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Oral administration, whether by gavage or voluntary inges-
tion, is a common method for providing a single daily dose of 
drug to animal models. Gavage is widely performed for precise 
oral dosing in rodents, particularly in efficacy, toxicity, and drug 
discovery studies. This technique, applicable in unanesthetized 
animals, is a rapid and efficient mean of accurately delivering 
fixed doses of the drug to be tested.30 However, gavage com-
prises a sequence of procedures that are potentially stressful for 
laboratory animals. The removal of an animal from its cage, its 
manual restraint, and the insertion of a flexible or rigid dosing 
cannula into the esophagus with direction to the stomach all 
cause high levels of stress, even in trained animals.2,5 In addition, 
the use of gavage is associated with welfare issues when it is 
done by inexperienced people or in long-term studies.13 Indeed, 
gastroesophageal aspiration and pulmonary injury represent 
recurrent complications of gavage dosing of rodents that can 
be triggered by technical errors.8 Moreover, the use of gavage 
for various drugs and vehicles can elicit a significant stress 
response in a vehicle- and dose-volume–dependent fashion.5

When testing antihypertensive drugs, a noninvasive and 
stress-free method for drug delivery is crucial, because any 
source of external stress on rodents can significantly increase 
heart rate and blood pressure3-5,18 and therefore potentially 
confound the experimental results.

Several alternatives to gavage, which require less human 
involvement, have been tested in recent years. The administra-
tion of a drug mixed with an attractive vehicle by voluntary 
ingestion seems to be an effective, noninvasive method.12,15 In 
previous attempts to refine the gavage procedure, nut paste 
has been successfully used for analgesic drug delivery1,12,15,17 

and is a promising option for estrogen administration.14 Other 
alternatives involve the use of pill dosing method,32 flavored 
gelatin (‘jello’) preparations,10 sugar cookie dough,7 honey,19 
and syringe-feeding.2

In our study, we used nut paste (NUT), peanut butter (PB), 
and sugar paste (SUG) as drug vehicles due to their palatabil-
ity, consistency, and previously reported results. We aimed to 
investigate the suitability of these vehicles for voluntary oral 
administration and, as an alternative method to gavage, for 
the chronic administration of losartan to laboratory rats. We 
hypothesized that low amounts of these vehicles, even when ad-
ministered to rats over a long period of time, would not induce 
relevant changes in blood glucose or lipid profiles and would 
efficiently deliver the tested drug, as assessed by losartan serum 
concentrations. Accordingly, we further hypothesized that the 
serum concentrations of the drug delivered by voluntary inges-
tion would be at least as high as that obtained by using gavage.

Materials and Methods
Animals. These experiments were performed in 41 male Wistar 

rats (Rattus norvegicus L.; age, 2 to 3 mo; body weight [mean ± 1 
SD], 283 ± 5 g) obtained from the NOVA Medical School (Lisbon 
Portugal) animal facility. This inhouse colony was established by 
using rats acquired from Charles River Laboratories (Portage, 
Michigan). Rats were housed individually in polycarbonate 
cages with wire lids (Tecniplast, Buguggiate, Varese, Italy), 
under 12:12-h light:dark cycles (08:00 am to 08:00 pm), at a 
room temperature 22 ± 2.0 °C and relative humidity 60% ± 10%. 
Rats were maintained on standard laboratory diet (RM1, SDS 
Diets, Essex, United Kingdom) and reverse-osmosis–purified 
water, given free choice. Corncob bedding (Probiológica, Lisbon, 
Portugal) was used and changed once a week. Rats were SPF 
according to FELASA recommendations.21

Applicable institutional and governmental regulations con-
cerning ethical use of animals were followed, according to the 
NIH Principles of Laboratory Animal Care (NIH publication no. 
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85-23, revised 1985),22 the European Guidelines for the Protection 
of Animals Used for Scientific Purposes (European Union Directive 
2010/63/EU),29 and Portuguese Decree-Law  number 113/2013.9 
Experimental procedures were previously approved (protocol 
no. 21/2013/CEFCM) by the Institutional Ethics Committee of 
the NOVA Medical School for animal care and use in research.

