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INTRODUCTION

 Ovarian  follicles hav e multiple  roles in

successful reproduction of dairy cattle.  From several

months b efore puberty  in heifers to aged co ws,

follicles grow  continuo usly in suc cessive w aves. 

Pituitary and ovarian hormones regulate follicular

growth .  Most follic les that initiate gro wth deg enerate

and die b y a proc ess of atresia.  F ew follicles a ctually

experien ce grow th that proc eeds to ov ulation. 

Follicles that ovulate, avoid atresia by achieving

dominan ce.  Domin ant follicles have the grea test

function and largest size of all other follicles in the

same growth group or cohort.  These dominant

follicles also suppress growth and function of other

follicles in the sa me coh ort and u ltimately ca use their

atresia.   Function of follicles, measured by estradiol

secretion, is critical to growth, survival and ovulation

opportunity of follicles.  All follicles contain an

oocyte th at remain s dorm ant until the f ollicle is

comm itted irreversib ly to ovu lation.  So, if a fo llicle

survives to ovulate, there is no current evidence that

the welfare of the oocyte is affected by the hormonal

or metabolic circumstances before ovulation.

At least 80 percent of dairy cows experience

negative energy balance (NEB) in early lacta tion. 

The m agnitud e and du ration of N EB is high ly

variable among cows.  Negative energy balance

extends the interval from calving to first ovulation,

increases the number of medium but decreases the

number of large follicles, and reduces function of

corpora lutea (CL).  Thus, en ergy ba lance affe cts

follicular growth and function.  However, there is no

evidence that energy balance affects fertilizability of

oocytes.

Compared to positive energy balance, the

metabolic and hormonal status of cows is altered

substantially during NEB.  Among the differences

due to NEB, luteinizing hormone (LH)  is a likely

mediator of the  effects of NEB  on follicles.

To resolve the adverse effects of NEB on

follicles, the m ajor challen ges are:  

   1) understand regulation of follicles

independent of energy balance,

   2) identify the factors that m ediate the adverse

effects of NEB on follicles, and 

   3) minimize the magnitude and duration of

NEB  withou t limiting yie ld of milk  in early

lactation.

WHY ARE FOLLICLES IMPORTANT?

Ovarian follicles have multiple but critical

roles in successful reproduction.  In non-pregnant

cows fo llicles are the m ajor sourc e of estradio l,

which is imperative for the physical and behavioral

signs of estru s.  Thus, fu nction of  follicles is

necessary  for detectio n of estrus a nd the o pportun ity

for insemination.  In addition, growth and function of

follicles capable of ovulation determines the interval

from calving to ovulation.  After ovulation, the

recently o vulated fo llicle differen tiates to form  a CL. 

Subseq uent dev elopm ent and fu nction of  the CL is

affected positively by the size and function of the

follicle that ovulated, which becomes the parent

tissue to the CL.  If the ovulatory follicle has

limitations, th ese limit the C L (Villa-G odoy e t al.,

1988) and presumably reduce fertility by increasing

embryonic death.  Ano ther reason follicles are

important is that follicles control their resident

oocyte.  T he curre nt mod el explainin g oocy te

maturation is that oocytes remain dormant until the

associated  follicle com mits irreve rsibly to ov ulation. 

Based on available evidence, oocytes are protected or

shielded fr om the  horm onal and  metabo lic

environment in and around the follicle.  Except for

aging of females, factors that might affect fertility of

oocytes or survival of subsequent embryos have not

been examined rigorously.  Whether hormones or

metabo lites that chara cterize NE B have  direct effec ts

on oocytes is not known.
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Success of reproduction depends on

multiple variables.  It is impossible to establish any

single varia ble as critical o r most lim iting.  But, it

should be clear that growth and function of ovarian

follicles has major influence on reproductive

performan ce of postpartum  cows.

