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INTRODUCTION

Follicular fluid (FF) creates a relatively isolated
compartment which provides both the granulosa
cells and the oocyte with the highly specific milieu
required for their maturation. The organic compo-
sition of this microenvironment, including steroid
and pituitary hormones, follicular proteins, and gly-
cosaminoglycans, has been studied extensively
over the last decade (1-4). Moreover, some of these
components have been found to serve as potential
predictors of IVF outcome (5). In contrast, infor-
mation about the physical properties of FF in the
preovulatory follicle is scant and confusing. This is
due largely to technical difficulties as well as the
paucity of experimental equipment suitable for as-
sessing parameters such as FF pressure and tem-
perature or electric potentials across the follicle
wall, which require intact follicles for measure-
ments in situ. The aim of this paper is to summarize
the available data concerning the physicochemical
properties of FF obtained during natural and stim-
ulated cycles. It is important to assess whether iat-
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rogenic changes in this well-defined set of physio-
logical conditions adversely affect the outcome of
IVF treatment and, also, to identify those proper-
ties of FF which correlate positively with successful
treatment and therefore could be used as markers
for IVF outcome.

FACTORS AFFECTING FF
PHYSICOCHEMICAL PROPERTIES

Physical characteristics of any biological fluid are
the product of its chemical composition and reflect
the degree of its isolation from the surrounding en-
vironment. In the preovulatory follicle, these fac-
tors are influenced primarily by the properties of
the tissues which separate the FF from the blood:
follicular wall permeability to water (6) and to sub-
stances that derive from the blood (7,8), on one
hand, and granulosa cell secretory function (9,10),
on the other hand, would affect physical parameters
such as volume, viscosity, specific gravity, osmo-
larity, color, and pH of the liquor accumulating
within the follicle; the distance between the antral
cavity and the blood vessels coupled with the spe-
cific thermal conductivity of the follicle wall would
determine FF temperature; the rate of FF formation
and the tensile strength of the follicle wall would
contribute to the intrafollicular pressure, and these
are just a few examples.

Before ovulation, vasculature is confined to the
theca-interna and the so-called ‘‘blood-follicle
barrier’’ is thought to prevent the high molecular
weight proteins from traversing the lamina basalis
to enter the avascular granulosa cell layer (8,11,12).
Interestingly, it appears that this barrier is only
functional, since follicles do not possess a structural
barrier comparable to that which exists in the testis
(13). In their elegant paper, Gosden and colleagues
(14) discussed the physiological factors underlying
FF formation and provided evidence to support the
theory that the granulosa cell layers which line the
follicular cavity behave like a ““leaky”’ epithelium
according to morphological, electrical, and chemi-
cal criteria. However, the question of whether an
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active mechanism of ion transport is involved has
yet to be resolved.

FOLLICULAR FLUID PROPERTIES

Temperature

The effect of high temperature on the female
ovary was reviewed by Waites (15). Interpolating
from the male testes, which require relatively low
temperatures for the process of spermatogenesis,
the theory that similar conditions are necessary for
folliculogenesis seemed attractive. Initial tests
failed to show differences between ovarian and core
temperatures (16). Later, Grinsted and associates
(17), using both microthermoelectrodes and ther-
movision techniques showed that, although actual
follicular temperature in rabbits varied from animal
to animal, there was a clear difference between FF
and core temperatures; follicular temperature was
lower by 2.8 = 0.2°C. These results were impres-
sively uniform despite the fact that the experiments
were conducted in three different microenviron-
ments. Also, when follicular and ovarian stroma
temperatures were compared, that of the follicle
was found to be lower by 1.4°C. This difference was
similar for large and small follicles. Benoit and col-
leagues reported results from studies in ovulating
ewes (18). Using ovarian thermistors, they ob-
served that ovarian temperature was higher than
body temperature by 0.14°C. However, in this
study no attempt was made to measure follicular
temperature. The study design by Grinsted and col-
leagues (17) excluded the possibility that the tem-
perature difference between the follicles and both
the core body and the ovarian stroma was due to
heat conduction, heat convection, heat radiation, or
evaporation. The putative mechanism that they sug-
gested for the formation of this temperature gradi-
ent was an endothermic chemical reaction, due to
changes in concentrations of FF macromolecules
such as mucopolysaccharides and proteins during
follicular growth. Nevertheless, it is difficult to ex-
plain how such a temperature gradient is kept stable
despite the open channels to the surrounding ovar-
ian capillary network. The physiological signifi-
cance of this temperature gradient has still to be
carefully evaluated with regard to follicular devel-
opment and oocyte maturation.

