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ABSTRACT
Since the early CL (4 days after ovulation) does not regress after injection of PGF,,, this study was designed to determine

whether number or affinity of PGF,, receptors was lower in the early as compared with the midstage CL. Heifers were randomly
assigned to have ovaries removed on Day 2, 4, 6, or 10 (n = 4 heifers per day; Day O = day of ovulation). Plasma progesterone
concentrations and the weight and size of the CL increased from Day 2 to 6, indicating normal CL development. Plasma mem-
branes from individual CL were evaluated for PGF2,, receptor concentration and affinity by Scatchard analysis. CL from each of
the 4 days of the estrous cycle were not different with respect to PGF, receptor concentration (number per microgram of
plasma membrane protein) and affinity. To examine tissue specificity, PGF,2 binding was evaluated in 12 organs or tissues. High-
affinity PGF,, receptors were found in the CL and adrenal medulla but not in granulosa cells or other tissues. In conclusion, a
single class of high-affinity PGF,, receptors was present within the bovine CL by 2 days after ovulation; therefore the reported
lack of responsiveness to PGF,, in the early CL was not attributable to a deficiency of high-affinity PGF,2 receptors.

INTRODUCTION
Prostaglandin F2, (PGF2.) is a potent luteolytic agent in

cattle and has been used extensively to synchronize estrus
[1-8]. One of the limitations on the use of PGF2, for estrous
synchronization is its apparent ineffectiveness during the
first few days of the estrous cycle [2, 7, 8]. Exogenous PGF 2.
causes regression of the bovine CL only between Day 5 and
Day 16 after estrus [2, 7, 8]. This lack of PGF2,, responsive-
ness could be due to a deficiency in number or affinity of
PGF2, receptors in the early CL.

Binding of PGF2, to membranes of the early bovine CL
has been reported [9, 10]; however, the number and affinity
of these receptors have not been previously quantified. In
swine there are increased numbers of high-affinity luteal
receptors for PGF 2. on approximately the same day (Day
13 after estrus) that the CL becomes responsive to a single
injection of PGF2 [11]. The objective of the present study
was to determine whether or not the lack of responsiveness
of the early bovine CL to PGF2, is attributable to alterations
in the concentration or affinity of PGF2,, receptors. In ad-
dition, the distribution of PGF2, receptors in various tissues
was examined.

MATERIALS AND METHODS

Animals, Ultrasonic Imaging, and CL Collection
Sixteen nulliparous Holstein heifers (age = 2.5-3 yr;

weight = 500-700 kg) were used during the months of
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October to December. Heifers were kept in outdoor pad-
docks with free access to shelter and were fed hay and con-
centrates.

Ultrasound examinations of ovaries were performed daily
by a single operator. The ultrasound scanner was a real-
time, B-mode instrument equipped with a 7.5-MHz, linear-
array, intrarectal transducer (Aloka 210-DXII; Corometrics,
Wallingford, CT). The day of ovulation was determined by
the disappearance of a large follicle; and the diameter, cross-
sectional area, and volume of the CL were determined by
daily ultrasound as previously described [12]. On the day
of detected ovulation, heifers were assigned randomly to
day of slaughter (Days 2, 4, 6, and 10 postovulation; n = 4
heifers per day), with an animal assigned to each of the 4
days after ovulation prior to beginning the next block of
animals.

Ovaries were collected within 15 min of slaughter. The
CL was dissected from the surrounding ovarian tissue and
placed into a 50-ml culture tube containing M199 (#M 0393
[Sigma Chemical Co., St. Louis, MO] supplemented with 20
mM HEPES [#H-3375, Sigma], 4.2 mM NaHCO3 , 100 IU/ml
penicillin-G, and 10 pLg/ml streptomycin sulfate), chilled
on ice, and returned to the laboratory (-2 h). CL were
frozen in 1 ml homogenization buffer (pH 7.0) containing
10 mM Tris-Cl, 1 mM CaCl2-(H20)2, 1 mM MgC12, 0.02% NaN 3,
and 250 mM sucrose and stored at -80°C.

Assay of Progesterone
Blood was sampled daily, starting from Day 0 (the day

of ovulation), until the day of slaughter. Samples were ob-
tained from coccygeal vessels into a heparinized, evacuated
tube and kept on ice until centrifugation. After centrifuga-
tion, the plasma was separated and stored at -200 C until
assayed for progesterone.