REGULATION OF FOLLICLES

At birth a heifer has at least 100,000 ovarian

follicles.  All of th ese follicles are  very sim ple with

an oocy te surroun ded by  a few gra nulosal ce lls. 

These primordial follicles are in a maintenance

existence and do not grow, secrete little or no

horm ones, and  do not re quire ho rmon es for surv ival. 

Several months before puberty cohorts of 10 to 15

primordial follicles start growth.  This process of

growth initiation is called recruitment.  Its regulation

is not und erstood.  A mong  those follicles  recruited, 

one follicle becom es bigger after a few  days,

suppresses growth of the other mem bers of the cohort

and achieves dominance.  The subordinate follicles

experien ce atresia an d die.  If the d omina nt follicle is

not exp osed to a p re-ovula tory surg e of LH , it will

experience atresia.  In the absence of the suppressive

effects of a dominant follicle, another cohort of

follicles exp eriences ac celerated g rowth a nd a sing le

follicle achieves dominance.  This pattern of

follicular growth and demise is described as waves

(Sunde rlund et al., 1 994).  D uring an  estrous cy cle

cows will have two or three follicular waves and the

last wave w ill end with o vulation. 

Waves of follicular growth are regulated by

LH and follicle stimulating hormone (FSH).   An

increase in  FSH d uring atre sia of a dom inant follicle

is believed to accelerate growth of follicles in the

next cohort (Sunderlund et al., 1994).  After follicles

develop  theca they  becom e respon sive to LH .  

Continued growth and increased function depends on

frequent pulsatile secretion of LH with continued

stimulation by FSH.  Concurrent with effects of LH

and FSH, estradiol is important to increase the

number of granulosal cells and to sustain physical

growth.   Estradiol is a key measure of function and

affects growth and health of a follicle.  Dominant

follicles are largest, have the m ost granulosal cells,

and produce the most estradiol.  That dominant

follicles suppress growth and cause atresia of

subordinant follicles is established.  Numerous

intrafollicular peptides are under investigation but the 

mechanism of this atretogenic effect of dominant

follicles is not u nderstoo d (Sund erlund et a l, 1996).  

Waves of follicular growth occur

continuously from before puberty, during estrous

cycles, and throughout gestation and the postpartum

period.  Mo st of these waves en d with atresia becau se

the dominant follicle does not experience an

ovulatory stimulus.  A few dominant follicles

ovulate.  Cows that have short anovulatory periods

postpartum start waves early after calving and have

frequen t pulses of L H.     

REGULATION OF OOCYTES

Each diploid cell in a bovine embryo has 60

chromosomes.  To achieve this number, the

spermatozoa and oocyte that joined at fertilization

must eac h have h alf of that nu mber.  T his is haploid . 

Oocytes are diploid until immediately before

ovulation.  In fact, the nucleus of oocytes does not

comp lete the redu ction divisio n so long  as the follicle

avoids ovulation or atresia.  Thus in healthy follicles

the nucleus of oocytes is viewed as arrested or

quiescent.  But, there is some transcription and

translation to sustain maintenance, metabolism and

accumulation of ooplasm.

In healthy follicles, the current model for

regulation of oocyte maturation is that the reduction

division o f meiosis is b locked b y follicular p roducts

so oocy tes stay diplo id.  Further more, d uring this

period o f nuclear q uiescenc e, metab olic activity in

the ooplasm is minimal.  In follicles that never

ovulate or do not experience atresia, these oocytes

are quiesc ent and th e nuclei are  arrested fo r years. 

This potent regulatory influence of a follicle on the

resident oo cyte app ears to be q uite resistant to

influence  from o utside the fo llicle.  In contra st to

some previous suggestions (Hoard ’s Staff, 1994),

there is no e vidence  that deve lopme nt or post-

ovulatory fertility of oocytes is affected by the

horm ones or m etabolites tha t characteriz e cows in

early lactation.

