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Preeclampsia (PE) is a complex disorder, occurring during the third trimester of

gestation characterized by hypertension with proteinuria, increased uterine artery
resistance (UARI), elevated inflammatory cytokines and endothelial dysfunction during
pregnancy. 17-hydroxyprogesterone caproate (17-OHPC), a synthetic hormone called
progestogen or progestin, is already approved by US Food and Drug Administration
(FDA)and used for the prevention of subsequent preterm labor not complicated by PE.
There is limited information for the use of 17-OHPC to manage or treat preeclampsia.
In fact, this progestin is not used in the management of PE and there are no studies, other
than ours in recent years, evaluating the efficacy of 17-OHPC to improve symptoms of
preeclampsia. Therefore, this mini review reflects on our preclinical experiments with
the use of 17-OHPC for the management of preeclampsia (PE). We have recently
published that PE is a state of progesterone deficiency. 17-OHPC administered on
gestation day 18 (GD18) to Reduced UterinePerfusion Pressure (RUPP) rats reduced
renal and placental endothelin-1 (ET-1), TNF-alpha and IL-6, most recently, increased
vascular endothelial nitric oxide synthase (eNOS) expression and nitrate-nitrite levels
while improving blood pressure in response to placental ischemia. These data suggest
that 17-OHPC improves pregnancy outcomes during placental ischemia and should be

considered for addition to the management of PE.

ABBREVIATIONS

PE: Preeclampsia; 17-OHPC: 17-hydroxyprogesterone
caproate; FDA: US Food and Drug Administration; UARI: Uterine
Artery Resistance Index; RUPP: Reduced Uterine Perfusion
Pressure; ET-1: Endothelin-1; TNF-alpha: Tumor Necrosis Factor
alpha; IL-6: Interleukin 6; eNOS: Nitric oxide synthase

INTRODUCTION
Pathophysiology of preeclampsia

Preeclampsia is characterized by blood pressure greater
than 140/90 mmHg after the 20th weeks of gestation with
proteinuria or thrombocytopenia, renal insufficiency, impaired
liver function, pulmonary edema, or cerebral or visual symptoms
[1-3]. An important initiating event in PE is thought to be
inadequate trophoblast invasion into the uterinespiral arteries
which leads to placental ischemia and widespread maternal
vascular endothelial dysfunction [3-6]. In addition, an increase in
inflammatory cytokines such as tumor necrosis factor-a (TNF-a),
interleukin-1 (IL-1), andinterleukin-6 (IL-6) is associated with

endothelial dysfunction during preeclampsia [7-11]. Moreover,
other mediators such as endothelin-1 (ET-1), enhanced of the
anti-angiogenic factor s Flt-1, agonistic auto antibodies to the
angiotensin II type [ receptor and decreased vasodilators such as
nitric oxide (NO) have been shown play a role in the development
of hypertension and intrauterine growth restriction (IUGR) in
preeclamptic women [12-18].

Inthisreview we refer specifically to 17-hydroxyprogesterone
caproate (17-OHPC) use alone for the improvement of
hypertension during pregnancy in our preclinical rat models of
preeclampsia.

Current obstetrical uses for 17-OHPC

Currently, the clinical management of PE is hydralazine with
labetalol and most likely early delivery of the baby, which makes
preeclampsia the leading cause for preterm labor and maternal
and infant mortality and morbidity. In fact, when severe preterm
PE develops during pregnancy prior to 34 weeks gestation,
intravenously infused magnesium sulfate is initiated to slow
disease progression and prevent maternal seizure [19,20]; potent
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glucocorticoids are given to enhance fetal lung maturation, and
anti hypertensives are used to prevent stroke [21]. Very often the
maternal-fetal status does not permit continuation of pregnancy
during the first 48-72 hours of maternal-fetal evaluation/
stabilization and delivery becomes necessary.

At present, 17-hydroxyprogesterone caproate (17-OHPC) is
currently the only medication with sufficient evidence to support
its use for prevention of spontaneous recurrent preterm birth
[22-25].

Preterm birth characterized by any delivery occurring before
37 weeks of gestation, is a public health problem that requires
urgent action to protect the babies born too soon and improve
perinatal outcome. [26]. Overall, the survival chances of the
15 million babies born preterm each year vary dramatically
depending on wherethe babies are born and it is a leading cause
of perinatal morbidity and mortality throughout the world [27].

