sterile Muller Hinton agar plates and aerobically incubating them at 37 °C for 24 h. During the incubation period, the MBC values were recorded as the lowest concentration of extract that did not allow any visible bacterial colony growth on the agar plates. These tests were repeated thrice (Bilal et al., 2020).

			Experimental design 

			Growth of E. coli O157:H7 containing Stx-1 gene (A field strain that was previously isolated and identified by PCR) was grown overnight at 37 oC in LB broth medium. Broth culture was then diluted with normal saline to obtain a concentration of 9×109 cells/ml (ID50 dose). A total of 42 (un-vaccinated) day-old broiler chicks were purchased from a reputable hatchery and were used to determine the protective dosage of Azaderachta indica, Melia azedarach, Withania coagulans, Nigella sativa, and Calotropis procera. The birds were fed balanced commercial starter and growing rations (21% and 18%, respectively) and provided clean water, without using any antibacterial agent until the end of the experimental period. Birds were reared under open housing system under strict hygienic conditions. The chicks were divided into seven groups; Groups 1 to 5 were the treatment groups, groups 6 and 7 served as a negative and positive control, respectively. The infected groups (G1, G2, G3, G4, G5, G7) were kept in one room while the birds of G6 (Uninfected) were reared at a distance in another room with the similar housing and environmental conditions. Every chick (except the negative control group) was challenged with 1 ml of the inoculum orally after seven days of age. Group 7 (infected but untreated chicken) received no treatment during the experiment. G6 (negative control) received placebo only. G1 was treated with A. indica @ 18.25 mg/ml, G2 with M. azedarach @ 15.75 mg/ml, and G3 with W. coagulans @ 25 mg/ml, G4 was treated with N. sativa @ 30 mg/ml. while G5 was treated with C. procera @ 10 mg/ml. The groups (1-5) received treatments for five consecutive days (approx. 1ml orally of above said doses each day) after 24 h of the infection with E. coli O157:H7 containing Stx-1. All the chicks were kept under daily observation up to 10 days for clinical signs, mortalities, haemato-biochemical alterations, histopathological changes, and growth performance was also measured up to the 22nd day till the end of the experiment. 

			Haemato-biochemical parameters

			Serum biochemical parameters alanine transaminase (ALT), alkaline phosphatase (ALP), and aspartate transaminase (AST) were assessed using commercial kits. While for hematological parameters like red blood cells (RBCs), Natt and Herrick method (Natt et al., 1952) was used, and for hemoglobin estimation, Drabkins method (Balasubramaniam et al., 1992) was practiced.

			Histopathological examination 

			Histopathology was performed to observe the anti-microbial effects of medicinal plants against E. coli O157:H7 contained Shiga toxin in broiler birds and compared with an infected group. At the end of the experiment, all the remaining birds were slaughtered from each group, and organs (liver, heart, spleen, and intestine) were collected in a jar having 10% buffered formalin and left for a week for hardening. Then processed for histopathological examination by using standard protocol.

			Statistical analysis

			Data were statistically analyzed through SPSS version 22. The data on the percentage of presence of virulent genes and survival percentages analyzed by using the chi-square (χ2) test. However, the data of MIC, MBC, bird growth performance, liver function, and blood parameters were analyzed by using a two-way analysis of variance (ANOVA).

			RESULTS

			The results revealed that a total of 10 (47.6 %) isolates (Table II) were positive for the Stx-1 gene and none of the isolates was positive for the Stx-2 gene. However, there were 11 (52.3%) isolates were negative for both virulent genes.

			Table II. Virulent genes found in E. coli O157:H7 isolated from canine diarrheic pups.

			
				
					
					
					
					
				
				
					
							
							No. of genes

						
							
							Genes

						
							
							No. of E. coli O157:H7 

							harboring genes

						
							
							%

						
					

					
							
							One gene

						
							
							Stx-1a

						
							
							10

						
							
							47.6**++

						
					

					
							
							Stx-2b

						
							
							0

						
							
							0

						
					

					
							
							Two genes

						
							
							Stx-1+Stx-2

						
							
							0

						
							
							0

						
					

					
							
							None of the two genes

						
							
							-

						
							
							11

						
							
							52.3

						
					

				
			

			aStx-1, Shiga toxin 1 gene, bStx-2, Shiga toxin 2 gene, (** P<0.0001; X2=16.51) significance between Stx-1 and Stx-2. ++ shows significance between one and two genes (++ P<0.0001; X2=14.82).

