
The activity of combinations of currently used antigiardial drugs
against Giardia duodenalis

Author
Fayd'Herbe, Keely, Lam, Chun Kit, Hart, Christopher JS, Skinner-Adams, Tina S

Published
2025

Journal Title
Transactions of The Royal Society of Tropical Medicine and Hygiene

Version
Version of Record (VoR)

DOI

10.1093/trstmh/traf101

Rights statement
© The Author(s) 2025. Published by Oxford University Press on behalf of Royal Society of
Tropical Medicine and Hygiene. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original
work is properly cited.

Downloaded from
https://hdl.handle.net/10072/439024

Funder(s)
NHMRC

Grant identifier(s)
GNT2027850

Griffith Research Online
https://research-repository.griffith.edu.au

http://dx.doi.org/10.1093/trstmh/traf101
https://hdl.handle.net/10072/439024
https://research-repository.griffith.edu.au


SH
OR
T
CO
M
M
UN

IC
AT
IO
N

Trans R Soc Trop Med Hyg 2025; 0 : 1–3
https://doi.org/10.1093/trstmh/traf101 Advance Access publication 0 2025

The activity of combinations of currently used antigiardial drugs
against Giardia duodenalis

Keely Fayd’Herbea , b , † , Chun Kit Lama , b , † , Christopher J.S. Harta , b , † , and Tina S. Skinner-Adams a , b , ∗ , †

a Institute for Biomedicine and Glycomics, Griffith University, Nathan, Queensland, 4111, Australia; b School of Environment and Science, 
Griffith University, Nathan, Queensland, 4111, Australia 

∗Corresponding author: Tel: 07 37354417, 61737354417. E-mail: t.skinner-adams@griffith.edu.au
† Present address: Institute for Biomedicine and Glycomics, Don Young Road, Building N.75, Griffith University, Nathan, Queensland, Australia 4111. 

Received 26 June 2025; revised 18 August 2025; editorial decision 26 August 2025; accepted 28 August 2025 

Background: Drug-combination therapies are needed to combat treatment refractory giardiasis. However, data
describing the activity of combinations of currently used drugs against Giardia duodenalis are unavailable. 

Methods: The in vitro activity of combinations of currently used antigiardial drugs were investigated against
G. duodenalis .

Results: Combinations of metronidazole with albendazole or quinacrine, and quinacrine with nitazoxanide,
behaved additively, whereas combinations of metronidazole with nitazoxanide, albendazole or quinacrine 
behaved synergistically. Combinations of albendazole with nitazoxanide behaved antagonistically. 

Conclusions: While combinations of metronidazole with nitazoxanide, or albendazole with quinacrine, may be
effective treatments of giardiasis, combinations of albendazole with nitazoxanide are likely to result in negative 
pharmacodynamic interactions. 
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this position, the aim of the current study was to investigate 
the in vitro activity of combinations of currently used antigiar- 
dial drugs against G. duodenalis . Combinations assessed included 
the 5-nitroimidazole, metronidazole, the benzimidazole, alben- 
dazole, the thiazolide, nitazoxanide, and the acridine derivative, 
quinacrine. 

Materials and methods
The activity of drugs whether alone or in combination was 
assessed against BRIS/87/HEPU/713 G. duodenalis parasites in 
96-well micro titre plates (2% O2 , 5% CO2 in N2 ) using automated
microscopy.4 Media, parasite and dimethyl sulfoxide (DMSO)-
vehicle controls (0.4%) were included on each plate and all tests
were performed in biological triplicate with growth assessed after
48 h. Drug combinations were assessed as previously described,5
by titrating an eight-point concentration range of each drug
against seven fractional inhibitory concentrations (FICs; 0–1;
where an FIC = 1 was equivalent to each drug’s IC50 as determined
using non-linear regression analysis [GraphPad Prism, Dotmatics,
San Diego, California, USA]) of the remaining drugs. Data were
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iardiasis, caused by the flagellate protozoan parasite Giardia 
uodenalis , is a common but neglected intestinal illness that 
esults in global morbidity. As there are no vaccines for giardiasis, 
ontrol relies on sanitation, education and chemotherapies. How- 
ver, current chemotherapeutic options are failing, resulting in 
ncreasing reports of treatment refractory disease. Indeed, up to 
0% of infections have been reported to be treatment refractory.1 
o combat treatment refractory giardiasis, there is an urgent need 
or new drugs and drug combinations that improve treatment 
utcomes and prevent the spread of drug-resistant parasites. 
While drug-combination strategies have demonstrated their 
orth in controlling other parasites, they are rarely used to treat 
iardiasis. There are also limited data available that describe 
he activity of drug combinations against G. duodenalis .1 , 2 In 
ivo activity assessments are essentially limited to case studies 
r trials involving small cohorts,2 and despite providing impor- 
ant pharmacodynamic interaction information that can guide 
he selection of drug-combination partners, only one combina- 
ion of currently used frontline antigiardial drugs, metronida- 
ole with quinacrine, has been examined in vitro.3 To improve 
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Figure 1. Isobolograms illustrating the interactions of antigiardial drug combinations against G. duodenalis parasites in vitro . The in vitro interac- 
tion of metronidazole in combination with albendazole (A), nitazoxanide (B), quinacrine (C), albendazole in combination with nitazoxanide (D) and 
quinacrine (E) and quinacrine in combination with nitazoxanide (F) were assessed by performing 48 h checkerboard growth inhibition studies against 
BRIS/87/HEPU/713 G. duodenalis parasites and generating isobolograms, plots of combinations of compounds that resulted in 50% growth inhibition.5 
Combinations of compounds that resulted in 50% growth inhibition are presented as fractional inhibitory concentrations, where a FIC = 1 represents 
the concentration of each compound required to inhibit G. duodenalis growth by 50%. Interaction (I) values and the significance of these values from 