Experimental protocol. We tested 3 vehicles for long-term (14 
d) oral administration of losartan, an antihypertensive drug 
(angiotensin II type 1 receptor antagonist). In light of their 
consistency, palatability, and use in previous reports,1,7,12,14-16 
we selected nut paste (NUT; Nutella , Ferrero Ibérica, Llobregat, 
Spain), peanut butter (PB; Skippy , Unilever, London, United 
Kingdom), and sugar paste (SUG; SweetArt, Entertraining, Lis-
bon, Portugal) for the current study. NUT ingredients include 
sugar, vegetable oil, hazelnuts (13%), skim milk powder (8.7%), 
fat-reduced cocoa powder (7.4%), soy lecithin (emulsifier), and 
vanillin (flavoring). The caloric content of NUT is 21.75 kJ/g; 
protein content is 7.1%; fat content 30.3%; and sugar content is 
54.7%. PB is composed of roasted peanuts, sugar, hydrogenated 
vegetable oils, and salt. The caloric content is 26.10 kJ/g; protein 
content is 22.2%; fat content is 49.4%; and carbohydrate content 
is 23.8%. The ingredients of SUG are sugar, cornstarch, glucose, 
vegetable fat, vegetable gums, stabilizer E420, preservatives 
E202, and dyes E102 and E131. The caloric content of SUG is 
16.50 kJ/g; protein content is 3.5%; fat content is 6.6%; and 
carbohydrate content is 86.6%.

After weaning, rats were randomized into 6 groups (n = 6 
rats each): NUT only (0.5 g) for 28 d; PB only (0.5 g) for 28 d; 
SUG only (0.5 g) for 28 d; NUT with 10 mg/kg losartan daily 
for 14 d; PB with 10 mg/kg losartan daily for 14 d; and SUG 
with 10 mg/kg losartan daily 14 d. The control group of 5 rats 
received 10 mg/kg losartan by oral gavage daily for 14 d. All 
groups that received NUT, PB, or SUG were acclimated for 2 
d, during which they were fed 0.5 g of the respective vehicle 
once daily to minimize neophobia1 and prevent incomplete 
ingestion incidents. Drug or vehicle deliveries were considered 
incomplete when any vehicle was found in either the culture 
dish used to present the vehicle, on the side of the cage, or in 
bedding beyond 1 h after presentation.

In the first set of experiments, the vehicles were administered 
without drug for 28 d to determine whether rats would voluntar-
ily ingest them throughout this prolonged time period and to 
test the vehicles’ effects on the blood glucose level and serum 
lipid profile. In the second set of experiments, the vehicles were 
weighed, mixed with the respective amount of drug (losartan 
10 mg/kg, Cinfa, Pamplona, Navarra, Spain), and offered to 
the animals in 92 × 16 mm polystyrene culture dishes (Sarstedt, 
Numbrecht, Germany). The culture dishes were placed verti-
cally and were attached to the inner cage wall by using adhesive 
tape (Figure 1). The vehicles, alone or mixed with the drug, were 
given to the animals at approximately the same time each day 
(11:00 to 12:00 am). The administration schedule, the ingestion 
profile (1, complete; 2, incomplete), and the time between vehicle 
or vehicle–drug presentation and consumption (1, within 5 min; 
2, between 5 min and 1 h; 3 more than 1 h) were recorded. The 
control rats underwent a 7-d handling acclimation period. Each 
day, the same person handled each rat for 2 min and accustomed 
it to the gavage position, in a procedure room located outside 
the animal holding room. Handling and gavage training were 
performed on the same schedule (11:00 am to 12:00 am) as for 
voluntary administration. Gavage was performed by using a 
stainless steel curved gavage-feeding needle with a round tip 
(16-gauge; tip diameter, 3 mm; length, 75 mm; Fine Science Tools, 
North Vancouver, British Columbia, Canada).

Rats were weighed at baseline and then once weekly through-
out the entire study. The amounts of losartan were adjusted 
weekly to ensure a daily dose of 10 mg/kg. Losartan was 
prepared daily, immediately before administration by gavage 
or in vehicle. For gavage, losartan was dissolved in reverse-os-
mosis–purified water (2 mL). When losartan was administered 
in one of the test vehicles, the required amount of drug for each 
rat was mixed with 0.5 g of the respective vehicle. During the 
vehicle-only experiments, water intake was measured weekly, 
and the blood glucose level and serum lipid profile were as-
sessed at baseline and then at 2 to 3 h after administration, on 
day 14, and on day 28.

At the end of the experiments, rats were anesthetized at 2 to 
3 h after drug delivery by intraperitoneal injection with me-
detomidine (0.5 mg/kg; Domitor, Pfizer Animal Health, New 
York, NY) and ketamine (75 mg/kg body weight; Imalgene 
1000, Merial, Lyon, France), and cardiocentesis was performed 
to collect blood for further drug quantification. The rats were 
then euthanized by an intracardiac overdose of sodium pento-
barbital followed by cervical dislocation.