Progesterone concentrations were estimated by RIA. A
solid-phase RIA kit (Coat-A-Count Progesterone, #TKPG1;
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Diagnostic Products Co., Los Angeles, CA) with 125I as the
tracer was used without extraction as validated by Peter and
Bosu [13]. Standard curves were constructed using proges-
terone-free (charcoal stripped) bovine plasma.

PGF2. Radioreceptor Assay

On the day of receptor assays (four tissues of a block
analyzed on one day), luteal tissue was thawed and ho-
mogenized in an SDT Tissumizer (2 x 10 sec at 24 000
rpm; SDT-080EN probes, Takmar Co., Cincinnati, OH) fol-
lowed by a glass Dounce homogenizer. Homogenized tis-
sues were centrifuged three times at 3000 x g for 5 min
to remove tissue debris, and the supernatant was recentri-
fuged at 30 000 x g for 30 min to obtain the plasma mem-
brane pellet. These procedures were performed at 40C. The
pellets were resuspended in homogenization buffer and the
protein content was determined by the Bio-Rad microtiter
plate method (Bio-Rad Protein Assay, #500-0006; Bio-Rad
Labs., Richmond, CA) using BSA as the standard.

The PGF2,, radioreceptor assays were performed by a
modification of the methods of Wiepz et al. [14] in 96-well,
round-bottom polystyrene assay plates (Corning #25881-
96; Dow Corning Co., Midland, MI). Samples of plasma
membrane were centrifuged at 30 000 x g for 30 min; the
resulting pellet was resuspended in assay buffer (pH 6.0)
containing 10 mM Tris-HC1, 10 mM CaC12-(H20)2, 1 mM
MgC12, 0.02% NaN3, and 0.01% gelatin to a concentration of
25 or 50 RIg plasma membrane protein/50 jil. The individ-
ual CL were assayed with 25 ztg of plasma membranes. To
assess the quantitative nature of the Scatchard analyses, a
pool of luteal plasma membranes was produced on each
day after ovulation by combining 600 RIg of plasma mem-
brane protein from each CL. The concentration and affinity
of PGFz2 receptors were determined on these pools of plasma
membrane for each day at both 25 and 50 RIg of plasma
membrane protein. The plasma membrane was incubated
with 25 1 of 3H-PGF2, (0.1 pmol of 5,6,8,9,11,12,14,15- 3H-
N-PGF 2.; NET 433 from New England Nuclear, Boston, MA,
specific activity = 168.0 Ci/mmol) and 25 Il of varying
concentrations of nonradioactive PGF2,, (0-0.1 nmol of the
free acid of PGF2,; #16010 from Cayman Chemical Co., Ann
Arbor, MI) in a final volume of 100 [Al in each well. Plates
were incubated for 2 h at room temperature on a vibrating
titer plate shaker. A cell harvester (Mini-Mash II; Bio-
Whittaker, Walkersville, MD) was used to separate bound
and free 3H-PGF2,, by filtration through glass microfiber pa-
per (#34-6070-03, Whatman, Clifton, NJ) presoaked for 1
h in 0.3% polyethylenimine. The paper with the filtered
plasma membrane preparation was washed ten times with
200 pIl of 4°C wash buffer (10 mM Tris-HCl, 1 mM CaCI2-
[H20]2, 1 mM MgCI 2, and 0.02% NaN3, pH 6.0). Radioactivity
of each sample was measured in 4 ml of Ready Protein+

scintillation fluid (#158727; Beckman Instr., Palo Alto, CA)
on a Packard Minaxi Tri-Carb 4000 (Packard Instrument
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FIG. 1. Weight of CL (A) and circulating concentrations of progester-
one (B) at 2, 4, 6, and 10 days after ovulation (n = 4 heifers per day; mean
± SEM). Within each endpoint, days with different subscripts are different
(p < 0.05).

Company, Inc., Downers Grove, IL) liquid scintillation
counter.

The nonradioactive PGF2,, displacement method and
Scatchard analysis were used to calculate the number (B,~;
X intercept) and affinity (Ka; -1/slope) of PGF2a receptors.
These analyses were performed on individual CL and on
the pool of plasma membrane for each day.