17-OHPC is a synthetic hormone that interacts with
progesterone receptors and causes relaxation of the uterus
and slows contractions during preterm labor [24]. This
progestogencan be administered weekly to patients diagnosed
between 22-30weeks of gestation to prolong pregnancy and
increase the time to delivery which significantly improve
prenatal outcomes. The US Food and Drug Administration (FDA)
approved this medication in 2011 to reduce the risk of recurrent
preterm birth in women with a singleton pregnancy with at least
one prior premature delivery [28]. Combs et al demonstrated
that prophylactic treatment with 17-OHPC during either twin
or triplet pregnancies did not prolong gestation or reduce the
neonatal morbidity [29, 30]. Furthermore, Lim et al showed that
17-OHPC did not change any of the parameters mentioned in
Comb’s study during multiple pregnancies [31]. In addition, 17-
OHPC given weekly to nulli parous women with a short cervix
did not reduce the frequency of preterm birth [32]. Rozenberg
and colleagues demonstrated that the time to delivery and
neonatal outcomes were not improved, nor worsened after 17-
OHPC supplementation after preterm labor [33].However, 17-
OHPC is not used in the preterm births complicated by PE or
in the management of this syndrome since there are no strong
studies evaluating 17-OHPC to improve preeclampsia. The
Cochrane Collaboration review showed that there is insufficient
data to support the hypothesis that progesterone may be used
for preventing PE and its complications [34]. Randomized trials
using progesterone and other progestogens, oral and vaginal, for
PE prevention or complications were inconclusive concerning its
role in PE [35,36].

Therefore, the effects of 17-OHPC on pathophysiology of
preeclampsia is the major focus for studies in our laboratory
following the positive outcomes at the preclinical level with the
use of 17-OHPC

Effects of 17- hydroxyprogesterone caproate on rat
models of preeclampsia

In order to study the specific mechanisms of 17-OHPC
on the pathophysiology of preeclampsia, we have conducted
several studies in animal models. We used the RUPP rat model,
a well-accepted and established model for preeclampsia, and

the elevated cytokines rat model of preeclampsia. These studies
were performed to test the central hypothesis, discussed in this
mini review, that 17-OHPC could improve pregnancy outcomes
in response to placental ischemia and elevated cytokines.

Previously, we have examined the hypothesis that
progesterone in the form of 17-OHPC is a drug for treatment of
hypertension in response to elevated TNF-a during pregnancy
[37]. Our in vivo findings have demonstrated that the normal
pregnant (NP) recipient ratsimplanted with a mini osmotic pump
infusing TNF-a had higher mean arterial blood pressure (MAP,
115 + 3 mm Hg vs. 97 * 2 mm Hg, P<0.01) associated with a
twofold increase in circulating levels of TNF-a (47 + 6 pg/ml vs.
23 + 7) when compared with the control NPrats [37]. In addition,
TNF-a-induced hypertensive rats significantly increased local
production of ET-1 in the kidney, placenta, and vasculature [12].
Administration of 17-OHPC on day 18 of gestation decreased
renal cortex prepro-ET-1 mRNA levels and significantly
decreased MAP to 100 + 4 mm Hg (P<0.01) compared with TNF-
a-induced hypertensive rats. These findings indicate that the
antihypertensive effects of 17-OHPC might be via blunting of
TNF-a-stimulated ET-1 synthesis in pregnant rats [37].

Additionally, we recently demonstrated that administration
of 17-OHPC on GD 18 attenuated interleukin 6 (IL-6) induced
hypertension during pregnancy. Furthermore, administration of
17-OHPC on GD 18 to IL-6 induced hypertensive rats attenuated
circulating levels of AT1-AA (17 + 9 bpm vs. 4 0.8 bpm, P<0.05)
and significantly improved placental eNOS expression [38].
Importantly, these results were the first one to show that 17-
OHPC could improve symptoms and outcomes by modulation of
NO bioavailability.

We utilize the RUPP (reduced uterine perfusion pressure)
rat model of PE which has been shown to exhibit endothelial
dysfunction, marked increase in arterial blood pressure with
lower birth weight, uterine artery resistance index (UARI), anti-
angiogenic factors (sFlt-1), and endothelin 1( ET-1), and AT1-
AA,all characteristics which are associated with PE [4,14,39].
Our previous data demonstrated that 17-OHPC administered
on gestation day 18 (GD18) to RUPP rats attenuated renal
and placental ET-1 while improving blood pressure [40, 41].
Furthermore, 17-OHPC significantly decreased circulating
IL-6 and TNF alpha in response to RUPP in pregnant rats. Our
most recent studies have shown that while 17-OHPCimproves
inflammation, it also significantly improves uterine artery
resistance index (UARI), increased vascular endothelial nitric
oxide synthase (eNOS) expression and circulating levels of
nitrate-nitrite in response to placental ischemia [42]. Therefore,
beyond the anti-inflammatory effects of 17-OHPC, other
mechanisms whereby 17-OHPC could improve blood flow is
by decreasing ET-1 and increase NO bioavailability there by
stimulating vasodilation. Importantly both vasodilation and
anti-inflammatory actions of 17-OHPC could improve fetal and
maternal outcomes during PE. Although, we did not observe
any improvement on the pup weight [42], this may be due to the
late term administration of 17-OHPC in gestation to RUPP rats.
Pup weights were measured only 24 hours following injection in
the aforementioned studies. Future studies will determine the
effects of 17-OHPC administered earlier in gestation, thereby
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Figure 1 17-hydroxyprogesterone caproate improves

