
Fluid Balance Over the Oestrus Cycle of the Rat

Pages with reference to book, From 231 To 234 
Muhammad Azhar Khan  ( Department of Physiology and Chemistry, Quaid-e-Azam Medical College, Bahawalpur. ) 

Misbahulain Khan  ( Department of Physiology and Chemistry, Islarnia University, Bahawalpur. ) 

Muhammad Aslam  ( Department of Physiology and Chemistry, Army Medical College, Rawaipindi. ) 

Abstract 

Plasma vasopressin concentrations vary throughout the rat oestrus cycle. In order to determine the

relationship of these fluctuations to fluid retention, studies were carried out in cycling female albino

rats. The animals were housed in individual metabolism cages under 12 hourlight/12 hour dark

regimen, with free access to food and water. Urine samples to determine volume, osmolality and

eiecroiytes concentrations were obtained and food and water intake recorded between 0800-0900 and

1700-1800 hours. Plasma volume, blood volume and haematocrit were determined Food intake was

significantly reduced on pro-oesirul/oestrus compared to dioestrusl and dioestrus II, possibly due to the

influence of the elevated circulating oestradiol levels. Water intake also reduced.during the dark phase

of pro-oestrus leading to significant decrease in urine flow and a rise in urine osmolality. During the

light phase of pro-oestrus, there was a significant increase in urine flow and electrolytes excretion. This

enhanced diuresis appears to be due to reduced plasma vasopressin levels during the afternoon of pro-

oestrus. These results in cycling rats show that vasopressin may play a rolein fluid retention during the

rat oestrus cycle (JPMA 46: 231, 1996).

Introduction 

Fluid retention which occurs in the premenstrual phase and disappears with the onset of menstruation,

has long been recongnized1. Several hormones including prolactin, angiotensin 11, aldesterone,

catecholaxnines and ovarian steroids are known to cause fluid retention. But the precise mechanism

responsible for premenstrual fluid accumulation is still unknown. Another hormone which may play a

role in causing fluid balance changes during ovarian cycle is the antidiuretichormone, arginine

vasopressin (AVP). The major function of AVP is regulation of intravascular volume and tonicity

Increased levels of AVP have been.reported in patients with dysmenorrhoea2. Plasma AVP levels

change during normal menstrual cycle in healthy women, the highest levels being at the time of

ovulation3. Changes in AVP levels may thus play a role in premenstrual oedema and dysmenorrhoea2.

Plasma vasopressin levels vary throughout the rat oestruns cycle4. These variations in vasopressin

levels may result from changes in ciitulating levels of ovarian steroids. It has been reported that rat

ovariectomy causes a fall in plasma vasopressin levels which can be reversed by daily oestrogen

therapy5. Butcheret al6 reported that oestradiol levels begin to riseiate on.dioestrus I and achieve peak

during afternoon of pro-oestnis. It then remains low during the days of ocstrus and early dioestrus.

Premenstrual tension is the commonest of the minor endocrine disorders. A large number of women

suffer from a variety of symptoms. Water retention may be one of the causes of intermenstrual and

premenstrual or early menstrual migraine. Anti-diuretic hormone arginine vasopressin (AVP) may be

involved in this fluid retention. The present study in rats was undertaken to study the relation between

fluid retention throughout the 4 days oestrus cycle and vasopressin release.

Materials and Methods 



Albino rats were housed in individual metabolic cages under 12 hour light! 12 hour dark regimen, with

free access to food and water. Urine samples to determine volume, osmolality and electrolytes

concentrations were collected and food and water intake recorded at between 0300-0900 and 17001800

hours. Plasma volume, blood volume and haematocriit were also determined. Rats vagina was smeared

by 1 5-2 ml of warm tap water followed by collection of vaginal sample The stage of cycle was

identified by studying the pattern of cells seen under microscope. Dioestrus I and II were characterised

by the presence of a large number of small rounded celk (leukocytes). The pro-oestrus was identified

by the presence of clumps of relatively large epithelial cells, whereas the ocstrus stage showed a

characteristic pattern of cornified cells with sharp edges. The osmolality of urine was determined by

depression freezing point osmometer using an advanced digimatic osmometer. Urinary sodium and

potassium concentration in the urine were determined by a flame photometer while urinary chloride

concentration was measured by chloride meter.

On the last day of experiment, all the rats were anaesthetised and the vessels cannulated. 40 microliter

of Evensblue was injected into the jugular vein. animal was decapicitated after five minutes of injection

and bled into heparinized tubes. The tubes were placed in ice bath. The haernatocrit was determined

immediately. The tubes were centrifuged for 15 minutes at 40 and plasma withdrawn. Plasma and blood

volume were determined in ml/100 g.b.w.

Results 

Food intake was significantly reduced durring the dark phase of pro-oestrus/oestrus compared to

dioestrus I (P<0.02) and dioestrus H (P<0.05) (Table 1).

During the dark phase, water intake decreased from a mean value of 9.4±0.4 on dioestrus Ito 8.7±0.4

ml!100 g.b.w. on pro-oestnis (Table II).