Volume

Attention has been paid lately to this parameter,
since it became clear that with IVF, outcome re-
lates directly to follicular size. Like most other FF
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parameters, its volume should be plotted along a
time axis, since this variable changes as the follic-
ular phase progresses. The diameter of the domi-
nant follicle, averaging 9.8 mm 5 days before ovu-
lation, undergoes an exponential growth, reaching a
mean value of 21 mm prior to ovulation (19). Gos-
den and Telfer (20) compared ovarian follicles of 29
mammalian species in nine orders and showed that
the diameters of primordial follicles correlated sig-
nificantly with body size. Their systematic work
substantiated the conclusion reached by Parkes (21)
about half a century earlier. They also observed
that in all species studied, FF started to accumulate
at the time that follicular diameter was 0.2-0.4 mm.
The size of the mature follicle appears to be genet-
ically determined (14). The accumulation of antral
fluid is hormonally regulated (22), and the midcycie
Iuteinizing hormone (ILH) surge seems to be the fi-
nal note in a series of events that cause the rapid
preovulatory increase in FF (2,23). The three com-
mon methods for estimating FF volume were ultra-
sonic evaluation, fluid aspiration, and measure-
ments of ovarian histological cross sections.
O’Herlihy et al. (24) showed that the mean follicular
size in spontaneous cycles was 21 mm, which cor-
responded to a mean volume of 5.1 ml. He noted an
excellent correlation between the calculated FF
volume according to ultrasonic measurements (us-
ing the formula for sphere volume, 4 wr°) and the
actual fluid volume recovered at laparoscopy. He
concluded that ultrasound was an accurate tool for
estimating follicular volume. The correlation be-
tween follicular volume and IVF results was evalu-
ated by several authors. Bayer and associates (25)
found FF volume to be a poor predictor of fertiliz-
ing capacity. However, Quigley and colleagues (26)
described a direct relationship between follicular
size (above 20 mm) and oocyte recovery, fertiliza-
tion, and cleavage rates. These findings were sup-
ported by Scott and colleagues (27), who, based on
data from 412 aspirated follicles, reported that fol-
licles of diameters greater than 14 mm have the
highest chance of containing mature oocytes. Simo-
netti ef al. (28), reviewing 547 cycles stimulated by
human menopausal gonadotropin (hMG) found that
mature oocytes were associated with larger follicles
(over 2.7 ml) and, more importantly, that the inci-
dence of spontaneous abortion was high with con-
ceptuses derived from smaller follicles. In conclu-
sion, despite some contradictory data, the associa-
tion between FF volume and successful IVF
outcome is well established.
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FOLLICULAR FLUID PHYSICOCHEMICAL PROPERTIES

Color and Spectrophotometric Absorbance

FF is described as ‘‘a straw-colored liquid”’
(2,23). Bayer and colleagues (25), examining FF ob-
tained during IVF treatment cycles, noted that the
intensity of its yellow color varied. To allow a quan-
titative determination of the pigments present, they
analyzed the spectrophotometric absorbance pat-
tern of human FF in the visible spectrum. In this
study, two peaks were identified within the yellow
spectrum at 415 and 455 nm, but the amount of
absorbance varied among individual follicles. It was
also shown by the authors that oocytes which sub-
sequently fertilized originated from follicles con-
taining FF that had significantly higher absorbance
at 455 nm compared to those that failed to fertilize.
Further studies (29) confirmed a highly significant
association between fertilization and absorbance at
A optic density of 455 nm as well as 360 nm, but no
similar relationship was revealed with embryo
cleavage. These researchers previously postulated
that the 455-nm absorbance, which correlated with
the FF bilirubin content, could be proportional to
the degree of follicular vascularization. However,
results from their more recent study (29) did not
demonstrate any correlation between the 455-nm
absorbance and FF protein or hormone concentra-
tion and therefore were not consistent with this hy-
pothesis. Further studies are required to clarify
these observations.

