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ABSTRACT
Background: Macrocyclic lactones (MLs) are pharmaceutical compounds extensively utilized in the management 
of Rhipicephalus microplus tick infestations in bovine populations. It is of paramount importance to prevent or delay 
the development of drug resistance to ML. In vitro techniques are validated by FAO and can serve as an orientative 
diagnosis of the resistance developed in field conditions. Diluent selection must be considered when sensitivity on field 
strains is being studied. The syringe immersion test (SIT) is a modification of the larval immersion test where syringes 
are used seeking to reduce the workload. 
Aim: Study the interchangeability of two diluents in the diagnosis of sensitivity to MLs on R. microplus larvae using 
the SIT technique. 
Methods: Dose-response curves were adjusted using SIT with MLs, on different diluents [acetone (ACT) and dimethyl 
sulfoxide (DMSO)] on Mozo strain (standard susceptible strain). Slope, potency, and discriminating concentration 
were estimated for each drug on both diluents. A four-parameter log-logistic model was applied for model fitting. The 
ratio between estimated parameters was used to compare results. Field strains were tested on both diluents for each 
drug, using the discriminating concentration estimated for Mozo strain.
Results: For the Mozo strain, dose-response models were adjusted for each drug on both diluents using SIT. 
Ivermectin (IVM) and doramectin (DRM) showed no significant difference in slope when comparing diluents (p > 
0.05); moxidectin (MOX) presents a higher sensitivity for DMSO versus IVM (p < 0.05). Significant differences occur 
when comparing DRM with MOX in both diluents. Potency does not differ for avermectins using ACT 1%, and MOX 
has a higher potency than avermectins (p < 0.05). On field populations, we found an increase in larval mortality when 
using DMSO as opposed to ACT (p < 0.05) for IVM, DRM, and MOX, a differential sensitivity to detect larvae with 
survival capacity at equal levels of lethal concentration in both diluents for the same drug on Mozo strain.
Conclusion: We conclude that the SIT technique is a tool capable of detecting susceptibility/resistance in R. microplus 
populations regardless of the diluent used.
Keywords: Diagnostic, Ectoparasiticides, Pharmacodynamics, Resistance, Ticks.

Introduction
Rhipicephalus microplus ticks are an obligate and 
temporary external parasite of vertebrate animals. They 
are responsible for serious direct economic losses due to 
their hematophagous feeding, as well as indirect losses 
due to being vectors of pathogens (Eckstein et  al., 
2015; Molento, 2020), in addition to the costs involved 
in ectoparasite control strategies (labor, purchase of 
veterinary products, and appropriate instruments). 
Given that chemical treatments are currently almost 
the only resource available to producers for the control 
of this parasite (Fiel and Nari, 2013), it is imperative to 
carry out studies to ensure the efficacy of the tool for 
as long as possible, avoiding or delaying the generation 
of resistance, which is becoming a global problem 

(Cuore et  al., 2012; Reck et  al., 2014; Vilela et  al., 
2020; Villar et  al., 2020). Major contributing factors 
to the development of resistance may be the misuse of 
drugs (Bianchi et al., 2003) and the use of the wrong 
concentration of acaricide, leading to the failure of the 
tick control programs (Pegram et al., 2000).
The macrocyclic lactones (MLs) family consists 
of avermectins [ivermectin (IVM) and doramectin 
(DRM)] and milbemycins [moxidectin (MOX)]. There 
is concern about the possibility of cross-resistance 
between MLs, given their similar molecular structures 
and mechanisms of action (Prichard et  al., 2012), 
with an increasing need to maximize the use of the 
pharmacological tool. Aspects of potency and peak 
efficacy, the main parameters of pharmacodynamics, 
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must be taken into account when performing sensitivity 
diagnostics in field populations. Early characterization 
of the ML sensitivity profile is a starting point for the 
strategic use of the available tools. 
Robaina et al. (2023) performed in vitro dose-response 
assays with R. microplus larvae using a modification 
of the immersion techniques called syringe immersion 
test (SIT), working with a diluent based on distilled 
water and 1% acetone (ACT), for IVM, DRM, and 
MOX. The adjusted models showed that MOX was the 
most potent ML (lowest effective dose 50, ED50), while 
DRM had the lowest slope, indicating a lower degree 
of sensitivity to variations in concentrations. 
Diluent selection and preparation is one of the variables 
to consider when aiming to standardize an in vitro study. 
The most commonly used solvent vehicles in both in vivo 
and in vitro models include dimethyl sulfoxide (DMSO), 
ACT, methanol, ethanol, and the detergents Tween-20 
and Tritox X-100 (Castro et  al., 1995; Gonçalves 
et al., 2007; Ravindran et al., 2011). The solvent used 
to dissolve the active ingredient must have little or no 
acaricidal effect. The effect of ethanol on membranes 
and the displacement of cell-bound water has been 
documented (Jones, 1989). Conversely, DMSO readily 
crosses most animal membranes and is easily absorbed 
through the skin (Jacob and Herschler, 1986). 
These differences may be of interest when considering 
the excipients in the formulations and how the active 
ingredients are dissolved. The absorption properties 
at the tick level could represent a barrier that modifies 
the concentrations at the parasite biophase. This 
may ultimately result in a determinant variable for 
establishing efficacy parameters in dose-response 
curves for the active ingredients in a formulation, as 
well as for diagnosing the sensitivity of field strains. 
The present study aims to study the interchangeability 
of two diluents (ACT 1% vs. DMSO 1%) in the 
diagnosis of sensitivity to IVM, DRM, and MOX on R. 
microplus larvae using the SIT technique. 