Urine flow was significantly reduced during the dark phase of pro-oestrus as compared to dioestrus I

(P<0.0l), dioestrus II (P The change in urine output (Table II) paralleled that of

vasopressinconcentrations



(Figure)whichwere higherduring the light phase than the dark phase except on the day of pro-aestrus.

During the light phase of prn-oestms there was a significant increase in urine flow (P<0.05) (Table II).

This enhanced diuresis appears to be due to reduced plasma vasopressin levels during the afternoon of

pro-oestrus; on the day of pro-oestrus plasma vasopressin concentrations were high in the

morningbetween 9.00-10.00 h (1.53±0.51. mu/ml) and low in the afternoon between 1800-1900 h

(0.87±0.11 mu/ml)/ Increased levels of progesterone may be involved in ‘this suppression of

vasopressin as elevation of progesterone occurrred between noon and mid-night of pro-oestrus when

plasma vasopressin has fallen. Water retention was much higher during the dark phase than during the

light phase (Table III).



Water retention increased from a value of 5.7±0.2 on dioestrus 1110 6.3±0.3 ml/100 g.b.w. on pro-

oestrus. Although this difference is not statistically significant, it may be related to the fall in urine

output observed during the datk phase of pro-oestrus. During the light phase there was a significant

reduction in water retention on pro-oestrus as compared to dioestrus I (P<0.02) which paralleled on

increase in urine out-flow. Dark phase sodium intake at pro- oestrus was less than at dioestrus I

(P<0.01) and dioestrus II (P<0.01) (Table IV).

The fall in sodium ingestion at pro-oestrus was reflected in a significant decrease in sodium excretion

at dark phase of pro-oestrus (P<0.0O1). Sodium excretion showed a tendency to rise at light phase of

pro-oestrus. Sodium retention waS higher during the dark phase of the day than during the light phase.

Dark phase potassium intake at pro-oestrus was less than at dioestrus I (P<0.05) (Table V).



Potassium excretion showed an increase at light phase of pro-ocstrus. This is accompanied by

significant increase in urine flow at light phase of pro-oestrus. Potassium excretion showed similar

trend as sodium excretion. Dark phase potassium balance (Table V) showed no statistically significant

cyclical change in potassium retention. However, light phase values demonstrate a significant decrease

in the retention of potassium at pro-oestrus when compared to diocstrus I (P<0.001) and dioestrusH (P



showed the trendsimilarto sodium and potassium intakes. Light phase values of urinaiy chloride output

showed no statistical difference throughout the cycle whereas dark phase values followed the same

pattern of changes as observed in sodium and potassium outputs. Urinary chloride excretion showed a

significant reduction on thc dark phase of pro-oestrus when compared to those of dioestrus I (P<0.001),

dioestrus II (P<0.02) and oestrus (P<0.001). Plasma volume and blood volume increased during the

pro-oestrus phase of the cycle while the hacrnatocrit decreased as compared to the other stages of the

cycle in the cvclinc rats. The data indicate water retention during pro-oestrus compared to the other

days of the cycle in the cycling female rats.



Discussion 

It has been suggested that changes in the levels of endogenous ovarian hormones may influence water

and food intake7. In the cycling female rats, plasma oestradioi concentration peaks early on the day of

pro-oestrus and then fall rapidly in the afternoon of pro-oestrus, It remains low during the days of

oestrus and early dioestrus6. Food intake was significantly reduced at pro- ocstrus/ocstrus as compared

to dioestrus I and dioestrus IT (P<0.02). It is possible that the suppression of food and water intakes

observed on the day of pro-oestrus may be due to an inhibitory effect exerted by the elevated

circulating oestradiol concentrations seen at that time of the cycle. This explanation is in agreement

with our observation that oestradiol treatment reduces food and water intake in ovariectomized rats8.

Water intake was reduced during dark phase of pro-oestrus leading to significant decrease in urine (P

(P<0.001). The urine flow correlated with plasma vasopressin concentrations. The low urine flow seen

during the light phase of the days, except the day of pro-oestnis, was associated with an increased

plasma vasopressin levels and increase in urine osmolality. High urine flow observed during the light

phase of

pro-oestrus was associated with reduced vas resm and low urine osmolalitv. This enhanced diuresis

resulted significant reduction in waler retention at that time of cycle. Similar changes were observed in

sodium, potassium and chloride balance. The fall in unnarv electrolytes exercise seen during the dark

phase of pro-oestrus was accompanied by fall in urine flow and an increase in water and electrolyte tes

retention. Plasma and blood volume increased while the haem tocrit decreased during the dark phase of

pro-oestrus The study indicates water retention during the pro-oestrus compared to the other days of the

cycle. These changes correlate with circulating plasma vasopressin levels in the cycling rats during this

stage of the cycle.

Anti diuretic hormone, vasopressin may play a role in fluid retention during the 4 days ocstrus cycle in

the rat The precise cellular mechanism how oestrugen affects the release and secretionofvasopressin is

not known. However, it may be concluded that the underlying cause of fluid retention in tie cycling rats

during the pro-oestrus may be the ocstradioldependent elevation of vasopressin levels.
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