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Following this first investigation into the impact of PZQ on the equine hindgut
microbiome fermentation, we suggest that PZQ treatment may alter the fermentation
pathways in the equine hindgut based on microbial activities and fermentation
products, which could impact on the nutritional functioning of the caecum. To further
characterise PZQ impact, collected microbial samples are undergoing both meta-
proteomic and meta-taxonomy analysis for a complete assessment of PZQ induced
alterations.

References
1. Garber, A., Hastie, P. and Murray, J.A., 2020. Factors influencing equine gut microbiota: Current knowledge. Journal of Equine Veterinary Science, 88, p.102943.
2. Nielsen, M.K., 2016. Equine tapeworm infections: Disease, diagnosis and control. Equine Veterinary Education, 28(7), pp.388-395.
3. Wititkornkul, B., Hulme, B.J., Tomes, J.J., Allen, N.R., Davis, C.N., Davey, S.D., Cookson, A.R., Phillips, H.C., Hegarty, M.J., Swain, M.T. and Brophy, P.M., 2021. Evidence of Immune Modulators in the Secretome of the Equine Tapeworm Anoplocephala perfoliata. Pathogens, 10(7), p.912.
4. Theodorou, M.K., Williams, B.A., Dhanoa, M.S., McAllan, A.B. and France, J., 1994. A simple gas production method using a pressure transducer to determine the fermentation kinetics of ruminant feeds. Animal feed science and technology, 48(3-4), pp.185-197.
5. de la Fuente, G., Jones, E., Jones, S. and Newbold, C.J., 2017. Functional Resilience and Response to a Dietary Additive (Kefir) in Models of Foregut and Hindgut Microbial Fermentation In Vitro. Frontiers in microbiology, 8, p.1194.
6. Ørskov, E.R. and McDonald, I., 1979. The estimation of protein degradability in the rumen from incubation measurements weighted according to rate of passage. The Journal of Agricultural Science, 92(2), pp.499-503.

Figure 2. Principal component analysis (PCA) at 24 h of incubation of a mixed diet (70meadow hay: 30barlay) in a 
hindgut model of equine fermentation incubated with praziquantel at concentration of 0.00 mmol/L (control), 0.03 

mmol/L , 0.08 mmol/L  and 0.13 mmol/L, coloured symbols in blue, green, black and red, respectively. 

Table 1: The kinetics of gas production profile over a 72 h fermentation period by the exponential model
of a hindgut model of equine fermentation incubated with PZQ at various dosage levels

In vitro hindgut fermentation model

Fermentation 
products/parameters

Praziquantel (mmol/L)
SED P value

0.00 0.03 0.08 0.13

Total VFA (mM) 31.00ab 41.50b 36.30ab 29.20a 4.340 0.058
Acetate (mM) 19.90ab 27.60b 23.60ab 17.90a 3.510 0.073
Propionate (mM) 5.18 6.26 5.59 4.86 0.904 0.471
Total Butyrate (mM) 5.44a 6.95b 6.35ab 5.34a 0.508 0.023
Total Others (mM) 0.48 0.67 0.80 1.11 0.343 0.354
Acetate (%) 65.34b 65.42b 64.63ab 60.51a 1.681 0.038
Propionate (%) 16.01 16.25 15.62 16.66 1.351 0.889
Total-Butyrate (%) 16.99 16.70 17.52 18.79 1.657 0.614
Total-Others (%) 1.66a 1.64a 2.23ab 4.05b 1.163 0.182
Acetate:Propionate Ratio 7.42 7.08 6.61 4.80 1.454 0.321
Ammonia (mM) 1.86 2.36 1.51 2.63 0.813 0.535
D-Lactate (mM) 0.059 0.054 0.053 0.096 0.017 0.157
L-Lactate (mM) 0.157 0.073 0.102 0.212 0.010 0.539
Total-Lactate (mM) 0.234 0.144 0.172 0.313 0.118 0.510
pH Substrate 7.10 7.02 7.04 7.04 0.049 0.389

Effect of PZQ on hindgut fermentation kinetics 

Gas Production (Psi)—Head-space gas pressure 
(at 2, 4, 6, 8, 12, 24, 48 and 72 h)

pH—pH meter

Volatile fatty acids (VFAs) —gas liquid 
chromatography

Ammonia concentration—Megazyme 
Ammonia Assay Kit 

Lactate concentration—Enzytec™ Generic D-
/L-Lactic acid

The metabolome fingerprint—Fourier-transform 
infrared spectroscopy (FTIR) 

Figure 1. The gas production curve over a 72 h fermentation period of a mixed diet (70meadow 
hay: 30barlay) in a hindgut model of equine fermentation incubated with PZQ at concentration of 

0.00 mmol/L (control), 0.03 mmol/L, 0.08 mmol/L and 0.13 mmol/L. 

Conclusion

Fermentation 

parameters

Praziquantel (mmol/L) 
SED P value

0.00 0.03 0.08 0.13

a+b 13.874 12.242 14.185 15.957 2.735 0.615
c 0.052 0.054 0.043 0.035 0.011 0.358

Table 2: Summary table of fermentation products and pH at 24 h of incubation of a mixed diet (70meadow
hay: 30barlay) in a hindgut model of equine fermentation incubated with PZQ at various dosage levels

Result:
❖No significant different between 4 PZQ treatments (p>0.05) on
❖The kinetics of gas production profile over a 72h fermentation period (Figure 1&Table 1).
❖pH, Ammonia and Lactate concentration (Table 2) and metabolome fingerprint after 24h

incubation (Figure 2).
❖At 24 hours post incubation (Table 2)
❖A low dose of PZQ significantly increase the production of total butyrate level (p<0.05).
❖A high dose of PZQ significantly decrease the percentage of acetate levels (p<0.05) and leads

to a trend in decrease of the production of total VFAs and specifically acetate levels (p<0.1).
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Horses are hindgut fermenters and microbes within the hindgut play important roles in enhancing the fermentation processes providing
nutrients and energy to the host, as well as maintaining intestinal homeostasis. However, dysbiosis of the equine hindgut microbiota is common and can be influenced by a variety
of factors, often associated with metabolic diseases and disorders1. The equine tapeworm, Anoplocephala perfoliata, infects horses worldwide and are found primarily attached to
the caecal wall, adjacent to the ileocaecal valve2. Both A. perfoliata and praziquantel (PZQ), a commonly used anthelmintic for A. perfoliata treatment and control, represent a
substantial threat to the fragile equine microbiome. Recent molecular work generating the first A. perfoliata transcriptome and characterising the proteome of the secretome has
supported our understanding of the host-parasite interaction3. However, the interaction between the infection and the exposure of PZQ on the equine gut microbiome has so far
been neglected. The current work therefore aimed to initially determine the effect of PZQ on hindgut fermentation kinetics using an in vitro hindgut fermentation model.

Introduction

Materials & Methods:
❖Substrate were fermented in vitro with an equine faecal inoculum (n=5) using a

hindgut fermentation gas production model4.
❖Substrate (Mixed meadow hay & barley in a 70:30 ratio) went through pre-caecal

digestion by pepsin and pancreatin treatment5.
❖Treatments: 4 PZQ at 0.00, 0.03, 0.08 and 0.13 mmol/L with and without substrate.
❖The kinetics of gas production profile over a 72 h fermentation period were

analysed using the exponential model: Y = a+b(1−e(−ct)) 6.
❖Fermentation products, parameters and the metabolome after 24 hours

incubation following exposure to PZQ at various dosage levels were investigated.