Tissue Specificity of PGF2 . Receptors

To evaluate binding to granulosa cells, large follicles (>10
mm diameter) were aspirated from ovaries removed from
heifers and cows at the time of slaughter. CL were also re-
moved from these ovaries. Three cows were slaughtered
for evaluation of PGF2,, binding to non-ovarian tissues, and
a variety of tissues were removed, including muscle, brain,
mammary gland, lung, liver, adrenal cortex, adrenal me-
dulla, kidney, endometrium, and myometrium. Tissues were
immediately frozen and plasma membrane preparations were
isolated as described above for luteal tissue. Receptors for
PGF2,, were evaluated on 200 ig plasma membrane protein
by use of specific displacement of 3H-PGF2a by nonradioac-
tive PGF2. followed by Scatchard analysis.

Statistics

Data for luteal weight, plasma progesterone concentra-
tion, and PGF2a receptor concentration and affinity were
subjected to least squares analysis of variance using the
General Linear Models procedure of the Statistical Analysis
System (SAS, Cary, NC). Differences between means were
determined by Bonferoni's multiple comparison test. The
correlation of progesterone concentration vs. CL weight, di-
ameter, cross-sectional area, and volume was determined
by a simple linear regression model of SAS.

RESULTS

Correlation of CL Size and Plasma Progesterone
Concentration

The CL weight and plasma progesterone concentration
increased from Days 2 to 6 (Fig. 1). The plasma progester-
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FIG. 2. Scatchard analyses of the binding of 3H-PGF2. to receptors of
individual CL from 2, 4, 6, and 10 days after ovulation. Each line represents
the data from luteal tissue of a different heifer. The mean SEM for re-
ceptor affinity (Kd, nM) and for receptor concentration (No.; 108/lg protein)
is listed for each day. There were no differences in receptor concentration
(p = 0.22) or receptor affinity (p = 0.49) on different days.

one concentration was highly correlated with luteal weight
(r = 0.92;p < 0.001), diameter (r = 0.77;p < 0.001), cross-
sectional area (r = 0.73;p < 0.002), and volume (r = 0.79;
p < 0.001).

PGF2 . Receptors

The Scatchard analyses of displacement binding for in-
dividual CL are shown in Figure 2. Statistical analysis of the
results with individual CL revealed no significant differ-
ences in receptor concentration (number of receptors per
microgram plasma membrane protein) or affinity at differ-
ent days of the estrous cycle.

Receptor concentration and affinity, as calculated from
an extensive analysis of the pooled samples on Days 2, 4,
6, and 10 postovulation, were similar to the results found
with individual CL (Table 1). The receptor affinity and con-
centration in these pooled samples were similar at the two
levels of tissue, indicating that differing numbers of recep-
tors could be accurately quantified in this Scatchard anal-
ysis.

TABLE 1. PGF2. receptor affinity and concentration based on Scatchard
analyses of pooled CL using two levels of plasma membrane protein.

Day from
Ovulation

Day 2
Day 4
Day 6
Day 10

No
in

Affinity
.of CL (Kd, nM)

pool 25pLg 50Lg

3 8.85 9.26
4 7.37 7.39
4 6.35 6.16
4 6.64 6.36

Concentration
(108/hg protein)

25~1g 50[g

3.85 4.26
4.51 5.17
6.15 6.28
5.95 6.13

TABLE 2. Specific PGF2,, binding to 200 .Lg plasma membrane protein from
bovine tissues.

3H-PGF2 specific binding, dpm a

Tissueb Cow 834 Cow 788 Cow 1334 High affinity bindingc

Corpus luteum 18103 494 9060 Yes
Muscle 114 10 - No
Brain 188 84 - No
Mammary gland 0 - 227 No
Lung 187 73 223 No
Liver 81 194 203 No
Adrenal cortex 60 175 93 No
Adrenal medulla 1551 2907 2600 Yes
Kidney 91 134 162 No
Ovarian stroma 108 52 207 No
Endometrium 41 81 158 No
Myometrium 198 13 187 No

aUsing 53,358 dpm of 3H-PGF2,, (.1 pmol), 200 Lg plasma membrane pro-
tein, and with or without 100 pmol nonradioactive PGF2 for nonspecific
binding. Specific binding was total binding minus nonspecific binding.
bThe tissues were sampled from two Brown Swiss cows (#834 and #788)
and one Holstein cow (#1334) at the slaughterhouse. Cow #834 and #1334
were at the midluteal phase of the cycle with an active CL; cow #788 was
at the follicular phase with a regressing CL.
'High-affinity binding was determined by nonradioactive PGF 2. displace-
ment and Scatchard analyses.