			The results of antibacterial activity (zones of inhibition) are shown in Figure 1 The result showed that the zone of inhibition was significantly (P<0.05) higher in the control group (20.1±1.10 mm) compared to the treatment groups. The zone of inhibition was significantly increased as the dose of treatment groups increased, so that the zone of inhibition was highest at 400 mg/well in all the treatment groups. However, the C. procera showed higher efficacy against E. coli irrespective of treatment dose. The results indicated that the antimicrobial efficacy of the extracts was concentration-dependent.

			The results of MIC and MBC assays are presented in Table III. The results showed that there was a significant difference in MIC and MBC values between C. procera (10 and 75.75, respectively; P<0.01) and all other treatment extracts. These findings indicated that C. procera is a potent antibacterial agent than other herbs

			Table III. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of cold a quans extracts of different plant extracts against E. coli O157:H7. Common letters show significant differences at p < 0.05.

			
				
					
					
					
				
				
					
							
							Plants

						
							
							 MIC (mg/ml)

						
							
							MBC (mg/100 µl)

						
					

					
							
							A. indica

						
							
							18.25

						
							
							125.50a

						
					

					
							
							M. azedarach

						
							
							15.75

						
							
							92.75a

						
					

					
							
							W. coagulans

						
							
							25

						
							
							>150a

						
					

					
							
							N. sativa

						
							
							30

						
							
							275a

						
					

					
							
							C. procera

						
							
							10

						
							
							75.75a
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			Fig. 1. Zones of inhibition induce by cold aqueous extracts of five medicinal plants against E. coli O157:H7 (All the values are expressed in mean ± standard error.

			Feed intake, body weight, weight gain, and feed conversion ratio of broiler birds treated with medicinal compounds are shown in Table IV. The results showed that a significant difference (P ≤ 0.05) was observed in feed intake among birds of experimental groups. The highest feed intake was observed in G 6 (887.21 g) during the experimental trial as compared to other treatment groups. However, the lowest feed intake was observed in G 7 group. The findings with respect to final body weight revealed that the birds from the G1, G2, and G5 gained significantly (P<0.05) more weight than G3, G4, G6, and G7.

			The survival rates of birds post-infection after treatment with herbal extracts are depicted in Figure 2. The results showed that there was a significantly higher survival rate in G6 and G5 (100%; P<0.01) than control and treatment groups (G1-4). In G7 (control positive), 100 % of the birds died after 18 h of incubation (oral administration of E. coli O157:H7). The herbs had no impact on various liver function and blood parameters (ALP, AST and ALT, RBCs, HB, Table V).

			[image: ]

			Fig. 2. The survival percentage of treated groups post infection. Marked * showed a significant higher survival rate in G6 and G5 (100 %, P<0.01) than control and G1-4 treatment groups.

			During the histopathological evaluation of G6 birds, all the organs were observed normal and didn’t exhibit any change. In G7, the birds showed blunting, thickening and abnormal elongation of villi with heavy infiltration of inflammatory cells, and disruption in the apical surface of the intestine, eighteen h post-infection. Moreover, infiltration of lymphocytes, degeneration of myocytes, and extensive presence of inflammatory cells were observed in the heart, along with severe pathological lesions in the liver of the infected birds. In G1, 2, and G5, mucus attachment in the epithelium of the intestine, congestion of blood vessels, necrosis, infiltration of the inflammatory cells, and abnormal elongation of glands along with disruption in some parts of the caecum were observed. In G3, disruption of villi, elongation of glands, and lymphocytic proliferation of caecum along with severe necrosis, haemorrhages, and inflammation were noticed. While in G4, superficial sloughing of epithelial mucosa of the intestine, proliferation of monocytes, and lymphocytes were observed in the caecum. All the groups were observed with normal hearts. In the liver examination, mild degeneration of hepatocytes with an increased population of lymphocytes and macrophages was observed in G1. In G2 and 3, necrosis of hepatocytes and severe degeneration were noticed. In G4, severe degeneration in lymphocytes and pre-dominant lymphoblast were observed. While G5 tissues were found normal.