Materials and Methods
Chemicals 
IVM (Lot 49450511) and DRM (Lot 07492109) were 
donated by Compañia Cibeles S.A. (Uruguay). MOX 
(Lot MX-A2007025) was obtained from Laboratorio 
Pasteur S.A. (Uruguay). All other reagents used in this 
work were from SIGMA Chemical Company. Stock 
solutions were prepared in ACT or DMSO [IVM (2,000 
ppm), DRM (2,000 ppm), and MOX (100 ppm)].
Rhipicephalus microplus larvae 
Mozo strain
In Uruguay, the standard susceptible strain Mozo is 
used by the regulatory authorities. Briefly, adult female 
ticks are conditioned in Petri dishes and incubated with 
controlled temperature and humidity (27°C and 90%). 
After 14 days of incubation, the xenogyns are removed 
and new 25-day incubation period is continued for 
hatching of viable larvae. Larvae with 14–16 days 

old are used on the tests, allowing the comparison of 
different populations of larvae synchronized at the 
same time of development in terms of vitality and 
survival time.
Field strain
Larvae were obtained from engorged ticks from each 
of five different animals, from nine different farms, 
and stored individually to assess for drug sensitivity 
variance among the field strain. Adult ticks, eggs, and 
larvae were managed by applying the same protocols 
as Mozo strain. The farm manager reported reduced 
efficacy when using IVM for R. microplus control.
Syringe immersion test
Syringe assembly and immersion time was performed 
as described by Robaina et al. (2023). Corresponding 
drug dilutions were prepared daily according to the 
methodology published by FAO (2004). Briefly, the 
diluent was used as a control solution, formulated 
from 1% ACT or DMSO in distilled water. After 5 
minutes of immersion, the syringes are removed, dried 
on drying paper, and placed in a flow hood for 1 hour 
prior to incubation for 24 hours. Incubation conditions 
are the same as those established for adult ticks. After 
24 hours, larval mortality was determined by counting 
both live and dead larvae. Larvae that were paralyzed 
or that moved only their appendages, but were unable 
to walk, were considered dead.
Mozo strain
Three dose-response curves were performed by 
triplicate on different days. When using ACT 1%, IVM 
and DRM concentrations ranged from 20 to 0.155 
ppm, and in the case of MOX, the final concentrations 
were between 1 and 0.01 ppm (data report according 
to Robaina et  al., 2023). For DMSO 1%, the dose-
response model for IVM was in the range from 1 to 
0.03 ppm; DRM ranged from 2 to 0.06 ppm and from 
0.4 to 0.012 ppm for MOX.
Pharmacodynamic function for SIT
According to Ritz et al. (2015), the pharmacodynamic 
profile for increasing acaricide concentrations (four-
parameter log-logistic model, equation 1) was 
adjusted using larvae mortality and log-transformed 
concentration data. For both ACT and DMSO, the effect 
(Emax) for each curve was set to 1 (100% mortality), 
being that the maximum possible mortality cannot 
exceed 100%. The estimated values for the lower limit 
of efficacy, slope (indicating the sensitivity of the 
technique), ED50 (as an estimation of the potency), and 
ED95 (as a discriminating dose). 