pathophysiology of preeclampsia in response to placental ischemia.

allowing a few days to determine if any beneficial effects on
fetal weight occur. Nevertheless, these findings indicate that 17-
OHPC improves important pathological mediators and improves
maternal blood pressure response associated with PE.

Our recent study has suggested that preeclampsia may
be a progesterone deficient state. We have published that PE
women have lower circulating progesterone levels (15 ng/mL)
compared to normal pregnant (NP) women (34 ng/mL, P<0.013)
[41]. To further examine a direct effect of progesterone, we
recently demonstrated that progesterone supplementation of
human umbilical venous endothelial cells (HUVEC) significantly
decreased ET-1secretion followingexposureto either RUPP serum
or serum from PE women [41]. Together these studies suggest
that the decreased circulating progesterone could exacerbate the
vascular effect of soluble factors stimulated during preeclampsia
to cause maternal endothelial activation. These findings indicate
that progesterone could provide protection from soluble factors
released in response to placental ischemia (Figure 1).

CONCLUSION

Collectively, our data suggest the 17-OHPC has important
anti-inflammatory and vasodilatory effects as mechanisms of
protecting maternal endothelium from the activation by soluble
circulating factors thereby resulting in the lowering of blood
pressure and improved outcomes during PE. In conclusion, 17-
OHPC supplementation improves cortical renal PPET-1 and blood
pressure in response to elevated TNF-a; improves circulating
levels of AT1-AA, placental eNOS expression and hypertension in
response to elevated IL-6; lastly 17 OHPC improves inflammation,
renal and placental PPET-1, UARI, hypertension, eNOS expression
and nitric oxide bioavailability in response to placental ischemia
during pregnancy. Indeed, studies areneeded to evaluate the
use of 17-OHPC in a larger clinical trial to provide information
about the safety and efficacy of this synthetic hormone during
preeclampsia. Nevertheless, based on our preclinical evidence,
we believe that 17-OHPC should be further considered for
addition to the management of PE, especially severe preterm PE.

REFERENCES

1. Noris M, Perico N, Remuzzi G. Mechanisms of disease: Pre-eclampsia.
Nat Clin Pract Nephrol. 2005; 1: 98-114.

2. Roberts JM, Gammill HS. Preeclampsia: recent insights. Hypertension.

2005; 46: 1243-1249.

3. Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet. 2005; 365:
785-799.

4. Gilbert JS, Ryan MJ, LaMarca BB, Sedeek M, Murphy SR, Granger
JP. Pathophysiology of hypertension during preeclampsia: linking
placental ischemia with endothelial dysfunction. Am ] Physiol Heart
Circ Physiol. 2008; 294: H541-550.

5. Sankaralingam S, Arenas IA, Lalu MM, Davidge ST. Preeclampsia:
current understanding of the molecular basis of vascular dysfunction.
Expert Rev Mol Med. 2006; 8: 1-20.

6. Brennan L], Morton ]S, Davidge ST. Vascular dysfunction in
preeclampsia. Microcirculation. 2014; 21: 4-14.

7. Conrad KP, Benyo DF. Placental cytokines and the pathogenesis of
preeclampsia. Am ] Reprod Immunol. 1997; 37: 240-249.

8. Lamarca B. The role of immune activation in contributing to vascular
dysfunction and the pathophysiology of hypertension during
preeclampsia. Minerva Ginecol. 2010; 62: 105-120.

9. Granger JP. Inflammatory cytokines, vascular function, and
hypertension. Am ] Physiol Regul Integr Comp Physiol. 2004; 286:
R989-990.

10.Lamarca B, Speed ], Ray LF, Cockrell K, Wallukat G, Dechend R, et
al. Hypertension in response to IL-6 during pregnancy: role of AT1-
receptor activation. Int | Infereron Cytokine Mediator Res. 2011;
2011: 65-70.

