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What is Oral Gavage? 
Oral gavage is used regularly in biomedical research to administer drugs, compounds, and 
pathogens orally to laboratory animals by passing a rigid or flexible tube through the animal's 
mouth and esophagus into the stomach. Due to their small size, mice and rats are particularly 
susceptible to injury by inexpert execution of oral gavage techniques. Oral gavage can cause 
discomfort and distress to mice and rats, and if performed incorrectly, may injure or perforate the 
esophagus or lungs or cause inflammation or aspiration. The stress from the oral gavage 
procedure can also elevate the animal's cortisol levels and thus threaten the validity of study 
results.1  

Alternatives to Oral Gavage 
There are several non-invasive or less invasive methods of oral dosing, or feeding an oral 
compound to mice and rats, including masking the substance in palatable food or liquid or 
allowing the animal to voluntarily consume it in liquid form from a syringe. Scientists can also 
adopt refinements to make oral gavage less stressful to animals, such as using flexible (rather 
than rigid) gavage needles or training rodents to cooperate with the procedure. 

Bibliography 
We have included citations on alternative methods of oral dosing mice and rats. The 
bibliography covers articles published from 2000 to 2025. 

The following databases were searched: 

• PubMed 

 
1Gonzales, C., Zaleska, M. M., Riddell, D. R., Atchison, K. P., Robshaw, A., Zhou, H., & Sukoff Rizzo, S. J. (2014). 
Alternative method of oral administration by peanut butter pellet formulation results in target engagement of 
BACE1 and attenuation of gavage-induced stress responses in mice. Pharmacology, biochemistry, and 
behavior, 126, 28–35. https://doi.org/10.1016/j.pbb.2014.08.010. See also Atcha, Z., Rourke, C., Neo, A. H. P., 
Goh, C. W. H., Lim, J. S. K., Aw, C.-C., Browne, E. R., & Pemberton, D. J. (2010). Alternative method of oral 
dosing for rats. Journal of the American Association for Laboratory Animal Science, 49(3), 335–343. See also 
Diogo, L. N., Faustino, I. V., Afonso, R. A., Pereira, S. A., Monteiro, E. C., & Santos, A. I. (2015). Voluntary oral 
administration of losartan in rats. Journal of the American Association for Laboratory Animal Science, 54(5), 549–
556. 
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• Embase 

• Web of Science (All databases: Web of Science Core Collection and Biological 
Abstracts, BIOSIS Science Citation Index, Current Contents Concept, KCI-Korean 
Journal Database, Russian Science Citation Index, SciELO Citation Index, and 
Zoological Record) 

• EBSCO (Agricola, CAB Abstracts, eBook Collection (EBSCOhost), Environment 
Complete, Global Health, Zoological Record, Biological Abstracts) 

• Scopus 

The citations are arranged in alphabetical order by the last name of the first author. The search 
strategies that we used in these searches are provided following the citations.  

We have also included a section called Web Resources which includes links to websites and 
other bibliographies on alternative methods of oral dosing.  

Finding Abstracts and Full-Text of Articles 
We have omitted abstracts due to publisher copyright considerations. However, you can locate 
abstracts easily by clicking on the DOI (digital object identifier) in the citation. The DOI is a 
permanent identifier that links to the journal article's page on the journal's website.  

There are multiple ways of locating full-text of articles and books in the bibliography. You can 
check the National Agricultural Library’s (NAL) online catalog, SEARCH, to see which books 
and periodicals the library has in its holdings. Other articles are open access and may be 
downloaded for free. If you are not a USDA employee, check with your local or institutional 
library to see whether your library subscribes to these periodicals or can order them on 
interlibrary loan. 

Information on how to request materials that are included in the National Agricultural Library 
(NAL)’s collections can be found on the Request Library Materials page.  