Equation 1. Four-parameter log-logistic equation 

where “y” is the response variable (alive/dead), “a” is the theoretical 
response at infinite concentration, “b” is the slope factor, “c” is the 
mid-range concentration (inflection point), and “d” is the theoretical 
response at zero concentration.
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Field strain
Field strains (alphabetical order A–I, n = 9) were tested 
as paired samples at the discriminating dose (ED95) 
estimated for IVM, DRM, and MOX for each diluent 
(ACT 1% and DMSO 1%) (Section “Pharmacodynamic 
function for SIT”).
Statistical analysis
The pharmacodynamic parameters were shown in mean 
(estimate), standard error (std. error), and the 95% 
confidence interval using the dose-response models 
fitted for the Mozo strain using R software (R Core 
Team, 2024) and the drc package (Ritz et al., 2015). 
The adjusted model for each diluent was performed 
following the analysis published by Robaina et  al. 
(2023). The ratio for the pharmacodynamic parameters 
(slope, ED50, and ED95) was calculated for each drug 
between both diluents (ACT 1% vs. DMSO 1%). All 
tests were performed with a statistical significance set 
to 95%.
Ethical approval
Not needed for this study.

Results
Dose-response fitting
Table 1 summarizes the dose-response model for R. 
microplus Mozo larvae on each drug (IVM, DRM, 
and MOX) for the diluents used in this study (ACT 
1% and DMSO 1%). CI95 is shown next to each 
pharmacodynamic parameter estimate. 
Diluent comparison for model adjustment
Figure 1 and Table 2 show the model adjusted for each 
drug included in the study as well as the ratio between 
the main pharmacodynamic parameters (slope and 
ED50) when using both DMSO 1% and ACT 1% as 
diluents for the SIT technique, on R. microplus Mozo 
strain larvae. For each diluent on each drug, dose-
response models are summarized, considering the three 
adjusted curves as one. 
Figure 1 and Table 2 indicate the differences between 
the pharmacodynamic parameters when using both 
diluents. When we focus on the slope of the curve, 
the avermectins (IVM and DRM) no longer show a 
significant difference between them (p > 0.05) when 

Fig. 1. Comparison of parameter log-logistic model for R. microplus larvae (Mozo) between ACT 1% and DMSO 1% by IVM, 
DRM, and MOX for SIT. Green line = 95 mortality. Vertical red line = ED95 for DMSO1%. Vertical blue line = ED95 for ACT1%. 

ACT: acetone; DMSO: dimethyl sulfoxide; ED50: effective dose to reach 50% mortality; ED95: effective dose to reach 95% of mortality

Table 1. Dose-response model for R. microplus larvae (Mozo) by IVM, DRM, and MOX for ACT 1% and DMSO 1% for SIT. 

Ivermectin Doramectin Moxidectin
ACT 1% DMSO 1% ACT 1% DMSO 1% ACT 1% DMSO 1%

Parameter Estimate CI95 Estimate CI95 Estimate CI95 Estimate CI95 Estimate CI95 Estimate CI95