Blood sampling. Tail-vein sampling. For the vehicle-only ex-
periments, blood samples were collected from the tail vein of 
conscious rats at baseline, day 14, and day 28. Rats were placed 
in a conventional plastic restrainer (model 554-BSRR, Plas-Labs, 
Lansing, MI) at a room temperature 24 to 27 °C. A scalpel blade 
was used to make an incision in the lateral tail vein. Approxi-
mately 100 μL of blood was collected from each rat by using a 
capillary tube (Hirschmann Laborgerate, Eberstadt, Germany), 
transferred to microfuge tubes, and kept on ice. This procedure 
also was used to collect 2 drops of blood for glucose quantifica-
tion. After collection, bleeding was stopped by compression for 
a few seconds, and the area was cleaned with povidone–iodine. 
Serum samples were centrifuged in a microfuge at 2000 × g (4 
°C) for 10 min, immediately decanted, and stored at −80 °C until 
analysis. According to prior recommendations, the restrainer 
was washed and dried after each use to prevent pheromonally 
induced stress.23

Cardiocentesis. For the lorsartan-dosing experiments, blood 
collection was performed without thoracotomy by using a 
20-gauge needle and a 10-mL syringe. For plasma sampling, 
approximately 3 mL of blood was collected into an EDTA-con-
taining vacuum phlebotomy tube, kept on ice, and immediately 
centrifuged at 2000 × g (4 °C) for 10 min. Plasma samples were 
decanted prior to storage at −80 °C until analysis.

Measurement of blood glucose level and serum lipid profile. 
Blood glucose level (in mg/dL) was determined by using a 
digital glucometer (Precision Xceed, Abbott Diabetes Care, 
Oxon, United Kingdom). The serum levels of triglycerides, total 
cholesterol, HDL-cholesterol, and LDL-cholesterol were deter-
mined spectrophotometrically (Rx Daytona Analyser, Randox 
Laboratories, Crumlin, United Kingdom) by using enzymatic 
colorimetric assay kits (Randox Laboratories).

HPLC analysis. Losartan plasma concentrations were de-
termined by HPLC according to a minor modification of a 
previously described method.34 Briefly, losartan was dissolved 
in methanol yielding a stock solution of 1 mg/mL. Calibra-
tion samples were prepared by adding known amounts of the 
diluted stock solution to rat plasma and covered a range of 1 
to 10 μg/mL. Subsequently, calibration samples (200 μL) were 
extracted with 3 mL of ethyl acetate. After centrifugation (2000 
× g, 4 °C, 10 min), the organic phase was evaporated to dry-
ness at 60 °C in a vacuum concentrator (Speed-Vac, Labconco, 
Kansas City, MO). The resulting residue was reconstituted 
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Figure 1. Three vehicles for voluntary ingestion of losartan: (A) nut paste; (B) peanut butter, and (C) sugar paste. To prepare the drug for volun-
tary ingestion by rats, (1) weighed losartan powder was placed on top of the vehicle. (2) The vehicle–drug mixture was shaped into a ball ready 
for delivery. (3) Rats ingested the vehicle–drug mixture from a polystyrene culture dish that was placed vertically in the cage.

in 150 μL of mobile phase, and 100 μL was injected into the 
HPLC column.

HPLC was accomplished by using a solvent-delivery pump 
(model LC 9-A, Schimadzu, Kyoto, Japan), autosampler (model 
7725i, Schimadzu), UV–VIS spectrophotometric detector (model 
SPD-6 AV, Schimadzu), column (250 × 4 mm; particle size, 5 μm; 
LiChrospher 100 RP-18; Merck, NJ) protected by a guard-column 
(4 × 4 mm; particle size, 5 μm; LiChrospher 100 RP-18e; Merck, 
Kenilworth, NJ), and a column oven (model CTO-10AS VP, 
Schimadzu). Data acquisition and processing were performed 
by using Shimadzu Class VP 7.X software. The mobile phase 
consisted of solution A (methanol: acetonitrile: sodium dihy-
drogen phosphate monohydrate buffer; 10 mM, pH 3, 50:10:40 
v/v/v) and solution B (methanol). All HPLC solvents were 
purchased from VWR International (Carnaxide, Portugal). Prior 
analysis, both solutions were degassed for 15 min by sonication. 