11.LaMarca BD, Ryan M], Gilbert ]S, Murphy SR, Granger JP. Inflammatory
cytokines in the pathophysiology of hypertension during preeclampsia.
Curr Hypertens Rep. 2007; 9: 480-485.

12.LaMarca BB, Cockrell K, Sullivan E, Bennett W, Granger JP. Role of
endothelin in mediating tumor necrosis factor-induced hypertension
in pregnant rats. Hypertension. 2005; 46: 82-86.

13.Murphy SR, LaMarca BB, Cockrell K, Granger JP. Role of endothelin in
mediating soluble fms-like tyrosine kinase 1-induced hypertension in
pregnant rats. Hypertension. 2010; 55: 394-398.

14.Murphy SR, LaMarca BB, Parrish M, Cockrell K, Granger JP. Control of
soluble fms-like tyrosine-1 (sFlt-1) production response to placental
ischemia/hypoxia: role of tumor necrosis factor-alpha. Am ] Physiol
Regul Integr Comp Physiol, 2013; 304L: 130-135.

15.Matsubara K, Matsubara Y, Hyodo S, Katayama T, Ito M. Role of nitric
oxide and reactive oxygen species in the pathogenesis of preeclampsia.
] Obstet Gynaecol Res. 2010; 36: 239-247.

16.Maynard SE, Min JY, Merchan ], Lim KH, Li ], Mondal S, et al. Excess
placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute
to endothelial dysfunction, hypertension, and proteinuria in
preeclampsia. ] Clin Invest. 2003; 111: 649-658.

17.Pimentel AM, Pereira NR, Costa CA, Mann GE, Cordeiro VS, de Moura
RS, et al. L-arginine-nitric oxide pathway and oxidative stress in
plasma and platelets of patients with pre-eclampsia. Hypertens Res.
2013; 36: 783-788.

18.Sandrim VC, Palei AC, Cavalli RC, Araujo FM, Ramos ES, Duarte G, et
al. eNOS haplotypes associated with gestational hypertension or
preeclampsia. Pharmacogenomics. 2008; 9: 1467-1473.

19.Altman D, Carroli G, Duley L, Farrell B, Moodley ], Neilson ], et al;
Magpie Trial Collaboration Group. Do women with pre-eclampsia, and
their babies, benefit from magnesium sulphate? The Magpie Trial: a
randomised placebo-controlled trial. Lancet. 2002; 359: 1877-1890.

20.Souza AS, Amorim MM, Coutinho IC, Lima MM, Noronha Neto C,
Figueroa ]N. Effect of the loading dose of magnesium sulfate (MgS04)

J Pharmacol Clin Toxicol 3(4): 1059 (2015)