Viscosity and Refractive Index

Systematic studies of FF viscosity have not been
described. It appears that this physical parameter
changes during follicular growth (2), although dif-
ferently, in various species; in the cow (10) and the
rat (30) it decreases, whereas in primates (31-33) it
increases with follicular maturation. These changes
have been attributed to alterations in glycosamino-
glycan concentration prior to ovulation. Limited
data are available, however, concerning viscosity
and specific gravity of human FF from preovulatory
follicles in spontaneous cycles. In contrast to FF,
blood viscosity has been investigated extensively
and may serve as a model for investigating this
physical property of FF. In pregnant women,
plasma viscosity was found to increase with ad-
vanced gestation and to correlate positively with
increasing fibrinogen content but not with circulat-
ing hormone levels (34). Factors known to influence
whole-blood viscosity include hematocrit, plasma
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viscosity (34), shear rate (34,39), red cell deform-
ability, pH, P,O,, temperature (35), and plasma
protein concentration (35,36). Increased concentra-
tions of certain plasma proteins, especially fibrino-
gen and macroglobulins, enhance cell aggregation
and may greatly increase whole-blood viscosity at
low shear rates. Therefore it appears that, of all the
factors which influence the viscosity of body fluids,
FF viscosity will be determined mainly by its pro-
tein content. In a recent study, standard values of
FF viscosity and refractive index (which reflects FF
specific gravity) were set using FF samples col-
lected at the time of oocyte retrieval for IVF (37).
Viscosity was measured at 37°C in a Wells—
Brookfield microviscometer equipped with a CP-7
spindle (cone 1565°). Refractive index was deter-
mined by the Goldberg refractometer (American
Optical Company) for both fresh and frozen speci-
mens. Viscosity determinations (centipoise; mean
+ SD) for shear rates of 23, 46, 115, and 230 sec ™!
were 2.04 + (.86, 1.84 = 0.49, 1.48 + 0.27, and 1.38
* 0.22, respectively. The average (£SD) refractive
index was 1.030 = 0.002. There was no significant
difference between the values for thawed frozen flu-
ids and those for fresh samples of the same speci-
mens. Whole blood behaves as a non-Newtonian
fluid at low shear rates, reflecting the effect of re-
versible adhesion of red cells via fibrinogen (38,39).
These results suggest that FF also behaves as a non-
Newtonian fluid at the shear rates studies (its vis-
cosity changes at different shear rates), possibly re-
flecting the interaction between fibrinogen and cells
present in the fluid (erythrocytes and granulosa
cells). Of follicular proteins studied, only alpha-
l-antitrypsin and fibrinogen levels were found to
correlate positively with fertilization and pregnancy
(40). As FF fibrinogen is a major determinant of FF
viscosity, a positive correlation between FF viscos-
ity and fertilization could be expected. However,
data from the above-mentioned study showed no
correlation between FF viscosity or refractive in-
dex and the presence of oocytes, their maturation
grade, or their fertilizing capacity (unpublished
data).

