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Estrous Cycle Staging 

The Rodent Estrous Cycle 

Rats and mice are spontaneous ovulators – i.e. they do 

not need the presence of males to induce ovulation.  

There is some evidence the stimulation from male 

rodents can induce and or/hasten ovulation, but it is not 

obligatory.  Rats are mice typically have a 4-6 day cycle 

which consists of 4 stages – estrus, proestrus, diestrus I 

(a.k.a metestrus) and diestrus II. 

Terminology 
You will notice that there are 2 spellings for each of the 

terms for the cycle stages – one ending in “us” and one 

ending in “ous”.  The “us” form (as for other similar English vocabulary) is a noun.  The “ous” form 

is an adjective. 

Estrus can refer to a stage of the cycle or to the behavioral manifestation of behavioral receptivity 

(also known as “heat”).  With rodents, the most highly receptive time is actually proestrus, 

although many females will still mate the following day, when they are in estrus 

Difference between rats and mice 
Mice are not just little rats.  With regards to the regulation of hormonal cycles and reproduction, 

this is especially true. In general mice are more olfactory than rats.  Mice are also typically more 

sensitive to introduction of new males (see article regarding the Whitten Effect, Bruce Effect etc) 

Differences from Human Menstrual Cycle 
One of the main differences between the rodent and the human cycle, other that the overall time 

it takes for a full cycle, is that the peaks of estrogens and progesterone are typically separated in 

humans, whereas these overlap in rodents.  Rodents are also more to estrous cycle disruption 

sensitive from light zeitgebers than are humans. 



 

A simple method for determining estrus cycle stage is known as a vaginal lavage or vaginal 

smear. The 4 stages can be distinguished by noting characteristic cell types that are visible 

during each stage, in addition differences in cell density. A small amount of a physiological saline 

solution is inserted into a rats vagina with a disposable pipette, removed, placed on a slide and 

examined under a microscope.  

Approximately 200-500 microliters of saline are used for vaginal lavage in rats and 50 – 200 

microliters for mice.  Animals are either held by the 

tail in the home cage or picked up and held in a 

similar manner to what one would use for i.p 

injections. 

 

Criteria for Stage Determination 

The fluctuation in hormone levels during the cycle results in changes in the number and types of 

cells present in the vagina.  This is mostly due to the cyclical hypertrophy and subsequent 

sloughing of the uterine epithelium and also the concomitant invasion of white blood cells that 

scavenge the dead and dying cells.  If you recall the process holistically, you are likely to make 

better decisions about stages based on inconclusive cell types. 

Cell density is not usually an accurate way to determine stage in isolation, however it is true that 

estrus and proestrus are typified by a very high cell density.   



Protestrus is defined by the presence of nucleated epithelial cells that are round.  However, 

sometimes these cornify rapidly, especially in mice.  If you are having trouble distinguishing 

between P and E, you should probably consider any slide in which nucleated cell predominate to 

be P, even if these cells are not the smooth round shape you are expecting. Estrus is 

characterized by non-nucleated, cornified epithelial cells. Metestrus (or Diestrus I) typically has a 

low cell number, often with a lot of cell debris. Diestrus II contains mostly lymphocytes. 

 

 



 



 

The appearance the of external genitalia can also help to establish the stage of the cycle. 

 

Vaginal Impedance 

Vaginal impedance measurements are also useful, though mainly to distinguish proestrus from 

estrus.  Monitors are available from Fine Science Tools. 

Estrous Cycle –Dependent Phenomena 

Below is an abridged version of some phenomena that are estrous cycle dependent. 



Learning 
[Berry, 1997 #211][Diaz-Veliz, 1989 #184][Mora, 1996 #302][Roberts, 1998 #178]  

Other Hormones 
[Atkinson, 1997 #312][Audrain, 1978 #341][Carey, 1995 #217][Guo, 1995 #351] 

Pain Threshold 
This study examined sex and estrous differences in vocalization thresholds of rats to hindpaw 

and tail pressure stimulation tested daily throughout at least 3 weeks. Thresholds of female rats in 

proestrus and estrus were lower than those of rats in metestrus and diestrus for both tail and 

hindpaw stimulation 

Anxiety 
[Fernandez-Guasti, 1992 #236] [Bitran, 1991 #235][Nomikos, 1988 #120][Bitran, 1996 

#231][Mora, 1996 #302] 

Acoustic Startle and PPI 
[Farr, 1995 #231] [Koch, 1998 #1164] 

Other Behavior 
[Sell, 2000 #217]  

Sensitivity to Neurosteroid 
[Finn, 1993 #21][Finn, 1994 #22] 

BDZ Insensitivity to Anxiolysis 
[Carey, 1992 #244][Fernandez-Guasti, 1990 #300][Nomikos, 1988 #120]  

BDZ Binding 
[Martin, 1995 #131]  

GABAAR Subunits 
[Clark, 1998 #296] 

Neuronal Activity / Neuronal Excitation / LTP / LTD 
afternoon of proestrus= greatest degree of LTP 

Seizure Susceptibility During Estrous Cycle 
[Finn, 1994 #22] [Wahnschaffe, 1992 #148][Wilson, 1992 #118] [Frye, 1998 #489][Edwards, 1999 

#198][Frye, 1998  #352] 

NT Release 
[Belmar, 1998 #350] 



Synapse Number and Morphology 
[Crispino, 1999 #134][Prevot, 2000 #205] [Woolley, 1990 #270][Frankfurt, 1990 #274] [Gould, 

1990 #271]  

GABAB R 
[al-Dahan, 1994 #124][al-Dahan, 1996 #282] 