Related Content: Alternatives to Oral Gavage Search Hedge 
AWIC has also published an “Alternatives to Oral Gavage in Mice and Rats” hedge document 
which is posted in the Search Hedges section of AWIC’s literature searching webpage. A search 
hedge is a prepared search string that can be pasted into a database search interface to find 
citations on a particular topic or population. We have formatted versions of the “Alternatives to 
Oral Gavage in Mice and Rats” search hedge for PubMed, Web of Science, Embase, EBSCO and 
Scopus. These hedges retrieve literature on alternative methods of oral dosing in rodents (rats 
and mice). Users can conduct their own searches using the hedges or set up search alerts in 
bibliographic databases (see AWIC’s resources on “Setting up Search Alerts”). 
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Web Resources 
1. Training for oral dosing using palatable solutions, 3Hs Initiative, https://www.3hs-

initiative.co.uk/the-3hs/handling#training-for-oral-dosing-using-palatable-
solutions%E2%80%8B  
(Rats can be habituated to palatable solutions in pairs or groups but will quickly start to 
compete to access the syringe with the dominant animal(s) limiting access for others in 
the cage. After initial habituation, rats are best trained and dosed individually either in a 
cage or held in the hand.) 

2. Oral dosing mice and rats, 3Hs Initiative, https://3hs-website.cdn.prismic.io/3hs-
website/65d081819be9a5b998b5f569_20240217_OralDosing.pdf  

3. Oral gavage in the rat, Research Animal Training, NC3Rs, 
https://researchanimaltraining.com/articles/oral-gavage-in-the-rat/ 
(Shows best practice for oral gavage and also discusses alternative methods of 
administration of substances, including mixing with syrups or allowing animal to drink 
from syringe). 

4. Oral gavage in the mouse, Research Animal Training, NC3Rs, 
https://researchanimaltraining.com/articles/oral-gavage-in-the-mouse/ 

Search Strategies 
 

PubMed 

1. (("2004/01/01"[Date - Publication] : "3000"[Date - Publication])) AND ((Mice[majr] OR 
Rats[majr] OR Rodentia[majr] OR "mus musculus"[ti] OR "m musculus"[ti] OR 
mouse[ti] OR mice[ti] OR murine[ti] OR rat[ti] OR rats[ti] OR rattus[ti] OR "rattus 
norvegicus"[ti] OR "r norvegicus"[ti] OR "rodent"[ti] OR "rodents"[ti]) AND 
(voluntary[tiab] OR "self administration"[tiab] OR Self Administration[mh] OR 
"voluntary ingestion"[tiab:~3] OR "voluntary ingest"[tiab:~3] OR "voluntary 
ingests"[tiab:~3] OR "voluntarily ingest"[tiab:~3] OR "voluntarily ingests"[tiab:~3] OR 
"voluntarily ingested"[tiab:~3] OR "voluntary dosing"[tiab:~4] OR "voluntary 
oral"[tiab:~4] OR "oral dosing"[tiab] OR "voluntary consumption"[tiab:~3] OR "oral 
infection"[tiab] OR "syringe feeding"[tiab] OR Drinking Water[mh] OR Drug Delivery 
Systems[mh] OR Food, Formulated[mh] OR Pharmaceutical 
Preparations/methods[MeSH]) AND (Animal use alternatives[mh] OR Animal 
Welfare[mh] OR 3rs[tiab] OR "three rs"[tiab] OR welfare[tiab] OR "well being"[tiab] OR 
wellbeing[tiab] OR gavag*[tiab] OR mortality[tiab] OR morbidit*[tiab] OR "adverse 
effects"[tiab] OR "acute stress"[tiab] OR anxious[tiab] OR "less invasive"[tiab] OR 
welfare[tiab] OR "less aversive"[tiab] OR "non aversive"[tiab] OR nonaversive[tiab] OR 
"less aversive"[tiab] OR "less stressful"[tiab] OR "less stressful alternative"[tiab] OR 
"minimally invasive"[tiab] OR painful[tiab] OR pain[tiab] OR distress[tiab] OR "low 
stress"[tiab] OR "non invasive"[tiab] OR noninvasive[tiab] OR palatable[tiab] OR 
"stress-free"[tiab]) AND (Gelatin/administration and dosage[MeSH] OR Drinking 
Water[mh] OR "drinking water"[tiab] OR lixit[tiab] OR "water bottle"[tiab] OR 