Electrolyte Content and Osmolarity

Osmolarity of human FF equals that of the
plasma (1,11,14,41) in both natural and clomiphene-
induced cycles (42). Similarly, no concentration
gradients (FF vs plasma) were identified with re-
gard to the principal electrolytes: sodium, potas-
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sium (1,11,41), chloride (11,41), magnesium, and
calcium (41). Several mechanisms have been pro-
posed as being involved in the regulation of FF in-
organic component concentration. Current con-
cepts favor simple diffusion as the major determi-
nant of FF electrolyte and gas composition. Early
experiments showed that tritium-labeled water
reached equilibrium with FF within 15-25 min, sug-
gesting that the follicular blood barrier is highly per-
meable to water (6). Similar conclusions were
drawn using *!1 (43). David et al. (44) found that
sodium and chloride concentrations as well as os-
molarity in rabbit FF were identical to those in the
ovarian vein and artery, thus supporting the transu-
dation theory. But they also found significantly el-
evated FF levels of K™ and assumed that it was a
granulosa cell contribution. However, evidence for
a possible role for local follicular secretion or active
mechanism of ion transport remains inconclusive
(14). It should also be taken into consideration that
different techniques of FF collection and analysis
may lead to contradictory results. This was clearly
demonstrated in several studies on porcine FF.
Shuetz and Anisowicz (45), using slaughterhouse
material, showed that the sow FF is “K* rich and
Na* poor.”” Chang et al. (46) found that freshly
collected porcine FF had higher K™ levels than the
plasma. They also observed an obvious decrease in
FF K" when stored in ice. Knudsen and colleagues
(47) reported that Na*, K™, and osmolarity were
similar to plasma levels in cyclic pigs, with small
changes in K* concentration during the cycle, in
contrast to slaughterhouse material, which had
higher K* and osmolarity as well as lower Na™.
Slightly different results were provided by Gosden
and Hunter (48), who studied porcine FF samples
from anaesthesized animals. They observed that the
elemental composition of FF and plasma was iden-
tical, with two exceptions: concentrations of Na™*
in FF were higher, whereas those of bicarbonate
were lower. It appears that the precautions taken by
Shalgi er al. (11), who used only fresh tissue col-
lected during surgery and delivered it to analysis
within S min, are mandatory in order to achieve
reliable results. Apart from effects induced by ex-
perimental design, FF electrolyte content may vary
because of differences in follicle size. This was
demonstrated by Knudsen and associates (47), who
found that K* concentration was higher in small as
opposed to medium or large follicles in cyclic sows.
Unlike animal data, little is known about factors
affecting changes in electrolyte concentrations in
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human FF. Likewise, there is no information link-
ing FF electrolyte measurements and IVF outcome.

pH and Gases

The pH of human FF is similar to that of the
serum (49) and mostly controlled by pCO, (23). In
their basic work, Shalgi and associates (11) revealed
that the mean partial oxygen tension (+SE) in
freshly obtained human FF was 54.3 + 3.54 mm Hg.
The authors noted a significant variation (over a
ninefold range) in these results, which could not be
related to follicular size or histological differences.
FF was also found to be distinctly acid (pH 7.267 =
0.013; mean * SE) with pCO, ranging slightly lower
than venous values (35.1 = 1.5 mm Hg). An acid
excess of 10.1 = 0.39 mEq/liter was calculated us-
ing the Siggaard Andersen alignment normogram.
Hence it was concluded that although pCO, is a
major determinant of FF pH, the fluid must contain
a large excess of nonvolatile acids. It seems prob-
able from observations on bovine FF (49) that local
formation of acid mucopolysaccharides might pro-
vide an adequate explanation for this excess. More
information was added by Fraser and colleagues
(50), who, using freshly collected FF from ovarian
specimens, noted a high range of pO, values (53~151
mm Hg). The authors suggested that the pO, levels
might be even lower than calculated due to techni-
cal difficulties associated with sampling small folli-
cles and that this relatively low oxygen tension may
influence the metabolism of the oocyte and the
granulosa cells. These findings correlated well with
Gosden and Byatt-Smith’s prediction, based on a
mathematical model, of a steeply descending in-
ward oxygen concentration gradient (51). Another
observation by Fraser et al. was a relatively high
pQO, in the ovarian vein as compared to peripheral
vein levels. These investigators assumed that arte-
rial venous shunting exists in the ovary. In their
study pCO, approximated that of peripheral venous
blood, while the pH, averaging 7.32, was higher
than peripheral vein, ovarian vein, and arterial
blood mean values.