Tissue Specificity of PGF2 . Receptors

CL from ovaries collected at a slaughterhouse at non-
selected stages of the estrous cycle had high-affinity PGF 2a
receptors (Kd = 8.33 nM; 4029 dpm bound of 40 000 dpm
added), whereas no high-affinity PGF2. receptors were found
on granulosa cells (no high-affinity binding; 112 dpm bound
of 40 000 dpm added). This lack of PGF2 ,, receptors was not
due to loss of all plasma membrane receptors, since FSH
and LH receptors were abundant in this pool of granulosa
cell plasma membrane (unpublished results). A variety of
other tissues bound small amounts of 3H-PGF 2., but high
amounts of specific binding and high-affinity receptors were
found only in CL and adrenal medulla (Table 2). The affin-
ity of PGF2 , receptors was similar in the adrenal medulla
and CL; however, the concentration of receptors was about
four times greater in the active CL (Table 3).

DISCUSSION
The central hypothesis of these studies was that the lack

of responsiveness to PGF2. in the early bovine CL is due
to a deficiency of high-affinity receptors for PGF2,. Dis-
placement curves and Scatchard analyses of individual CL

TABLE 3. PGF2. receptor affinity and concentration based on Scatchard
analyses of plasma membranes (200 pRg protein) from adrenal medulla and
CL.

Affinity Concentration
Reproductive (Kd, nM) (10

8 /9ig protein)
Cow ID Stage CL Adrenal Medulla CL Adrenal Medulla

834 Midluteal 5.34 10.30 8.45 1.02
788 Follicular 30.88 10.14 0.87 2.03

1334 Midluteal 7.45 13.04 9.07 2.64
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and pools of CL from the same day showed no difference
between developing (Days 2 and 4) and active (Days 6 and
10) CL in either affinity or concentration of PGF2a recep-
tors. One would expect absolute numbers of luteal PGF2
receptors to increase with increasing size of the CL; how-
ever, concentration of receptors was not increased. It seems
clear that increased numbers of PGF,, receptors are not
located on all tissues of the body, since we could not detect
high-affinity PGF2, receptors on granulosa cells or on a
number of other tissues. From the results of this study it is
not possible to determine the luteal cell type that contained
receptors for PGF2,. The use of homogenized tissue cir-
cumvented problems of cell dissociation and receptor in-
ternalization but made it impossible to determine whether
or not there were changes in receptor concentrations on
specific cell types only. In sheep and pigs the high-affinity
receptors for PGF 2a appear to be specifically located on the
large luteal cells [11, 15]. Large luteal cells primarily arise
from granulosa cells in the early bovine CL [16]. The lack
of PGF2a receptors on granulosa cells suggests that during
the luteinization process (prior to 2 days after ovulation),
the cells that differentiate into the large luteal cells begin
to express the gene for the PGF2a receptor.

Plasma membranes of CL from cattle and other species
contain high-affinity PGF2, receptors. In the present study
we found only a single class of high-affinity PGF2a receptor
(Kd = 6-9 nM). This finding agrees with those of Powell
et al. [17], Kimball and Lauderdale [18], and Mattioli et al.
[19], who reported a single receptor population on the bo-
vine CL (Kg of 50, 21, and 10 nM). Other investigators [20-
22] reported two classes of PGF2. receptors with high and
low affinities (Kd of 5.1, 18; 1.6, 24; 1.4, 63 nM). The differ-
ences in affinity for the PGF2,. receptor in different studies
may be due to different methods for receptor assays or
plasma membrane preparation.

In the rat, the greatest specific binding for PGF2. was
found in the ovary, but specific binding was also present
in oviduct, uterus, breast, pancreas, and heart [22]. In the
present study, we found specific binding of 3H-PGF2a in a
variety of bovine tissues also. However, Scatchard analysis
of this binding indicated that high-affinity PGF2. binding was
present only in the CL and adrenal medulla. It is not clear
whether or not differences in protein stability in different
tissues during homogenization and freezing may account
for differences in PGF2a binding. The finding that large
numbers of high-affinity PGF2a receptors were present in
the adrenal medulla was unexpected and to our knowledge
has not been reported previously. It raises the possibility
that PGF2a may be involved in synthesis or secretion of
catecholamines.