https://www.3hs-initiative.co.uk/the-3hs/handling#training-for-oral-dosing-using-palatable-solutions%E2%80%8B
https://www.3hs-initiative.co.uk/the-3hs/handling#training-for-oral-dosing-using-palatable-solutions%E2%80%8B
https://www.3hs-initiative.co.uk/the-3hs/handling#training-for-oral-dosing-using-palatable-solutions%E2%80%8B
https://3hs-website.cdn.prismic.io/3hs-website/65d081819be9a5b998b5f569_20240217_OralDosing.pdf
https://3hs-website.cdn.prismic.io/3hs-website/65d081819be9a5b998b5f569_20240217_OralDosing.pdf
https://researchanimaltraining.com/articles/oral-gavage-in-the-rat/
https://researchanimaltraining.com/articles/oral-gavage-in-the-rat/
https://researchanimaltraining.com/articles/oral-gavage-in-the-mouse/
https://researchanimaltraining.com/articles/oral-gavage-in-the-mouse/


AWIC Bibliography on Alternatives to Oral Gavage in Mice and Rats 17 
 

bread[tiab] OR cookie*[tiab] OR micropipette[tiab] OR microcapsul*[tiab] OR 
gelatin[tiab] OR jelly[tiab] OR jam[tiab] OR dough[tiab] OR paste[tiab] OR wafer*[tiab] 
OR "peanut butter"[tiab] OR Nutella[tiab] OR "chocolate milk"[tiab] OR "condensed 
milk"[tiab] OR juice[tiab] OR jello[tiab] OR syrup[tiab] OR paste[tiab] OR 
mealworm*[tiab] OR palatable[tiab] OR refinement[tiab] OR "tablet formulation"[tiab] 
OR "gel delivery system"[tiab] OR "drinking water"[tiab] OR palatable[tiab] OR 
treat*[tiab] OR liquid*[tiab] OR suspension[tiab] OR sweet[tiab] OR flavored[tiab] OR 
flavoured[tiab]) NOT (Binge-Eating Disorder[mh] OR Craving[mh] OR Food 
Addiction[mh] OR Bulimia[mh] OR Alcoholism[mh] OR Behavior, Addictive[mh] OR 
Addiction Medicine[mh] OR Cocaine[mh] OR addiction[tiab] OR addictive[tiab])) 

2. (((mice[MeSH Terms]) OR (mice[Title/Abstract] OR mouse[Title/Abstract] OR 
mus[Title/Abstract] OR "mus musculus"[Title/Abstract] OR murine[Title/Abstract])) 
AND ((animal identification systems[MeSH Terms]) OR ("animal identification 
system*"[Title] OR "ear tag*"[Title] OR "toe clip*"[Title] OR "ear clip*"[Title] OR "ear 
punch*"[Title] OR tattoo*[Title] OR "ear notch*"[Title] OR marking[Title] OR 
microchip*[Title] OR "ear-tag*"[Title] OR "radio frequency identification*"[Title] OR 
RFID[Title] OR "animal identification"[Title]))) AND ((animal use alternatives[MeSH 
Terms]) OR (welfare[Title/Abstract] OR "well-being"[Title/Abstract] OR 
3rs[Title/Abstract] OR "three rs"[Title/Abstract] OR alternative*[Title/Abstract] OR 
anxiety[Title/Abstract] OR distress[Title/Abstract] OR refinement[Title/Abstract] OR 
"non aversive"[Title/Abstract] OR "non-aversive"[Title/Abstract] OR "less 
invasive"[Title/Abstract] OR "minimally invasive"[Title/Abstract] OR "non-
invasive"[Title/Abstract] OR "stress-free"[Title/Abstract] OR painless[Title/Abstract] OR 
"less aversive"[Title/Abstract] OR "low stress"[Title/Abstract] OR 
humane[Title/Abstract] OR "best method*"[Title/Abstract])) AND (2000:2022[pdat]) 