			Table IV. Growth performance of broiler birds treated with medicinal compounds.

			
				
					
					
					
					
					
					
				
				
					
							
							
							Initial body weight (n=6)

						
							
							Final body weight (n=6)

						
							
							Weight gain

							 (n=6)

						
							
							Feed intake

							 (n=6)

						
							
							FCR 

							(n=6)

						
					

					
							
							Group 1

						
							
							36.10 ± 1.70

						
							
							548.89±0.90ab

						
							
							542.30±0.87b

						
							
							850.10±51.45a

						
							
							1.56±0.12ab

						
					

					
							
							Group 2

						
							
							36.33 ± 0.94

						
							
							574.30±0.87b

						
							
							518.80±0.81b

						
							
							851.10±63.51a

						
							
							1.64±0.11ac

						
					

					
							
							Group 3

						
							
							35.47 ± 0.40

						
							
							521.10±1.23ac

						
							
							484.20±1.12c

						
							
							855.65±52.30a

						
							
							1.76±0.05a

						
					

					
							
							Group 4

						
							
							35.52 ± 0.42

						
							
							480.50±2.80c

						
							
							453.60±1.097c

						
							
							846.20±138.50b

						
							
							1.86±0.02a

						
					

					
							
							Group 5

						
							
							36.12 ± 0.52

						
							
							615.00±0.78a

						
							
							575.62±0.77a

						
							
							860.31±56.27a

						
							
							1.49±0. 01b

						
					

					
							
							Group 6

						
							
							36.95 ± 0.93

						
							
							541.11±2.65c

						
							
							434.20±1.01c

						
							
							840.21±47.24b

						
							
							1.93±0.06a

						
					

					
							
							Group 7

						
							
							35.00 ± 0.10

						
							
							219.21±1.35a

						
							
							190.15±0.07a

						
							
							90.01±22.01a

						
							
							0.47±0.02b

						
					

					
							
							p-value

						
							
							0.5414

						
							
							<0.0001

						
							
							<0.0001

						
							
							0.0121

						
							
							0.0223

						
					

				
			

			All the values are expressed in mean ± standard error, Common letters show non-significant differences at p > 0.05 whereas Different letters a-c within a column show significant differences when p ≤ 0.05. FCR is feed conversion ratio. Group 1, Azaderachta indica treated group; Group 2, Melia azaderach treated group; Group 3, Withania coagulans treated group; Group 4, Nigella sativa treated group; and Group 5, Calotropis procera treated group; Group 6, negative control; Group 7, Positive control.

			Table V. Blood and liver function profile of birds treated with medicinal plants.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							G1

						
							
							G2

						
							
							G3

						
							
							G4

						
							
							G5

						
							
							G6

						
							
							G7

						
							
							p value

						
					

					
							
							RBCs

						
							
							4.59 ± .05

						
							
							4.90 ± .50

						
							
							3.71 ± 1.50

						
							
							3.58 ± .80

						
							
							4.90 ± .01

						
							
							4.12 ± 5.1

						
							
							2.76 ± 3.2

						
							
							0.2

						
					

					
							
							Hb

						
							
							10.10 ± 1.21

						
							
							12.10 ± 4.57

						
							
							8.70 ± 1.21

						
							
							8.30 ± 2.81

						
							
							13.50 ± 2.50

						
							
							9.89 ± 1.31

						
							
							6.42 ± 1.05

						
							
							0.08

						
					

					
							
							ALP

						
							
							15.50 ± .01

						
							
							17.75 ± .61

						
							
							14.15 ± .35

						
							
							14.0 ± .75

						
							
							18.22 ± 1.70

						
							
							18.80± 3.67

						
							
							11.75±2.10

						
							
							0.3

						
					

					
							
							AST

						
							
							11.12 ± 1.10

						
							
							13.21 ± 1.40

						
							
							9 .70 ± 3.30

						
							
							10.65± 0.90

						
							
							12.7 ± 1.22

						
							
							13.12 ± 1.97

						
							
							6.10 ± 1.10

						
							
							0.1

						
					

					
							
							ALT

						
							
							58.0 ± 9.0

						
							
							67.19 ± 12.0

						
							
							51.50 ± 10.1

						
							
							65.10± 12.0

						
							
							59.48 ± 54.3

						
							
							62.05 ± 32

						
							
							45.20±9.05

						
							
							0.6

						
					

				
			

			For statistical details and details of groups, see Table IV. RBC, red blood cell; Hb, hemoglobin; ALP, alkaline phosphatase; AST, asparate aminotransferase; ALT, alamine aminotransferase.