Slope 1.38 1.26-
1.50 1.83 1.50-

2.16 1.10 1.00-
1.20 1.77 1.10-

2.43 1.50 1.31-
1.69 3.95 3.11-

4.78

ED50 0.50 0.47-
0.53 0.26 0.24-

0.29 0.54 0.50-
0.59 0.89 0.75-

1.02 0.24 0.22-
0.26 0.12 0.12-

0.13

ED95 1.65 1.48-
1.83 0.65 0.54-

0.75 2.44 2.14-
2.74 2.25 1.64-

2.85 0.73 0.64-
0.82 0.19 0.17-

0.21

ED50: effective dose to reach 50% mortality; ED95: effective dose to reach 95% of mortality; CI95: confidence interval 95.
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changing the diluent from ACT 1% to DMSO 1%; 
these differences are reversed in the slope ratio for 
MOX versus IVM, with a higher sensitivity for MOX 
in DMSO (1.5 in ACT to 3.95 in DMSO, p < 0.05). 
Significant differences occur when comparing DRM 
with MOX in both diluents.
While the pharmacological potency (ED50) does not 
differ for avermectins using ACT 1%, MOX has a 
higher potency than avermectins (ratio >1 and p < 
0.05). However, differences in the pharmacological 
potency between avermectins are identified, where the 
DRM curve shifts to the right (<potency), requiring 
higher concentrations to achieve the same level of 
pharmacological effect. 
Field strain diluent comparison
Figure 2 shows the mortality variation for R. microplus 
field strain larvae when tested by SIT using IVM, DRM, 
and MOX ED95 concentrations, for both ACT1% 
and DMSO 1% adjusted models. ML concentrations 
used were estimated by the adjusted model for each 
diluent on R. microplus Mozo strain larvae. For the 
three MLs, we found an increase in larval mortality 
when using DMSO as opposed to ACT (p < 0.05), 
which we interpret as a differential sensitivity to detect 
larvae with survival capacity at equal levels of lethal 
concentration in both diluents (ED95) for the same ML. 
Visually, the situation is more relevant in the case of 
avermectins. 

Discussion
The use of SIT as a technique to construct dose-response 
curves for R. microplus larvae using MLs offers an 
alternative for the detection of sensitivity loss in cattle 
tick field strains. Robaina et  al. (2023) fitted in vitro 
pharmacodynamic models for IVM, DRM, and MOX 
using ACT 1% as diluent, managing to estimate the main 
pharmacodynamic parameters [slope (sensitivity) and 
ED50 (potency)]. The selection of a suitable solvent for 
bioassays is governed by the solubility of the samples 
(extracts, fractions, or isolated compounds) and by the 
stress imposed on the test organisms by organic solvents 
(Gonçalves et  al., 2007). DMSO is a polar organic 

molecule widely used as a solvent for small molecule 
hydrophobic drugs (Galvao et  al., 2013), with low 
toxicity and a tendency to conduct compounds across 
biological barriers (White et  al., 2004). Our results 
indicate potential changes and variability according 
to the choice of diluent used but show that the MLs 
used in the study behaved differentially in terms of 
pharmacological potency with DMSO. 
A comparison of parameters (Fig. 1) between 
diluents for each drug was performed by calculating 
pharmacodynamic parameters and DMSO 1%/ACT 
1% ratios between MLs and between diluents for each 
drug. The slopes showed significant differences, except 
for DRM. This indicates that the sensitivity for IVM 
and MOX in SIT is modified when using 1% DMSO 
as diluent, where increases in drug concentration 
lead to a rapid increase in mortality of R. microplus 
larvae compared to what is observed for ACT 1%. The 
estimated potency (ED50) in all MLs by the adjusted 
models in both diluents presented statistically different 
behaviors.
Gonçalves et  al. (2007) carried out comparisons of 
different solvents and surfactants on R. microplus adult 
females and larvae. In their trials, they did not test for 
active ingredients, the object of the study being the effect 
of the solvents on different stages of R. microplus. The 
tests carried out with ACT on adult females resulted in 
100% mortality, except that they used 100% ACT and 
did not carry out work with lower concentrations of 
the solvent. The aforementioned authors used DMSO 
1% for immersion of adult females of R. microplus, 
detecting 0% mortality, with oviposition similar to the 
control group (water). The work with larvae was done 
applying the larval immersion test (LIT) technique 
using DMSO 1% and ACT (without indication of 
concentration), finding larval mortalities of 5% and 
1%, respectively, concluding that ACT should not be 
used in tests such as LIT. Our work detected basal 
mortality ranging from 0% to 3% for DMSO 1% and 
from 0% to 11% for ACT 1%. 
Among the techniques for determining the sensitivity 
of R. microplus to ectoparasiticides, we have in vivo 

Table 2. Ratio between the main pharmacodynamic parameters when using IVM, DRM, or MOX for the SIT 
technique in ACT 1% and DMSO 1% on R. microplus Mozo strain larvae. 