3. (procedure*[Text Word] OR inject*[Text Word] OR gavage[Text Word] OR 
venipuncture[Text Word] OR blood*[Text Word] OR training[Text Word]) AND 
((Animal technicians[MeSH Terms]) AND (education[MeSH Subheading])) Filters: from 
2007 – 2022 

Scopus 

1. TITLE-ABS((gavage W/5 (alternative* OR refinement*)) OR ((voluntary OR 
voluntarily) W/3 (ingest* OR oral* OR intake OR method* OR technique* OR 
administration OR administer* OR dose OR dosing)) OR {syringe feeding} OR {oral 
infection}) AND TITLE-ABS({adverse effect} OR {adverse effects} OR {animal 
welfare} OR anxiety OR anxious OR humane OR {less invasive} OR {less aversive} OR 
{less stressful} OR alternative* OR {minimally invasive} OR {minimally-invasive} OR 
{non invasive} OR {non-invasive} OR noninvasive OR {reduce stress} OR {stress-free} 
OR {non aversive} OR {non-aversive} OR {less aversive} OR {less stressful} OR 
voluntary OR 3rs OR {Three Rs} OR {animal use alternatives}) AND TITLE-ABS(bread 
OR {bread feeding} OR dough OR gelatin OR gel OR jelly OR cookie OR wafer* OR 
pellet* OR {peanut butter} OR Nutella OR {chocolate milk} OR {condensed milk} OR 
juice OR jello OR syrup OR paste OR jam OR mealworm* OR micropipette OR 
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refinement* OR {tablet formulation} OR {gel delivery system} OR {Medicated Dosing 
System} OR {medicated diet} OR {alternative dosing method} OR {Bio Serv} OR 
bioserv OR microcapsul* OR flavored OR flavoured OR {drinking water} OR palatable 
OR palatability OR treat OR treats OR liquid) AND TITLE(mice OR rat OR rats OR 
rodent* OR murine OR {Mus musculus} OR {M musculus} OR rattus OR {Rattus 
norvegicus} OR {R norvegicus})Limit to 2004 to 2024 

2. TITLE-ABS-KEY((Mice OR Rat OR Rats OR Rodentia OR Rodent* OR murine OR 
"Mus musculus" OR "M musculus" OR Rattus OR "Rattus norvegicus" OR "R 
norvegicus") W/5 ("oral administration" OR "oral drug administration" OR "oral 
challenge" OR "oral challenge" OR "oral challenge method" OR "oral infection method" 
OR "orally challenged" OR "oral gavage" OR gavage OR "Micropipette-guided drug 
administration" OR "Micropipette guided drug administration" OR micropipette OR 
ingestion OR "oral inoculation" OR "oral vaccine" OR "oral compound administration" 
OR "compound administration by mouth" OR "oral drug administration")) AND TITLE-
ABS-KEY(("adverse effect*" OR "acute stress" OR "animal welfare" OR anxiety OR 
humane OR "less invasive" OR "less aversive" OR "less stressful" OR "less stressful 
alternative" OR "minimally invasive" OR "minimally-invasive" OR "non invasive" OR 
"non-invasive" OR noninvasive OR palatable OR "reduce stress" OR "voluntary intake" 
OR "voluntary ingestion" OR "voluntary oral ingestion") W/10 (bread OR "bread 
feeding" OR dough OR gelatin OR paste OR jelly OR cookie OR micropipette OR 
palatable OR refinement OR "syringe feeding" OR "tablet formulation" OR "Medicated 
Dosing System" OR "medicated diet" OR "alternative dosing method" OR "Bio Serv" 
OR Bioserv OR flavored OR flavoured OR 3Rs OR "Three Rs" OR "animal use 
alternatives")) 

3. TITLE-ABS((Mice OR Rat OR Rats OR Rodentia OR Rodent* OR murine OR "Mus 
musculus" OR "M musculus" OR Rattus OR "Rattus norvegicus" OR "R norvegicus") 
W/5 ("oral gavage" OR gavage)) AND TITLE-ABS-KEY(education OR training OR 
"animal technician*" OR technique*) 