			Discussion

			In the present study, the PCR revealed that the Stx-1 gene is the most predominant virulent gene associated with E. coli O157:H7 isolated from diarrhoeic dogs. The pathogenicity of E. coli O157:H7 is directly attributed to its virulence factors (Stx-1 and Stx-2 genes) resulting destruction of eukaryote ribosome and inhibiting protein biosynthesis of the host (Algammal et al., 2022). These findings agreed with Rahman et al. (2021) who reported that most of the E. coli O157:H7 isolates herboard Stx-1 genes. In the present study, the prevalence of Shiga toxin-1 gene (47.6 %) is almost similar to that reported by the previous study (43.7 %) of Okwu et al. (2020). Moreover a lower prevalence of Shiga toxin-1 gene (33.3 %) was documented by Dhanki et al. (2018). The possible reason for variation in the prevalence of Shiga toxin-1 gene might be attributed to the different exposure of the dogs to the organism.

			The present study confirmed the inhibitory effect of cold aqueous extract of leaf of C. procera through agar well diffusion method against E. coli O157:H7. In previous reports, the absence of inhibitory effect of sequentially extracted hot (water bath), methanolic extracts of C. procera leaf against disc diffusion method was shown (Hossain et al., 2021). The contradiction between previous and current studies results might be due to differences in extraction method, antibacterial activity method, or both. The past studies stated that some of the active biomolecules may escape from the extract as a result of the high-temperature treatment during the water bath extraction (Kayath et al., 2022). As the free hydroxyl groups present in the disc may prevent the diffusion of cationic polar molecules, the agar well diffusion method might be superior to the disc diffusion method. The results of the current study proved that M. azedarach had the antibacterial inhibitory activity. A few earlier studies (Tavakkoli et al., 2021), also documented that M. Azaderach contains antibacterial substances. Our study is inconsistent with the findings of Haq et al. (2020) and Singh and Kumar (2018) who stated that the leaves of M. azaderach are more effective against Gram-negative strains of bacteria than Gram-positive. The earlier studies suggested that W. coagulans exhibited moderate activity against E. coli (Bilal et al., 2020) which support our study. The current study showed resistance for E. coli O157:H7 to cold aqueous extracts of N. sativa. Several investigators (Sharma and Kharel, 2019) had also reported that methanolic extracts of N. Sativa were ineffective against E. coli, whereas few researchers (Yang and Rothman, 2004; Carvalho et al., 2016; Subramaniam et al., 2020; Fullerton et al., 2011) found the antimicrobial activity of N. sativa. This discrepancy might be possibly due to difference in the characteristics of bacterial strains and difference in solvent extraction.

			[image: ]

			Fig. 4. Histo-pathological changes in liver (A, B), broiler heart (C), intestines (D, E,F) and spleen (G).

			The encircled area in A (positive control) shows necrosis with empty spaces along with karyorrhexis and diffused congestion in the liver. The encircle area in B shows the diffused congestion in the liver. C Shows extensive presence of inflammatory cells in the myocarditis. D shows disrupted villi (arrows) while the stars in E indicated elongation of the glands of the cecum and lymphocytic proliferation (arrows) in cecum of W. coagulans group Photomicrographs of broiler intestine and spleen group 4. F showes abnormal elongation of the villi of intestine of Nigella sativa treated group encircled area in G showed the infiltration of inflammatory cells, lymphocytes and neutrophils in spleen.