ENERGY BALANCE ON FOLLICLES

The most compelling observation that

energy balance affects ovarian follicles is that

duration of postpartum anovulation is correlated

positively with the magnitude of NEB (Canfield and



33

Butler, 1991; Beam, 1996; Zurek, 1995).  Delayed

ovulation after calving is caused in part by delayed

resumption of pulsatile secretion of LH.  It is not

known if a metabolite or hormone unique to NEB has

direct adverse effects on  ovarian follicles.

Among the metabolites and hormones that

establish the milieu of NEB (Zurek et el., 1995) and

suckling (Stevenson, 1997), few have been tested

rigorously for direct effects on growth or function of

ovarian follicles.  Many possible mediators of energy

balance on ovarian follicles have not been examined

or at least no t reported  (Short et al., 1 990; Be ll,

1995) . 

Concentrations of growth hormone (GH) in

blood are increased by NEB and exogenous GH

augments NEB transiently.  These observations have

led to several investigations of the effects of

exoge nous G H on o varian m orpho logy an d functio n. 

Compared to cows injected with saline; exogenous

GH increased the number of medium size follicles

and decreased the number of large follicles (Lucy et

al., 1992).  Although significant, these effects of

exoge nous G H on in ventory  of follicles are  probab ly

not a direct endocrine action of GH.  To date, no

receptor f or GH  has been  detected in  granulo sal cells. 

So, the m echanism  by wh ich exog enous G H affects

inventory of follicles is not clear.  The overall effect

is that GH reduces the functional significance of a

domin ant follicle.  

It is well established that NEB  will decrease

pulsatile secre tion of LH  (Schillo, 19 92). 

Independent of the mechanism for decreased

secretion of LH, the effect is decreased follicular

growth and reduced opportunity for ovulation

because no preovulatory surge of LH occurs.  If the

effects of GH on follicles are not direct and not

mediated by other messengers like insulin like

growth factor-I (IGF-I) , the effects of GH on

follicles may be due to augmented NEB and

subsequent decreased secretion of LH.

 

SUMMARY

Growth and development of ovarian

follicles occurs continuously throughout the

reprodu ctive life of d airy cattle.  In fa ct,

folliculoge nesis is so con sistent that there  is virtually

always a  follicle presen t that is capab le of ovu lation. 

A ma jor limiting f actor for o vulation is a dequa te

secretion o f LH.  Bu t, just becaus e a follicle is

capable of ovulation does not mean that reproduction

will be successful after ovulation.  Follicles that grow

during N EB are le ss likely to ach ieve dom inance. 

With NEB there may be: less hormonal stimulation

for estrus, increased incidence of multiple ovulation

and(or) reduced function of CL formed by smaller

ovulated follicles.  There is no single hormone that

has effects o n follicles that a re predo minan t to effects

of other hormones.  But, the fact that NEB reduces

pulsatile, mean, and peak secretion of LH is the

strongest explanation available for altered follicular

dynamics and delayed ovulation postpartum.

IMPLICATIONS   

Among cows in NEB, there are no obvious

or biolog ically reaso nable ho rmon al therapies  to

conve rt follicular dy namics  to those ob served in

cows at o r above  energy  balance.  T he best av ailable

approach is to manage prepartum nutrition so that at

parturition  body c ondition  is slightly abo ve mo derate. 

Then, m anage postpa rtum nutrition to m inimize loss

of body condition and to minimize the magnitude and

duration  of NEB .  Early and  minim al NEB  will

initiate a wave of follicular growth soon after

calving, which is key to resumption of estrous cycles

and the opportunity for timely insemination and

conception.  I am not a nutritionist, so it would be

irrespons ible, and like ly hum orous, if I tried  to

describe nutritional m anagem ent to achieve these

goals.  Thus, I will leave that to others.  But, the

principle is this, the most effective therapy for

reproductive performance is maximal appetite and

maximal consumption of dietary calories.  With a

background of NEB there are very few recorded

successes of therapy for reproduction that can be

delivered  by syring es. 
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