The elution program consisted of an isocratic flow of solution 
A for 9.5 min, followed by a linear gradient of A:B (20:80 v/v, 
2.5 min), an isocratic step of A:B (20:80, 4 min), and finally a 
return to the initial conditions in 2 min. The analytical run was 
performed with at a mobile phase flow rate of 0.8 mL/min,  
25 °C, and detection wavelength of 230 nm. Analytical standards 
of losartan for HPLC analysis were purchased from Sigma– 
Aldrich (Sintra, Portugal).

Statistics. All data are represented as mean ± SEM. One-way 
ANOVA with the Bonferroni multiple-comparison test or Tukey 
multiple-comparison test was used, whenever appropriate, to 
evaluate the vehicles’ effects on glycemia and the lipid profile. 
A 2-way repeated-measures ANOVA with a posthoc compari-
son test was used to compare the effects of the vehicle effect 
on mean body weight and water intake throughout the 28-d 
experiment. Comparison of losartan plasma concentrations 

jaalas14000163.indd   551 9/16/2015   2:13:33 PM



552

Vol 54, No 5
Journal of the American Association for Laboratory Animal Science
September 2015

The glycemic profile remained unchanged in the PB and SUG 
groups (Figure 2 B and C).

Regarding the lipid profile, serum levels of total cholesterol 
gradually increased in both the NUT (P < 0.05; baseline com-
pared with 28 d) and PB (P < 0.05; baseline compared with 
28 d) groups (Figure 3 A and B) but remained constant in the 
SUG group (Figure 3 C). However, the mean total cholesterol 
level did not differ between the 3 groups at either the 14-d or 
28-d time point (Figure 3 D). Serum triglyceride concentra-
tions did not differ throughout the 28-d study in either the 
NUT (Figure 4 A) or SUG (Figure 4 C) groups but increased 
significantly (P < 0.05; baseline compared with 28 d; P < 0.01 
14 d compared with 28 d) in the PB group (Figure 4 B). Serum 
triglyceride values did not differ among the 3 groups at either 
the 14-d or 28-d time point (Figure 4 D). Compared with base-
line values, HDL-cholesterol concentrations were decreased at 
day 14 for both the SUG (P < 0.01) and PB (P < 0.001) group. 
These values progressively increased and, at the end of the 
experiment, were similar to those observed at baseline; in ad-
dition, concentrations in the NUT group remained constant 
throughout the study. HDL-cholesterol values did not differ 
among vehicles at the 3 time points (Figure 3 E). Finally, no 
significant changes in LDL-cholesterol values were observed 
for either the NUT, PB or SUG groups throughout the experi-
mental period (Figure 3 F).

Losartan plasma concentrations. After 14 d of losartan daily 
administration by gavage the mean plasma concentration was 
0.9 ± 0.09 μg/mL. A slight but nonsignificant decrease of the 

was performed by using one-way ANOVA with the Dunnett 
multiple-comparison posthoc test, with the gavage value serv-
ing as the control. Statistical analysis was performed by using 
Prism (version 5.01, GraphPad Software, San Diego, CA). The 
threshold for statistical significance was set at a P value of less 
than 0.05.

Results
Vehicles and vehicles-drug mix ingestion. During the 2-d ac-

climation period, losartan-free NUT, PB, and SUG were made 
available in the cages (Figure 1). By day 2 of acclimation, all 
rats took less than 1 h (and most less than 5 min) to voluntarily 
ingest all of the vehicle presented. After acclimation, no incom-
plete drug ingestion incidents were observed, and ingestion of 
the vehicle-drug mixture was immediate (less than 5 min) for 
all rats.

Physiologic data, blood glucose levels, and lipid profile. None 
of the vehicles significantly affected mean body weight or water 
intake throughout the 28 d of experiments. Vehicle ingestion 
did not induce any deviation in the weight variation observed 
in animals of this age in this population. The average weight 
gain was 90 g among the 18 animals in these experiments, and 
the daily water intake was 14.8 mL on average during the 28 d. 

In contrast to the PB and SUG groups, the NUT rats had a 
significant (P < 0.05) decrease in the mean blood glucose level 
during the 28-d experiment (Figure 2 A). Specifically, at the 28-d 
time point, the mean glycemia of NUT group was lower than 
that of the PB (P < 0.05) and SUG (P < 0.01) groups (Figure 2 D). 