			MIC refers to the lowest concentration of an antimicrobial agent that prevents the growth of the pathogen. High values of MIC are an indication of limited antibacterial efficacy. Current results are in agreement with the reports of various researchers, that the MIC of plants has been an important tool in determining the antimicrobial potential of plants (Abdulrazzaq et al., 2021). The findings of the current study showed a significantly low (10 mg/ml) MIC value for C. procera against E. coli O157:H7. Similar findings were observed by Bilal et al. (2020) for E. coli. The plausible reason may be the similar dose rates or constituents in the extract of herbs. 28 mg/ml MIC of aqueous extract of C. procera against E. coli was documented in a previous study (Kishor et al., 2020), which was slightly higher than our findings. The findings of the current study showed that the MIC activity of M. azedarach against E. coli O157: H7 was 15.75 mg/ml concentration. The results of the present study are incompatible with the past study of Kwon and Chao (2015) who reported 47.8 mg/ml MIC for aqueous extract of M. azaderach against E. coli. The findings of this study for MIC of A. indica extract against E. coli O157:H7 was 18.25 mg/ml, which are in agreement with Parihar and Balekar (2016). Our results for MIC for W. coagulans are supported by Sharma and Kharel (2019) and Zahid et al. (2020). 

			The feeding behaviour of our study showed that birds were significantly affected by herbs, C. procera treated group had the highest final weight and total weight gain. The increase in weight gain may be due to the highest amount of carbohydrate, ash, and protein found in C. procera (Rahman et al., 2021; Okwu et al., 2020). The results of our findings for M. azaderach disagreed with Tavakkoli et al. (2021) who reported that aqueous extract of M. azaderach significantly decreased body weight, final weight gain, and relative growth rate in birds. The incongruity in results may be due to difference in dose rate, extract consistency, and environmental condition. The performance of birds in our study by feeding A. indica showed significantly better performance as compared to the control healthy group. These results coincide with those of Owolabi et al. (2017), Qureshi et al. (2019) and Parihar and Balekar (2016). On the other hand, the present study opposed the findings of Munir et al. (2017). 

			Severe pathological lesions were reported in the current study in the liver of infected birds. Our findings in terms of infected liver birds are in accordance with those of Torkan et al. (2016) and Samuel and Sudi (2020) who concluded that the liver had the potential to absorb a large concentration of Shiga toxin travelled through the hepatic portal system.

			In the present study, the results of histopathological evaluation agreed with those of Khan et al. (2022) who demonstrated that inflammatory reaction in the intestine is due to the strain that survives in the gastrointestinal environment and colonize in the intestinal tissues. In heart, infiltration by the increasing number of lymphocytes, degeneration of myocytes, and extensive presence of inflammatory cells observed in the present study are corroborated by Zahid et al. (2020) who reported that E. coli O157:H7 produces pathological lesions in cardiac muscle fibers.

			The results of the present study revealed that the birds treated with C. procera showed no significant difference (p>0.05) for ALT, ALP, AST, RBCs, and Hb. The present study disagrees with Derbal and Diar (2019) who stated that leaves of C. procera showed harmful effects on albino rats. Our research is consistent with the findings that A. indica leaf meal in the diet of broilers had no adverse effects on liver function parameters (Kiranmayi and Krishnaiah, 2010) and in contrast with Fullerton et al. (2011) who observed a significant difference (P<0.05) in blood profile of chickens. In the current study, the performance of birds by treating A. indica showed significantly better performance as compared to the control healthy group which coincides with the findings of Okwu et al. (2020) and Kayath et al. (2022) and opposes the findings of Owolabi et al. (2017), Viera et al. (2020) and Ali et al. (2021) who had observed no positive effects of the A. indica supplementation on the bird’s performance. Our findings in terms of W. coagulans are in agreement with those of Kwon and Cho (2015) who concluded that W. coagulans serves as a potent alternative to synthetic compounds to improve broiler performance. Our findings in terms effect of N. sativa treatment on blood parameters is encouraged by Bilal et al. (2020). The liver function enzymes remained unaffected (P>0.05) by N. sativa as documented by Hossain et al. (2021) who stated that N. sativa had no adverse effect on (SGPT, SGOT, and ALP) and may be used as an alternative to antibiotics and as a growth promoter in broiler chickens. 