  ACT 1% DMSO 1%
Parameter Comparison Estimate Std. Error p.value Estimate Std. Error p.value

Slope
IVM / DRM 1.26 0.08 0.00 1.03 0.22 0.88
IVM / MOX 0.92 0.07 0.27 0.46 0.07 0.00
DRM / MOX 0.73 0.06 0.00 0.45 0.10 0.00

ED50
IVM / DRM 0.92 0.05 0.12 0.30 0.03 0.00
IVM / MOX 2.07 0.11 0.00 2.14 0.14 0.00
DRM / MOX 2.25 0.14 0.00 7.17 0.62 0.00

ED50: effective dose to reach 50% mortality; IVM: ivermectin; DRM: doramectin; MOX: moxidectin.
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tests such as the stable test (Wharton et  al., 1970), 
which is considered a defining methodology. As 
alternatives, there are in vitro techniques, bioassays 
that are performed on both adult parasites and larvae; 
both techniques are validated by FAO (2004) and 
are capable of achieving an indicative diagnosis of 
the resistance profile developed in the field (Cuore, 
2013). Concern about the generation of resistance by 
R. microplus requires us to have tools that are capable 
of early detection of the loss of sensitivity in field 
populations, to facilitate decision-making for each 
situation. The differences that may arise from the use 
of different organic solvents for in vitro assays should 
be evaluated for each acaricide drug, as well as for each 
parasitic species. 
The use of DMSO as a solvent for in vitro tests was also 
studied on cestodes by Ahmad and Nizami (1983), who 
published the effects of DMSO on the metabolism of 
the cestode A. lahorea. DMSO has no metabolic effect 
on the cestode A. lahorea and is considered a suitable 
solvent for in vitro tests on this parasite. Resende et al. 
(2012) tested Amblyomma cajennense and Dermacentor 
nitens larvae treated with 1% DMSO. The mortality 
obtained was less than 4%, revealing its low toxicity 
to the larvae of both parasite species. Similar results 
were reported by White et  al. (2004) working with 
different solvents, including DMSO (1%, 3%, and 5%) 
when using acaricides such as amitraz, propoxur, and 
IVM on Amblyomma americanum larvae. Although the 
in vitro test performed by White et al. (2004) differs 
from the one applied in our trial, the mortality results 
for DMSO at the different concentrations evaluated did 
not exceed 0%. 
The dose-response model fits for MLs in each diluent 
(ACT 1% and DMSO 1%) reveal that MOX is the 

drug with the highest potency (ED50MOX < ED50IVM 
= ED50DRM and ED50MOX < ED50IVM < ED50DRM < 
ED50DRM, for ACT 1% and DMSO 1%, respectively). A 
possible explanation could be that MOX has a higher 
lipophilicity than IVM (logPMOX = 6 and logPIVM 
= 4.8) (Prichard et  al., 2012), which would favor 
penetration of the acaricide upon contact with the 
larvae during immersion, resulting in higher mortality 
at lower concentrations. There are no reports on the 
solubility of MLs in ACT, so we cannot make clear 
comparisons on possible alterations in drug entry into 
larvae. The discriminant dose (ED95) then selected to 
test the efficacy of the drugs on field strains behaved 
the same for both diluents regardless of solvent, where 
ED95MOX < ED95IVM < ED95DRM for both ACT 1% and 
DMSO 1%.
For these parasite populations where resistance is not 
diagnosed, but there are reports of low therapeutic 
efficacy (<95% efficacy), there may be a zone 
of uncertainty around sensitivity for avermectins 
according to the solvent used in SIT. When ACT 1% is 
used as a solvent in the diagnostic test in populations 
where mortality is slightly lower than expected for 
the reference strain (ranging from 80% to 95% field 
strain vs. 95% reference strain), the field strain would 
be detected as “resistant.” A different situation would 
arise when using the diluent based on DMSO 1%, 
where the same field population could be diagnosed 
as “sensitive.” Finally, when dealing with resistant 
populations, the mortality obtained was always lower 
than expected with the sensitive strain (ED95). 

Conclusion
We conclude that the SIT technique is a tool capable 
of detecting susceptibility/resistance to ML in R. 

Fig. 2. Comparison of R. microplus larvae mortality (%) based on two different diluents (ACT 1% and DMSO 1%) using IVM, 
DRM, and MOX by SIT.

IVM: ivermectin; DRM: doramectin; MOX: moxidectin; ACT: acetone; DMSO: dimethyl sulfoxide; SIT: syringe immersion test
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microplus populations regardless of the diluent used. 
Nevertheless. ACT 1% should be considered as the 
recommended diluent when carrying out resistance 
development studies for the sustainable use of MLs on 
R. microplus.
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