Figure 2. Blood glucose values (mg/dL) in the serum of Wistar rats fed 0.5 g of (A) nut paste, (B) peanut butter, or (C) sugar paste. (D) Compari-
son of the effects of the 3 vehicles on glycemia at the 14- and 28-d time points. Data are expressed as mean ± SEM; n = 6 for all groups. *, P < 0.05; 
†, P < 0.01 according to one-way ANOVA with the Bonferroni multiple-comparison test. #, P < 0.05 (nut paste compared with sugar paste); +, P 
< 0.01 (nut paste compared with peanut butter) according to one-way ANOVA with the Tukey multiple-comparison test.

jaalas14000163.indd   552 9/16/2015   2:13:34 PM



553

Voluntary ingestion of losartan in rats

orogastric administration (gavage). Voluntary ingestion proved 
to be an effective method for a controlled daily dose administra-
tion, according to a define timetable, that was independent of 
handling and restraint procedures. Moreover, as does gavage, 
this approach mimics the single-dose administration method 
widely used in human clinical practice.

We used individually housed, adult male Wistar rats to avoid 
postulated effects of estrogen on blood lipids.11 Although some 
scientists recommend that rats should ideally be housed in 
groups to decrease the stress levels,25 we single-housed all of 
our rats to ensure correct dosage and to confirm the complete 
ingestion of drug-containing vehicle or vehicle only. In terms of 

plasma concentration of losartan was observed in the PB group 
(0.7 ± 0.09 μg/mL). However, when losartan was given along 
with NUT, its plasma concentration tended to be higher than 
that in the gavage group (1.3 ± 0.15 μg/mL), although this  
difference did not reach statistical significance. When SUG 
vehicle was used, a significantly higher losartan plasma con-
centration was achieved (1.7 ± 0.14 μg/mL; P < 0.01 compared 
with gavage). These results are presented in Figure 5.

Discussion
We tested NUT, PB, and SUG as vehicles for chronic losartan 

administration to rats to avoid the potential stress induced by 

Figure 3. Total cholesterol concentrations (mg/dL) in the serum of Wistar rats fed 0.5 g of (A) nut paste, (B) peanut butter, or (C) sugar paste. *, P 
< 0.05; †, P < 0.01 according to one-way ANOVA with the Bonferroni multiple-comparison test. Comparison of the effects of the 3 vehicles on (D) 
total cholesterol, (E) HDL-cholesterol, and (F) LDL-cholesterol levels at 14- and 28-d time points by one-way ANOVA with the Tukey multiple-
comparison test. Data are expressed as mean ± SEM (n = 6 for all groups).
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mg tablet is 32.6%.26 Dose administration with meals slows 
the rate of absorption and reduces the area under the plasma 
concentration–time curve of losartan and its metabolite by 
approximately 10%.27 Food can have a significant effect on 
drug absorption through several mechanisms, including delay 
in gastric emptying, increases in splanchnic blood flow, and 
changes in gastrointestinal secretions. These effects can alter 

palatability, NUT, PB, and SUG were attractive to the rats, given 
that they ingested the products completely and almost immedi-
ately. Furthermore, the consistency of these vehicles facilitates 
the weighing and the mixing of powder, thereby ensuring the 
accuracy of the drug dose. The amount of vehicle given to the 
animals (0.5 g) was sufficient to hold the weighed amount 
of drug but was not so large to cause noteworthy metabolic 
changes. Offering the mixture in a culture dish placed verti-
cally inside the cage proved to be an effective means to ensure 
complete ingestion. As previously reported, placing NUT in a 
container on the floor of the cage is not recommended, given 
that neophobic rats tend to bury the novel item and thus mix 
the vehicle with the bedding material.1

Although some authors have recommended a period of as 
long as 5 d for acclimating to mice the vehicles,14 in our study, 
2 d was sufficient to ensure that no neophobic behavior oc-
curred. To minimize the stress levels associated with handling 
and restrained, a 1-wk period of acclimation was defined in 
the gavage group.

Oral gavage has recently been refined from using metal gav-
age needle to a sterile flexible feeding tube which reduce the 
risk of trauma, perforation and cross contamination.20 However, 
the stress related to orogastric administration is not overcome 
by this approach.

Losartan is the first orally available angiotensin receptor an-
tagonist without agonist properties.26 After oral administration, 
losartan is rapidly absorbed, reaching maximal concentrations 
1 to 2 h postadministration.26 This drug is freely soluble in 
water, and the reported bioavailability of losartan with a 50 

Figure 4. Mean triglyceride concentrations (mg/dL) in the serum of Wistar rats fed 0.5 g of (A) nut paste, (B) peanut butter, or (C) sugar paste.*, 
P < 0.05; †, P < 0.01 according to one-way ANOVA with the Bonferroni multiple-comparison test. Comparison of the effects of the 3 vehicles on 
triglyceride levels at the 14- and 28-d time points. Data are expressed as mean ± SEM (n = 6 for all groups).