			CONCLUSION

			The canine diarrhoeic puppies harbour Shiga toxins producing E. coli O157:H7. The higher prevalence of Stx-1 showed pathogenic potential of this strain. Aqueous extract of C. procera exhibited promising antibacterial activity against Shiga toxins producing E. coli O157:H7 among the medicinal plants used (A. indica, M. azedarach, W. coagulans, N. sativa) and may be a potential candidate in drug development for the treatment of Shiga toxins producing E. coli O157:H7 infection. In future, the detailed investigations may be carried out to explore the mode of action, side effects of these medicinal plants, and their safety index, before development and application of plant based drugs to counteract Shiga toxins producing E. coli O157:H7 infection. 
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ABSTRACT

This study aimed to determine the anti-bacterial efficacy of 5 different medicinal plant extracts against
Shiga toxin (E. coli O157:H7) based on the in-vitro and in-vivo trial. A total of twenty-one (n=21) PCR-
confirmed isolates were selected for detection of virulent genes in-vitro trial (zone of inhibition). For
in-vivo trial, forty-two (n=42) day-old chicks were divided into seven equal groups randomly (n=6 birds/
group), and were classified as: G1 (Azadirachta indica @ 18.25 mg/ml), G2 (Melia azedarach @ 15.75
mg/ml), G3 (Withania coagulans @ 25 mg/ml), G4 (Nigela sativa @ 30 mg/ml), and G5 (Calotropis
procera @ 10 mg/ml) were taken as treatment groups, while G6 as a negative control, and G7 as a positive
control. The results showed that 47.6% serovars were positive for the virulent gene (Stx-1). Moreover, the
highest zone of inhibition was observed in G5 (17.1 £ 0.60 mm, P<0.05) as compared to other groups,
which indicated high anti-bacterial efficacy on in-vitro basis. The survival rate and weight gain of chicks
were significantly higher (P<0.05) in G5 compared with all other groups. However, none of the medicinal
plant extracts affect liver function and blood parameters. Finally, in conclusion, C. procera was found to
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be highly effective to protect birds against E. coli O157:H7 infection.

INTRODUCTION

Diarrhoea is one of the most frequent conditions
in dogs (Ramos ef al., 2021), and is caused by
various infectious agents such as viruses, protozoa
(Giilersoy et al., 2022) and bacteria (Candellone et al.,
2020). Escherichia coli is the major causative agent in
causing diarrhoea in puppies (Algammal er al., 2022),
which is divided into intra-intestinal and extra-intestinal
pathogenic serotypes (Sadeq ef al., 2018). The most
common is enterohaemorrhagic serotype, subdivided
into shigatoxigenic and verotoxigenic (Kiranmayi et al.,
2010). The most important serovar is E. coli O157:H7
(Abdulrazzaq et al., 2021). It causes fatal diseases in dogs,
including hemorrhagic colitis (HC) and haemolytic uremic
syndrome (HUS) (Kwon and Cho, 2015; Boland et al.,
2013). Therefore, the accurate diagnosis of this serovar of
E. coli is mandatory.

Medicinal plants are mainly used for human health.
It had been used for the treatment of various diseases
due to the presence of their phytochemical constituents
(Fullerton et al., 2011). According to WHO, 80% of
communities in developing countries are using traditional

medicines (Lee ef al., 2019). The wide use of medicinal
plants as an alternative to conventional drugs is due to
low anti-microbial resistance as compared to conventional
drugs (Owolabi ef al., 2017). Plant-based therapeutics are
biodegradable and harmless to the environment (Munir ef
al.,2017). Experimentally it has been proven that products
obtained from medicinal plants are the most economical
and active natural antibiotics (Qureshi ez al., 2019).

Various plants have been used as antibacterial agents
including Azadirachta indica (Parihar and Balekar,
2016), Melia azedarach (Khan et al., 2022), Nigela
sativa, Withania coagulans (Nwokafor et al., 2020), and
Calotropis procera (Kamruzzaman et al., 2013). These
herbal extracts interfere with the functions of the cell wall,
cell membrane, and protein synthesis and lead to leakage
in cytoplasmic bacteria, and finally inhibit the growth of
bacteria (Dutta ef al., 2015). Despite the beneficial effects
of these plant extracts, no study is reported against E. coli
O157:H7 infection particularly in canines. Therefore, this
study was designed to assess the antimicrobial activities
of the cold aqueous extracts of 4. indica, M. azedarach,
N. sativa, W. coagulans, and C. procera by using various
in-vitro and in-vivo methods.
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