The apparent discrepancy between the above
findings may be attributed to difficulties in measur-
ing pH of freshly aspirated FF. Once FF is removed
and laced in air, its pH will begin to rise to very high
levels (52). Conversely, it was thought that the use
of carbon dioxide to achieve pneumoperitoneum
might induce acidosis in FF. The gas could dissolve

Journal of in Vitro Fertilization and Embryo Transfer, Vol. 7, No. 2, 1990



FOLLICULAR FLUID PHYSICOCHEMICAL PROPERTIES

in extracellular and intracellular fluids, releasing
carbonic acid and altering the pH. However, it ap-
pears that when using 100% CO, for periods of up to
1 hr, no change will occur in FF pH, providing that
the follicle remains intact. This is due to follicular
capacity to buffer any CO, which diffuses through
its wall (52). When the effect of CO, pneumoperi-
toneum on rabbit oocytes and subsequent embryos
was assessed, it was shown that despite a rise in
arterial pCO, and pO,, as compared to the air-
treated animals, there was no significant difference
in embryo cleavage rates between the two groups
(53). Nevertheless, the introduction of the transvag-
inal aspiration method, which obviates the need for
intraperitoneal insufflation, eliminates any possible
effect of exogenous gas on FF pH.

Electrophysiological Properties of the Follicle Wall

Evidence for the existence of a transmural poten-
tial difference can support the theory that FF is
formed by a flow of fluid that follows an active ion
transport through the follicle wall. To test this hy-
pothesis, McCaig (54) applied probing microelec-
trodes for voltage recording across the epithelial
cell layer of superfused mouse follicles, isolated at
various stages of the ovarian cycle. Measurements
revealed a steady potential when the antrum was
entered, which was maintained as the electrode
continued to move through the FF. This trans-
follicle wall potential difference measured was
small (1.2 = 0.3 mV,; antrum positive) in cycling
animals and became more positive as ovulation ap-
proached. Furthermore, metabolic inhibitors,
which would block any active jon transport, caused
an increase in the internal positivity of the potential
difference. More recently, Gosden and Hunter (48)
have added information concerning the electro-
physical properties of the follicle wall. Mounting
explants of porcine follicles in a Ussing chamber,
they found that the potential difference across the
pig follicle wall was small (0.2 = 0.1 mV), a finding
which was in agreement with the previous resuits.
The specific electrical resistance of these explants
was calculated to be very low (59 Q - cm?). These
observations were interpreted as evidence that the
follicle wall is an electrically ‘‘leaky’ epithelium
(14) and that the current is conducted paracellularly
rather than transcellularly. Therefore, it is probable
that the major pathway for entry of water into the
follicle is paraceliular.
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Intrafollicular Pressure

Important studies regarding changes in intrafol-
licular pressure were conducted more than 20 years
ago. Earlier works (12,49) noted an increase in pres-
sure prior to ovulation as part of the suggested “‘egg
expulsion’” mechanism. In the rat, intrafollicular
pressure as measured in 250 graafian follicles was
found to average 23.1, 21.9, and 19 cm of water in
large, intermediate, and small follicles, respectively
(55). Simultaneously, parallel changes were ob-
served in the mesenteric capillary pressure. Also,
no preovulatory surge in intrafollicular pressure
was noted and ovulation was concluded to result
from a sequence of morphologic changes around the
stigma, which in turn appeared to be hormonally
controlled. Espey and Lipner (56), by direct cannu-
lation of rabbit graafian follicles with micropipettes,
found that the average pressure was 17 mm Hg,
whereas in the preatretic follicle it was 50 mm Hg.
The intrafollicular pressure was proportional to the
blood pressure, suggesting that colloid osmotic
pressure has a negligible contribution to the total
hydrostatic pressure in the follicle. The authors
found a decrease in pressure to 5 mm Hg at the time
of rupture (ovulation) with no preovulatory surge.
They viewed ovulation as an event occurring under
the force of steady antral pressure. Using exterior-
ized rabbit ovaries Rondell (57) introduced two mi-
cropipettes into follicles. He used one pipette to
measure the hydrostatic pressures and the other for
saline injection. Two interesting observations re-
sulted from this experiment: impending ovulation
did not change intrafollicular pressure and an in-
crease in intrafollicular pressure could not be in-
duced by fluid injection. Tension-length diagrams
in these experiments indicated an increased follicu-
lar wall extensibility prior to rupture. Such a change
in the elastic properties of the follicle wall would
explain why the rapid preovulatory rise in FF vol-
ume is not accompanied by a concomitant increase
in intrafollicular pressure.

SUMMARY

Despite the limited data that are available con-
cerning FF physicochemical properties, the follow-
ing conclusions can be drawn.