zero was assessed as previously described.5 

 

 

 

 

 

 

 

 

visualised by generating isobolograms, plots of drug combina-
tions that resulted in 50% growth inhibition. Isoboles were fitted
to these data and interaction (I) values calculated as previously
described.5 Using this analysis, positive I values indicate synergy,
negative I values indicate antagonism and I = 0 indicates additiv-
ity. The significance of I from 0 was assessed using Student’s t
test.5 
 

2

Results
The 48 h growth inhibition activities of metronidazole (IC50
4.2 ±0.7 µM), albendazole (IC50 0.8 ±0.1 µM), quinacrine (IC50
1.0 ±0.2 µM) and nitazoxanide (IC50 0.6 ±0.3 µM) were within
previously reported ranges.2 , 4 When assessed in combina-
tion against G. duodenalis parasites in vitro, metronidazole
behaved additively with albendazole (I = −0.3; p > 0.1; Figure 1 A)
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r quinacrine (I = 0.0; p > 0.1; Figure 1 C), but synergistically 
ith nitazoxanide (I = 0.9; p < 0.001; Figure 1 B). Albendazole 
ehaved antagonistically with nitazoxanide (I = −1.3 p < 0.05; 
igure 1 D) and synergistically with quinacrine (I = 0.6 p < 0.05; 
igure 1 E). Meanwhile, combinations of quinacrine with nitazox- 
nide behaved additively (I = 0.4 p > 0.1; Figure 1 F). 

iscussion
he data generated from this work suggest that while most com- 
inations of currently used antigiardial drugs behave additively 
r with some synergy in vitro and hence may be useful in vivo, 
aution should be advised when using albendazole with nitazox- 
nide. This drug combination behaved antagonistically against 
arasites in vitro (Figure 1 D) and hence may not be the best com-
ination to use against treatment refractory parasites. While fur- 
her studies are required to determine whether this combination 
s antagonistic in vivo, a 2013 randomised controlled trial inves- 
igating the activity of nitazoxanide and albendazole in children, 
gainst Trichuris trichiura , demonstrated this combination to have 
oor activity against G. duodenalis .6 
In contrast to the unfavourable activity of nitazoxanide and 

lbendazole, the observation that albendazole behaved syner- 
istically with quinacrine bodes well for the use of this combina- 
ion in vivo. Noting that while there has been only one report of 
uinacrine and albendazole therapy being used in a treatment 
efractory setting and that there are some concerns regarding 
he safety of quinacrine, this study reported 100% efficacy (7/7 
ases).1 Data generated during the current study also support 
ombatting treatment refractory giardiasis with metronidazole 
nd nitazoxanide combination therapies. While the synergistic 
ctivity of these drugs was not anticipated given the ability of 
itazoxanide to inhibit pyruvate ferredoxin oxidoreductase, and 
he importance of this enzyme in reducing metronidazole to its 
eactive species,2 these data highlight the potential of this com- 
ination. They also demonstrate the importance of experimen- 
ally examining the direc t ac tivity of compound combinations, 
iven that the overall impact of these therapies may be the result 
f a complex interplay of interactions that are rarely completely 
nderstood. 

onclusions
he current study has identified synergistic drug combinations 
hat may help combat treatment refractory G. duodenalis infec- 
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rticle distributed under the terms of the Creative Commons Attributio
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ions and hence should be prioritised for further in vivo safety and 
fficacy investigations. Evidence demonstrating that albendazole 
nd nitazoxanide behave antagonistically in vitro may explain 
hy this combination has demonstrated poor activity in the clinic 
nd suggest that this drug combination should not be used in 
reatment refractory cases. 
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