4. TITLE-ABS((training OR technique OR education OR experienced OR technician OR 
skill*) W/5 ("oral gavage" OR gavage)) 

5. TITLE-ABS((train* OR student* OR technician OR skill*) W/3 ("oral gavage 
technique*" OR "oral gavage procedure*" OR "oral gavage")) 
 

Web of Science 

1. ((((TS=((Gavage NEAR/5 (alternative* OR refinement)) OR ((voluntary OR voluntarily) 
NEAR/3 (ingest* OR oral* OR intake OR method* OR technique* OR administration 
OR administer* OR dose OR dosing)) OR "syringe feeding" OR "oral infection")) AND 
TS=("adverse effect*" OR "animal welfare" OR anxiety OR anxious OR humane OR 
"less invasive" OR "less aversive" OR "non invasive" OR noninvasive OR "reduce 
stress" OR "stress-free" OR "non aversive" OR "less aversive" OR "less stressful" OR 
voluntary OR 3Rs OR "Three Rs" OR "animal use alternatives")) AND TI=(mice OR rat 
OR rats OR rodent* OR murine OR "Mus musculus" OR "M musculus" OR rattus OR 
"Rattus norvegicus" OR "R norvegicus")) AND TS=(bread OR "bread feeding" OR 
dough OR gelatin OR gel OR jelly OR cookie OR wafer* OR pellet* OR "peanut butter" 
OR Nutella OR "chocolate milk" OR "condensed milk" OR juice OR jello OR syrup OR 
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paste OR jam OR mealworm* OR micropipette OR refinement* OR "tablet formulation" 
OR "Medicated Dosing System" OR "medicated diet" OR "alternative dosing method" 
OR "Bio Serv" OR bioserv OR microcapsul* OR flavo$red OR "drinking water" OR 
palatable OR palatability OR treat OR treats OR liquid)) NOT TS=(voluntary-alcohol-
intake OR voluntary-alcohol-ingestion OR voluntary-ethanol) 1-1-2004 to 12-31-2024, 
all databases 

2. (TI=((Mice OR Rat OR Rats OR Rodentia OR Rodent* OR murine OR “Mus musculus” 
OR “M musculus” OR Rattus OR “Rattus norvegicus” OR “R norvegicus”) AND (“oral 
administration” OR “oral drug administration” OR “oral challenge” OR “oral challenge” 
OR “oral challenge method*” OR “oral infection method*” OR “orally challenged” OR 
“oral gavage” OR gavage OR “Micropipette-guided drug administration” OR 
micropipette OR ingestion OR “oral inoculation” OR “oral vaccine” OR “oral compound 
administration” OR “compound administration by mouth” OR “oral drug 
administration”))) AND TS=((“adverse effect*” OR “acute stress” OR “animal welfare” 
OR anxiety OR humane OR “less invasive” OR “less aversive” OR “less stressful” OR 
“less stressful alternative” OR “minimally invasive” OR “non invasive” OR noninvasive 
OR palatable OR “reduce stress” OR “voluntary intake” OR “voluntary ingestion” OR 
“voluntary oral ingestion”) AND (bread OR “bread feeding” OR dough OR gelatin OR 
jelly OR cookie OR micropipette OR palatable OR refinement OR “syringe feeding” OR 
“tablet formulation” OR “Medicated Dosing System” OR “medicated diet*” OR 
“alternative dosing method*” OR “Bio Serv” OR Bioserv OR flavored OR flavoured OR 
3Rs OR “Three Rs” OR “animal use alternatives”)) 

3. "oral gavage" NEAR/5 (train* OR teach* OR instruct* OR technique* OR course* OR 
class* OR education OR technician OR "best practice*" OR protocol* OR method*) 

4. TS=(("oral gavage" NEAR/5 (train* OR teach* OR instruct* OR technique* OR course* 
OR class* OR education OR technician OR "best practice*" OR protocol* OR method*) 
AND (mice OR mouse OR mus OR murine OR rat OR rats OR rattus OR "R norvegicus" 
OR rodent*))) 

 