(1) FF temperature is lower than ovarian stroma
and body temperatures. The physiological signifi-
cance of this gradient is unknown.
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(2) Follicular size increases exponentially prior
to ovulation. The relationship between FF volume
and successful IVF outcome is well established.

(3) A highly significant association exists be-
tween fertilization (but not embryo cleavage) and
FF spectrophotometric absorbance at A optic den-
sity of 455 nm.

(4) FF behaves as a non-Newtonian fluid—its
viscosity changes at different shear rates. Neither
FF viscosity nor its refractive index was found to
correlate with the presence of oocytes, their matu-
ration grade, or their fertilizing capacity.

(5) FF osmolarity is similar to that of the plasma.
There is no information linking variations in FF os-
molarity to IVF outcome.

(6) FF pH is acidic, probably due to acid muco-
polysaccharides. It appears that the intact follicle is
capable of buffering any carbon dioxide which dif-
fuses through its wall at the time of intraperitoneal
insufflation. The transvaginal aspiration technique
eliminates any possible effect of exogenous gas on
FF pH.

(7) Regarding the intact follicle, it was shown
that (a) there is a small potential difference across
the follicle wall, and (b) intrafollicular pressure re-
mains steady prior to ovulation.

This information may shed some light on mecha-
nisms underlying FF formation and ovulation. No
experiments relating these properties to IVF out-
come have been performed.

REFERENCES

1. Edwards RG: Follicular fluid. J Reprod Fert 1974;37:189-
219

2. Peters H, McNatty KP: The Ovary. A Correlation of Struc-
ture and Function in Mammals. Berkeley, University of Cal-
ifornia Press, 1980, pp 34-43

3. Lenton EA, King H, Thomas EJ, Smith SK, McLachlan RI,
MacNeil S, Cooke ID: The endocrine environment of the
human occyte. J Reprod Fert 1988;82:827-841

4. Velasquez A, Reyes A, Chargoy J, Rosado A: Amino acid
and protein concentrations of human follicular fluid. Fertil
Steril 1977;28:96-100

5. Pellicer A, Diamond MP, DeCherney AH, Naftolin F: In-
traovarian markers of follicular and oocyte maturation. J
Vitro Fert Embryo Transfer 1987;4:205-217

6. Peckham B, Kiekhofer W: The movement of tritium-labeiled
water in the human ovarian follicle. Am J Obstet Gynecol
1959;78:1012-1018

7. Cran DG, Moor RM, Hay MF: Permeability of ovarian fol-
licles to electron dense macromolecules. Acta Endocrinol
1976;82:631-636

8. Shalgi R, Kraicer PJ, Rimon A, Pinto M, Soferman N: Pro-

FISCH, GOLDBERG, OVADIA, AND TADIR

teins of human follicular fluid: the blood-follicle barrier. Fer-
til Steril 1973;24:429-434
9. Hillier SG, Wickings EJ, Afnan M, Margara RA, Winston

RML: Granulosa cell steriodogenesis before in vitro fertil-
ization. Biol Reprod 1984;31:679-686

10. Zachariae F, Thorsoe H: Hormonal control of acid muco-
polysaccharides in the female genital tract. In Hormones and
Connective Tissue, G Asboe Hansen (ed). Copenhagen,
Denmark, Munksgaard, 1966, pp 275-281

11. ShalgiR, Kraicer PF, Soferman N: Gases and electrolytes of
human follicular fluid. J Reprod Fert 1972;28:335-340

12. Zachariae F: Studies on the mechanism of ovulation: Per-
meability of the blood-liquor barrier. Acta Endocrinol
1958;27:339-342

13. O’Shea JD: Structure function relationship in the wall of
ovarian follicle. Aust J Biol Sci 1981;34:379-399

14. Gosden RG, Hunter RHF, Telfer E, Torrance C, Brown N:
Physiological factors underlying the formation of ovarian
follicular fluid. J Repord Fert 1988;82:813-825

15. Waites GMH: Temperature regulation and fertility in male
and female mammals. Israel J Med Sci 1976;12:982-993

16. Balin H, Busser JH, Fromm E, Wan LS, Israel SL: Biote-
lemetry as an adjunct to the study of ovarian physiology.
Fertil Steril 1965;16:1-15