Recently the complete sequence of the mRNA for the
mouse [23], human [24] and bovine [25] PGF 2. receptor has
been reported. This receptor is part of the family of recep-
tors that have seven transmembrane domains and are cou-
pled to GTP-binding proteins. Consistent with our binding

results, Northern analysis demonstrated that the mRNA for
the PGF2a receptor was greatest in the mouse CL [23]. In
contrast, the mRNA for the PGF2a receptor was found to be
high in the mouse kidney and uterus [23], tissues in which
lower amounts of binding were detected in our study of
PGF2, receptor binding. Whether this discrepancy is due to
differences in species, protein/mRNA stability, or assay
conditions cannot be ascertained.

The present results, while demonstrating that lack of re-
sponsiveness to PGF2,, in the early bovine CL was not at-
tributable to a deficiency of high-affinity PGF2, receptors,
do not allow resolution of this apparent enigma. The acute
in vitro effects of PGF2a involve activation of phospholipase
C and increased free intracellular calcium ion concentra-
tion [26, 27]. Coupling of the PGF2e receptor to these intra-
cellular effectors may be lacking in the early CL. In prelim-
inary studies we found that approximately 20% of luteal
cells from early or mid-cycle CL show increased free intra-
cellular calcium concentrations after treatment with 100 nM
PGF2a (unpublished results). This result is consistent with
a coupling of PGF2a receptors in the early CL to the free
calcium second messenger pathway; however, accurate
quantification of this coupling will require more extensive
investigations. Other possible explanations for the absence
of regression of the early CL after injection of PGF2,, could
be incomplete vascularization [28] or incomplete differen-
tiation of degenerative mechanisms in luteal cells. Multiple
i.m. injections of PGF2. during the early luteal phase will
cause regression of the CL of some animals ([5]; J.R. Chen-
ault, unpublished results), indicating the capacity for
regression in the early CL of some animals. Understanding
the cellular mechanisms involved in diminished respon-
siveness to PGF2. in the early CL may help in developing
efficient methods for regressing the early CL.

REFERENCES

1. McCracken JA, Glew ME, Scaramuzzi RJ. Corpus luteum regression induced by
prostaglandin F2,,. J Clin Endocrinol & Metab 1970; 30:544-546.

2. Rowson LEA, Trevit R, Brand A The use of prostaglandins for synchronization
of oestrus in cattle. J Reprod Fertil 1972; 29:145 (abstract).

3. Louis TM, Hafs HD, Seguin BE. Progesterone, LH, estrus and ovulation after pros-
taglandin F2,, in heifers. Proc Soc Exp Biol Med 1973; 143:152-155.

4. Roche JF. Control of estrus in cattle. World Rev Anim Prod 1979; 15:49-55.
5. Beal WE, Milvae RA, Hansel W. Oestrous cycle length and plasma progesterone

concentrations following administration of prostaglandin F2,, early in the bovine
oestrous cycle. J Reprod Fertil 1980; 59:393-396.

6. Berardinelli JG, Adair R. Effect of prostaglandin F2,, dosage and stage of estrous
cycle on the estrous response and corpus luteum function in beef heifers. The-
riogenology 1989; 32:301-314.

7. Lauderdale JW. Effects of PGF2, on pregnancy and estrous cycle of cattle. J Anim
Sci 1972; 35:246 (abstract).

8. Hafs JE, Louis TM, Noden PA Oxender WD. Control of the estrous cycle with
prostaglandin F2,, in cattle and horses. J Anim Sci 1974; 38(suppl 1):10.

9. Rao CV, Estergreen VL, Carman FRJr, Moss GE. Receptors for gonadotrophin and
prostaglandin F2,, in bovine corpora lutea of early, mid and late luteal phase.
Acta Endocrinol 1979; 91:529-537.

10. Bartol FF, Thatcher WW, Bazer FW, Kimball FA, Chenault JR, Wilcox CJ, Roberts
RM. Effects of the estrous cycle and early pregnancy on bovine uterine, luteal,
and follicular responses. Biol Reprod 1981; 25:759-776.

