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Abstract: Herniaria hemistemon J.Gay is widely used in folk medicine to treat hernia. The present study aimed to 

annotate the phytoconstituents of H. hemistemon aerial-part extract and investigate its in vivo 

anticryptosporidial activity. The chemical characterization was achieved via the LC–ESI–MS/MS technique 

resulting in the annotation of 37 phytocompounds comprising flavonoids and phenolic acids. Regarding the 

anticryptosporidial activity, fifty dexamethasone-immunosuppressed mice were separated into five groups: GI, 

un-infected (normal control); GII, infected but not treated (model); GIII, infected and received NTZ, the 

reference drug; GIV, infected and received H. hemistemon extract (100 mg/kg); and GV, infected and received H. 

hemistemon extract (200 mg/kg). When GIII, GIV, and GV were compared to GII, parasitological analyses 

displayed highly significant differences in the mean numbers of Cryptosporidium parvum oocysts in the stool 

between the different groups. GV demonstrated the highest efficacy of 79%. Histopathological analyses 

displayed improvement in the small intestine and liver pathology in the treated groups (GIII, IV, and V) related 

to the model (GII), with GV showing the highest efficacy. Moreover, the docking-based study tentatively 

highlighted the potential of benzoic acid derivatives as lactate dehydrogenase inhibitors. The docked 

compounds showed the same binding interactions as oxamic acid, where they established H-bond interactions 

with ARG-109, ASN-140, ASP-168, ARG-171, and HIS-195. To sum up, H. hemistemon is a promising natural 

therapeutic agent for cryptosporidiosis. 
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1. Docking-based virtual screening 

1.1. Ligand Structure Generation 

OpenBabel v.3.1.1 [1] was used to convert the structures’ SMILE codes to three-dimensional 

configurations that were subsequently subjected to a minimization of energy using the steepest 

descent technique with the same software. The minimization was performed by the force field 

MMFF94. Using AutoDockTools v.4.2, all torsions of the selected structures were assigned and their 

Gasteiger charges were provided for all studied atoms in structures [2].  

1.2. Protein Structure Preparation 

For docking screening, the crystal structure of lactate dehydrogenase from Cryptosporidium parvum 

(PDB code: 4ND1) [3] was used. PDBfixer [4] was used to edit the downloaded structure, adding 

missing residues and atoms, and removing co-crystalized H2O and heteroatoms. Through AutoDock 

Tools v.4.2, polar hydrogen and Gasteiger charges were subsequently made available for both 

proteins. 

1.3. Structural Docking 

The docking process was carried out using the PyRx platform's built-in AutoDock Vina software 

[4,5]. According to the co-crystalized ligands of both enzymes, the docking search grid boxes were 

determined to perfectly enclose them with a 20 Å 3 total size. The grid box's coordinates were set to be 

x = 23.5; y = 38.45; z = 64.84. The level of exhaustion was held at 24. Pymol software was used to 

evaluate and display docking poses. Exhaustiveness was set to 24. Ten poses were generated for 

each docking experiment. Docking poses were analyzed and visualized using Pymol software [6]. 

The docking protocol was validated by re-docking the co-crystalized ligand (i.e. oxamic acid) into 
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the active site of the enzyme. The resulting top-scoring pose of the co-crystalized ligand was in good 

alignment with the co-crystalized one with slight deviations (RMSDs = 0.74). 
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