17. Grinsted J, Blendstrup K, Andreasen MP, Byskov AG:
Temperature measurements of rabbit antral follicles. J Re-
prod Fert 1980;60:149-155

18. Benoit HJ, Borth R, Ellicott AR, Woolever CA: Periovula-
tory changes in ovarian temperature. Am J Obstet Gynecol
1976;124:356-360

19. Greenwald ES, Terranova PF: Follicular selection and its
control. In The Physiology of Reproduction, E Knobil, JD
Neill (eds). New York, Raven Press, 1988, pp 387446

20. Gosden RG, Telfer E: Scaling of follicular size in mammalian
ovaries. J Zool Lond 1987;211:157-168

21. Parkes AS: Size of Graafian follicle at ovulation. Proc R Soc
1932;109:185-213

22. Speroff 1., Glass RH, Kase NG: Clinical Gynecologic En-
docrinology and Infertility, 4th Ed. Baltimore, Williams and
Wilkins, 1988, p 95

23. Edwards RG: Conception in the human female. London,
Academic Press, 1980, pp 325-329

24. O’Herlihy C, Crespigny LC, Lopata A, Johnston I, Hoult I,
Robinson H: Preovulatory follicular size: A comparison of
ultrasound and laparoscopic measurements. Fertil Steril
1980;34:24-26

25. Bayer SR, Armant DR, Dlugi AM, Seibel MM: Spectropho-
tometric absorbance of follicular fluid: A predictor of oocyte
fertilizing capability. Fertil Steril 1988;49:442—446

26. Quigley MM, Wolf DP, Maklad NF, Dandekar PV, Soko-
loski JE: Follicular size and number in human in vitro fer-
tilization. Fertil Steril 1982;38:678-681

27. Scott RT, Hofmann GE, Muasher SJ, Acosta AA, Kreiner
DK, Rosenwaks Z: Correlation of follicular diameter with
oocyte recovery and maturity at the time of transvaginal
follicular aspiration. J Vitro Fert Embryo Transfer 1989;
6:73-75

28. Simonetti S, Veeck LL, Jones HW Jr: Correlation of follic-
ular fluid volume with oocyte morphology from follicles
stimulated by human menopausal gonadotropin. Fertil Steril
1985;44:177-180

29. Bayer SR, Shelton S, Armant DR: Spectrophotometric ab-

Journal of in Vitro Fertilization and Embryo Transfer, Vol. 7, No. 2, 1990



FOLLICULAR FLUID PHYSICOCHEMICAL PROPERTIES

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

sorbance of follicular fluid: Related to oocyte fertilization,
embryo cleavage and follicular fluid protein and hormone
concentrations. VIth World Conference of IVF and Alter-
nate Assisted Reproduction, 2-7 April, Jerusalem 1989, Ab-
stract Book, p 25

Norman RL, Greenwald GS: Follicular histology and phys-
iological correlates in the preovulatory hamster. Anat Rec
1972;173:95-108

Koering MJ: Cyclic changes in ovarian morphology during
the menstrual cycle in Macaca mulatta. Am J Anat 1969;
126:73-101

Butler H: Oogenesis and folliculogenesis. In Comparative
Reproduction of Nonhuman Primates, ESE Hafez (ed).
Springfield, CC Thomas, 1971, pp 243-268

McNatty KP, Hunter WM, McNeilly AS, Sawyers RS:
Changes in the concentration of pituitary and steroid hor-
mones in the follicular fluid of human Graafian follicles
throughout the menstrual cycle. J Endocrinol 1975;64:555—
571

Huisman A, Aarnoudse JG, Heuvelmans JHA, Goslinga H,
Fidler V, Huisjes HJ, Zijlstra WG: Whole blood viscosity in
normal pregnancy. Br J Ob Gyn 1987;94:1143-1149
Dupont PA, Sirs JA: The relationship of plasma fibrinogen,
erythrocyte flexibility and blood viscosity. Thrombos Hae-
mostas 1973;38:660-667