77

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/52/1/74/2761374 by guest on 21 August 2022



WILTBANK ET AL.

11. Gadsby JE, Balapure AK, Brintt JH, Fitz TA Prostaglandin F2,, receptors on enzyme-
dissociated pig luteal cells throughout the estrous cycle. Endocrinology 1990;
126:787-795.

12. KastelicJP, Bergfelt DR, Ginther OJ. Relationship between ultrasonic assessment
of the corpus luteum and plasma progesterone concentration in heifers. Therio-
genology 1990; 33:1269-1278.

13. Peter AT, Bosu WTK Effects of intrauterine infection on the function of the cor-
pora lutea formed after first postpartum ovulations in dairy cows. Theriogenol-
ogy 1987; 27:593-609.

14. Wiepz GJ, Wiltbank MC, Nett TM, Niswender GD, Sawyer HR. Receptors for pros-
taglandins F2, and E2 in ovine corpora lutea during maternal recognition of preg-
nancy. Biol Reprod 1992; 47:984-991.

15. Fitz TA, Mayan MH, Sawyer HR, Niswender GD. Characterization of two steroido-
genic cell types in the ovine corpus luteum. Biol Reprod 1982; 27:703-711.

16. Alila HW, Hansel W. Origin of different cell types in bovine corpus luteum as
characterized by specific monoclonal antibodies. Biol Reprod 1984; 31:1015-1025.

17. Powell WS, Hammarstrom S, Samuelsson B. Occurrence and properties of a
prostaglandin F2, receptor in bovine corpora lutea. EurJ Biochem 1975; 56:73-
77.

18. Kimball FA, Lauderdale JW. Prostaglandin El and F2,, specific binding in bovine
corpora lutea: comparison with luteolytic effects. Prostaglandins 1975; 10:313-
331.

19. Mattioli M, Galeati G, Seren E. Characteristics of receptors for prostaglandin F2,,
in bovine and equine corpora lutea. Prostaglandins Leukotrienes Med 1983; 11:259-
268.

20. Rao CV. The presence of discrete receptors for prostaglandin F2,, in the cell mem-
branes of bovine corpora lutea. Biochem Biophys Res Commun 1975; 64:416-
424.

21. Rao CV. Properties of prostaglandin F2, receptors in bovine corpus luteum cell
membranes. Mol Cell Endocrinol 1976; 6:1-16.

22. Orlicky DJ. [H]Prostaglandin F2,, membrane binding reexamined. Prostaglandins
Leukotrienes Essent Fatty Acids 1990; 40:181-190.

23. Sugimoto Y, Hasumoto K, Namba T, Irie A, Katsuyama M, Negishi M, Kakizuka

A, Narumiya S, Ichikawa A Cloning and expression of a cDNA for mouse pros-
taglandin F receptor. J Biol Chem 1994; 269:1356-1360.

24. Abramovitz M, Boie Y, Nguyen T, Rushmore TH, Bayne MA, Metters KM, Slipetz

DM, Grygorczyk R. Cloning and expression of a cDNA for the human prostanoid

FP receptor. J Biol Chem 1994; 269:2632-2636.
25. Sakamoto K, Ezashi T, Miwa K, Okuda-Ashitaka E, Houtani T, Sugimoto T, Ito S,

Hayaishi O. Molecular cloning and expression of a cDNA of the bovine prosta-

glandin F2, receptor. J Biol Chem 1994; 269:3881-3886.
26. Davis JS, Weakland LL, Weiland DA, Farese RV, West LA Prostaglandin F2,, stim-

ulates phosphatidylinositol 4,5-bisphosphate hydrolysis and mobilizes intracel-

lular Ca
2

in bovine luteal cells. Proc Natl Acad Sci USA 1987; 88:3728-3732.

27. Wiltbank MC, Diskin MG, Niswender GD. Differential actions of second messen-

ger systems in the corpus luteum. J Reprod Fertil Suppl 1991; 43:65-75.

28. Niswender GD, Reimers TJ, Diekman MA, Nett TM. Blood flow: a mediator of

ovarian function. Biol Reprod 1976; 14:64-81.

78

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/52/1/74/2761374 by guest on 21 August 2022