Embase 

'oral drug administration'/de AND (gavage OR 'oral gavage' OR 'voluntary ingestion' OR 'oral 
drug administration' OR 'voluntary oral administration' OR 'syringe feeding' OR 'alternative oral 
dosing' OR 'voluntary intake' OR 'oral dosing method' OR 'alternative oral administration' OR 
'oral treatment*' OR 'Micropipette' OR 'oral infection' OR 'ingest voluntarily' OR 'ingests 
voluntarily' OR 'ingested voluntarily'):ti,ab,kw AND ('adverse event' OR 'adverse effect*' OR 
'animal welfare' OR 'anxiety' OR anxious OR humane OR 'less invasive' OR 'less aversive' OR 
'less stressful' OR alternative* OR 'non invasive procedure' OR non$invasive OR 'reduce stress' 
OR voluntary):ti,ab,kw AND ('Rat' OR rats OR rattus OR 'R norvegicus' OR 'rodent' OR rodent* 
OR 'mouse' OR mice OR murine OR mus OR 'Mus musculus' OR 'M musculus'):ti,ab,kw AND 
('bread' OR 'bread feeding' OR 'dough' OR 'gelatin' OR gel OR jelly OR jellies OR jam OR 
cookie OR wafer* OR 'drug pellet' OR pellet* OR 'peanut butter' OR Nutella OR mealworm* 
OR 'chocolate milk' OR 'condensed milk' OR juice OR jello OR 'syrup' OR 'paste' OR 
'micropipette' OR 'animal testing refinement' OR 'tablet formulation' OR 'gel delivery system' OR 
'Medicated Dosing System' OR 'medicated diet' OR 'alternative dosing method' OR BioServ OR 
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flavo$red OR microcapsul* OR 3rs OR 'Three Rs' OR 'animal use alternatives'):ti,ab,kw AND 
[2004-2024]/py 

27 results, saved 13 

EBSCO Searching: CAB Abstracts, Agricola, Biological Abstracts, eBook Collection 
(EBSCOhost), Global Health, Zoological Record 

TX ( ((Gavage N5 (alternative* OR refinement)) OR ((voluntary OR voluntarily) N3(ingest* OR 
oral* OR intake OR method* OR technique* OR administration OR administer* OR dose OR 
dosing)) OR "syringe feeding" OR "oral infection") ) AND TX ( "adverse effect*" OR "animal 
welfare" OR anxiety OR anxious OR humane OR "less invasive" OR "less aversive" OR "non 
invasive" OR noninvasive OR "reduce stress" OR "stress-free" OR "non aversive" OR "less 
aversive" OR "less stressful" OR voluntary OR 3Rs OR "Three Rs" OR "animal use alternatives" 
) AND TI ( mice OR rat OR rats OR rodent* OR murine OR "Mus musculus" OR "M musculus" 
OR rattus OR "Rattus norvegicus" OR "R norvegicus" ) AND TX ( bread OR "bread feeding" 
OR dough OR gelatin OR gel OR jelly OR cookie OR wafer* OR pellet* OR "peanut butter" OR 
Nutella OR "chocolate milk" OR "condensed milk" OR juice OR jello OR syrup OR paste OR 
jam OR mealworm* OR micropipette OR refinement* OR "tablet formulation" OR "Medicated 
Dosing System" OR "medicated diet" OR "alternative dosing method" OR "Bio Serv" OR 
bioserv OR microcapsul* OR flavo#red OR "drinking water" OR palatable OR palatability OR 
treat OR treats OR liquid ) 

Limiters - Publication Date: 20040101-20241231 

Expanders - Apply equivalent subjects 

Search modes - Terms searched within 5 words 

99 results, saved 36 

Other: 

1. Some citations on laboratory animal technician training hand-picked from the following 
volume of conference abstracts: Abstracts of Scientific Papers 2017 AALAS National 
Meeting. Journal of the American Association for Laboratory Animal Science, Volume 
56, Number 5, September 2017, pp. 574-694(121).  

2. Searched Laboratory Animal Science Professional website for "gavage" 
3. Searched JAALAS access page for "oral gavage" AND train* 

 

https://www.ingentaconnect.com/content/aalas/jaalas
https://www.aalas.org/main/las-pro
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