Dintenfass L: Haemorrheological changes in pregnancy.
Contr Nephrol 1981;25:91-97

Fisch B, Harel L, Amit S, Kaplan-Kraicer R, Mor N, Mer-
lob P, Tadir Y, Ovadia J: Viscosity and refractive index of
follicular fluid in IVF patients. VIith World Conference of
IVF and Alternate Assisted Reproduction, Jerusalem, 2-7
April 1989, Abstract Book, p 25

Merrill EW, Gilliland ER, Lee TS, Salzman EW: Blood rhe-
ology: Effect of fibrinogen deduced by addition. Circ 1966;
13:437-446

Merrill EW, Pelletier GA: Viscosity of human blood: Tran-
sition from Newtonian to non-Newtonian. J Appl Physiol
1967;23:178-182

Nayudu PL, Lopata A, Leung PCS, Johnson WIH: Current
problems in human in vitro fertilization and embryo implan-
tation. J Exp Zool 1983;228:203-312

Chong AP, Taymor ML, Lechene CP: Electron probe mi-
croanalysis of the chemical elemental content of human fol-
licular fluid. Am J Obstet Gynecol 1977:128;209-211
Menezo Y, Testart J, Thebault A, Frydman R, Khatch-
adourin C: The preovulatory follicular fluid in the human:

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

73

Influence of hormonal pretreatment (clomiphene-hCG) on
some biochemical and biophysical variables. Int J Fertil
1982;27:47-51

Kaulla KN, Arkawa JK, Pettigtrew JD: Concentration in the
human ovarian follicular fluid of radioactive tracers and
drugs circulating in the blood. Nature 1958:192:1237-1238

. David A, Frenkel G, Kraicer PF: Chemical composition of

rabbit follicular fluid. Fertil Steril 1973;24:227-229

Schuetz AW, Anisowicz A: Cation and protein composition
of ovarian follicular fluid of the pig: Relation to follicle size.
Biol Reprod 1974;11:64-72

Chang SCS, Jones JD, Ellefson RD, Ryan RJ: The porcine
ovarian follicle. 1. Selected chemical analysis of follicular
fluid at different developmental stages. Biol Reprod 1976;
15:321-332

Knudsen JF, Litkowski LY, Wilson TL, Guthrie HD, Batta
SK: Follicular fluid electrolytes and osmolality in cyclic
pigs. J Reprod Fert 1979;57:419-422

Gosden RG, Hunter RHF: Electrophysiological properties
of the follicle wall in the pig ovary. Experientia 1988;44:212-
214

Zachariae F, Jensen CE: Studies on the mechanism of ovu-
lation: Histochemical and physico-chemical investigations
on genuine follicular fluid. Acta Endocrinol 1958;27:343-355
Fraser 1, Baird DT, Cockbourn F: Ovarian venous blood
PO,, PCO, and pH in women. J Reprod Fert 1973;33:11-17
Gosden RG, Byatt-Smith JG: Oxygen concentration gradient
across the ovarian follicular epithelium: Model predictions
and implications. Human Reprod 1986;1:65-68

Edwards RG, Purdy JM: Discussion on the laparoscopic re-
covery of oocytes: The gas phase during laparoscopy. In
Human Conception in Vitro, RG Edwards, JM Purdy (eds).
London, Academic Press, 1982, pp 119-122

Mastroyannis C, Hosoi Y, Yoshimura Y, Atlas SG, Wallach
EE: The effect of a carbon dioxide pneumoperitoneum on
rabbit follicular oocytes and early embryonic development.
Fertil Steril 1987;46:1025-1030

McCaig CD: A potential difference across mouse ovarian
follicle. Experientia 1985;41:609-611

Blandau RJ, Rumery RE: Measurements of intrafollicular
pressure in ovulatory or preovulatory follicles of the rat.
Fertil Steril 1963;14:330-341

Espey LL, Lipner H: Measurements of intrafollicular pres-
sures in the rabbit ovary. Am J Physiol 1963;205:1067-1072
Rondell P: Follicular pressure and distensibility in ovulation.
Am J Physiol 1964;207:590-594

Journal of in Vitro Fertilization and Embryo Transfer, Vol. 7, No. 2, 1990