Figure 5. Plasma concentrations of losartan (μg/mL) in rats from 
blood collected by cardiocentesis after 14 d of daily ingestion by gav-
age (GAV; n = 5), nut paste (NUT; n = 6), peanut butter (PB; n = 6), or 
sugar paste (SUG; n = 6). Data are expressed as mean ± SEM. †, P < 
0.01 compared with gavage according to one-way ANOVA with the 
Dunnett multiple-comparison test.
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tablet disintegration, drug dissolution, and drug transit through 
the gastrointestinal tract. Given these effects, we decided to offer 
the vehicle–drug mixtures during the first few hours of the light 
phase to ensure that drug ingestion took place during a period 
with decreased food intake typically. The amount of vehicle 
used did not interfere with losartan bioavailability. In addition, 
only maximal concentrations were measured in the present 
study. Losartan has an extensive first-pass effect, with an oral 
bioavailability of 32%, indicating that transcellular intestinal 
absorption (P-glycoprotein) and biotransformation (CYP3A4) 
affect its bioavailability and lead to drug–nutrient interactions.26

The site for blood sampling can strongly influence several 
routinely tested parameters, including glucose, total cholesterol, 
triglycerides, and HDL-cholesterol, and highlights the need to 
standardize sampling sites, especially when repeated blood 
sampling is required.6 To avoid this experimental bias, we 
collected blood from the tail vein only on 3 different days for 
measurement of the blood glucose level and serum lipid profile. 
Accordingly, no differences were observed among groups of rats 
when basal levels (that is, prior to gavage or vehicle administra-
tion) were compared. Moreover, previous studies indicate no 
significant age-related changes in glycemia24 or lipid profiles31 
are present during the time period of our study. Therefore, any 
changes observed in these parameters are due to the vehicles’ 
composition and not are age-related.

Analysis of the results suggested that NUT, PB and SUG are 
possible alternatives to gavage for chronic administration of lo-
sartan, given that their ingestion was not associated with weight 
gain or increased water ingestion and that all were consumed 
completely by the rats. However, after taking into account the 
glycemic and lipid profiles, SUG proved to be the most suitable 
vehicle for the administration of this antihypertensive drug for 
2 main reasons. First, the mean plasma concentration of losartan 
was significantly higher than that achieved after gavage. Second, 
SUG did not induce any significant change in either glycemia 
or the lipid profile during the 28-d study. In contrast, the use 
of PB seems to be the least appropriate due to the associated 
changes in the rats’ lipid profile and the 22% reduction in the 
plasma concentration of losartan when compared with that 
achieved after gavage. Even though NUT decreased glucose 
and increased total cholesterol, the losartan plasma concentra-
tion in this group was 29% higher than that after gavage. These 
results suggest that SUG facilitates losartan absorption, leading 
to increased bioavailability.

In our opinion, the higher losartan concentrations attained in 
the SUG group, compared with gavage, might be explained by 
3 different mechanisms: delayed absorption, increased absorp-
tion, or decreased biotransformation. In fact, the high content of 
sugar might increase the rate or extent of drug absorption given 
that sucrose fatty acid esters improve the intestinal absorption 
of poorly absorbable drugs via transcellular and paracellular 
pathways.33 In addition, a high carbohydrate content may de-
crease CYP450 activity, particularly when high doses of drug 
are administered.28

Substances that have an unpleasant odor or flavor could 
discourage voluntary ingestion and thus compromise the suc-
cess of this method. Therefore, we suggest that pilot studies 
are warranted to ensure that all rats successfully ingest the 
drug–vehicle mixture.

The results presented in this report support that the use of 
voluntary oral administration is a viable alternative for chronic 
administration of a fixed dose of losartan. In fact, our results 
suggest that SUG is better suited than is gavage for oral daily 
administration of losartan. Furthermore, these data provide 

evidence that SUG is an optimal vehicle for losartan administra-
tion in rats and overcomes several shortcomings associated with 
gavage. SUG did not reduce the bioavailability of losartan, sug-
gesting that this approach is an effective oral dosing method for 
the chronic administration of this drug to rats. This refinement 
might be useful in the safety evaluation of drugs, particularly 
for those that show stress-associated toxic effects.
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