3/4


http://www.ncbi.nlm.nih.gov/pubmed/16932375
http://www.ncbi.nlm.nih.gov/pubmed/16932375
http://www.ncbi.nlm.nih.gov/pubmed/16230510
http://www.ncbi.nlm.nih.gov/pubmed/16230510
http://www.ncbi.nlm.nih.gov/pubmed/15733721
http://www.ncbi.nlm.nih.gov/pubmed/15733721
http://www.ncbi.nlm.nih.gov/pubmed/18055511
http://www.ncbi.nlm.nih.gov/pubmed/18055511
http://www.ncbi.nlm.nih.gov/pubmed/18055511
http://www.ncbi.nlm.nih.gov/pubmed/18055511
http://www.ncbi.nlm.nih.gov/pubmed/16438753
http://www.ncbi.nlm.nih.gov/pubmed/16438753
http://www.ncbi.nlm.nih.gov/pubmed/16438753
http://www.ncbi.nlm.nih.gov/pubmed/23890192
http://www.ncbi.nlm.nih.gov/pubmed/23890192
http://www.ncbi.nlm.nih.gov/pubmed/9127646
http://www.ncbi.nlm.nih.gov/pubmed/9127646
http://www.ncbi.nlm.nih.gov/pubmed/20502423
http://www.ncbi.nlm.nih.gov/pubmed/20502423
http://www.ncbi.nlm.nih.gov/pubmed/20502423
http://www.ncbi.nlm.nih.gov/pubmed/15142853
http://www.ncbi.nlm.nih.gov/pubmed/15142853
http://www.ncbi.nlm.nih.gov/pubmed/15142853
http://www.ncbi.nlm.nih.gov/pubmed/23002372
http://www.ncbi.nlm.nih.gov/pubmed/23002372
http://www.ncbi.nlm.nih.gov/pubmed/23002372
http://www.ncbi.nlm.nih.gov/pubmed/23002372
http://www.ncbi.nlm.nih.gov/pubmed/18367011
http://www.ncbi.nlm.nih.gov/pubmed/18367011
http://www.ncbi.nlm.nih.gov/pubmed/18367011
http://www.ncbi.nlm.nih.gov/pubmed/15928030
http://www.ncbi.nlm.nih.gov/pubmed/15928030
http://www.ncbi.nlm.nih.gov/pubmed/15928030
http://www.ncbi.nlm.nih.gov/pubmed/20026766
http://www.ncbi.nlm.nih.gov/pubmed/20026766
http://www.ncbi.nlm.nih.gov/pubmed/20026766
http://www.ncbi.nlm.nih.gov/pubmed/23193111
http://www.ncbi.nlm.nih.gov/pubmed/23193111
http://www.ncbi.nlm.nih.gov/pubmed/23193111
http://www.ncbi.nlm.nih.gov/pubmed/23193111
http://www.ncbi.nlm.nih.gov/pubmed/20492372
http://www.ncbi.nlm.nih.gov/pubmed/20492372
http://www.ncbi.nlm.nih.gov/pubmed/20492372
http://www.ncbi.nlm.nih.gov/pubmed/12618519
http://www.ncbi.nlm.nih.gov/pubmed/12618519
http://www.ncbi.nlm.nih.gov/pubmed/12618519
http://www.ncbi.nlm.nih.gov/pubmed/12618519
http://www.ncbi.nlm.nih.gov/pubmed/23575380
http://www.ncbi.nlm.nih.gov/pubmed/23575380
http://www.ncbi.nlm.nih.gov/pubmed/23575380
http://www.ncbi.nlm.nih.gov/pubmed/23575380
http://www.ncbi.nlm.nih.gov/pubmed/18855535
http://www.ncbi.nlm.nih.gov/pubmed/18855535
http://www.ncbi.nlm.nih.gov/pubmed/18855535
http://www.ncbi.nlm.nih.gov/pubmed/12057549
http://www.ncbi.nlm.nih.gov/pubmed/12057549
http://www.ncbi.nlm.nih.gov/pubmed/12057549
http://www.ncbi.nlm.nih.gov/pubmed/12057549
http://www.ncbi.nlm.nih.gov/pubmed/19891531
http://www.ncbi.nlm.nih.gov/pubmed/19891531

LaMarca et al. (2015)
Email: bblamarca@umc.edu

@SCiMedCentra]

on the parameters of Doppler flow velocity in the uterine, umbilical
and middle cerebral arteries in severe preeclampsia. Hypertens
Pregnancy, 2010. 29: 123-134.

21.Duley L, Meher S, Jones L. Drugs for treatment of very high blood
pressure during pregnancy. Cochrane Database Syst Rev. 2013; 7.

22.Meis PJ. The role of 17 alpha-hydroxyprogesterone caproate in the
prevention of preterm birth. Womens Health (Lond Engl). 2006; 2:
819-824.

23.Merlob P, Stahl B, Klinger G. 171+ Hydroxyprogesterone caproate for
prevention of recurrent spontaneous preterm birth. Reprod Toxicol.
2012; 33: 15-19.

24.Sfakianaki AK, Norwitz ER. Mechanisms of progesterone action in
inhibiting prematurity. ] Matern Fetal Neonatal Med. 2006; 19: 763-
772.

25.Dodd JM, Jones L, Flenady V, Cincotta R, Crowther CA. Prenatal
administration of progesterone for preventing preterm birth in
women considered to be at risk of preterm birth. Cochrane Database
Syst Rev. 2013; 7.

26.Mathews TJ, Minifio AM, Osterman M], Strobino DM, Guyer B. Annual
summary of vital statistics: 2008. Pediatrics. 2011; 127: 146-157.

27.Beck S, Wojdyla D, Say L, Betran AP, Merialdi M, Requejo JH, et al.
The worldwide incidence of preterm birth: a systematic review of
maternal mortality and morbidity. Bull World Health Organ. 2010; 88:
31-38.

28.Statement on Makena [press release]. Silver Spring, M.U.D.o.H.a.H.S,,
Food and Drug Administration; March30,2011.

29. Combs CA, Garite T, Maurel K, Das A, Porto M; Obstetrix Collaborative
Research Network. Failure of 17-hydroxyprogesterone to reduce
neonatal morbidity or prolong triplet pregnancy: a double-blind,
randomized clinical trial. Am ] Obstet Gynecol. 2010. 203: 1-9.

30.Combs CA, Garite T, Maurel K, Das A, Porto M; Obstetrix Collaborative
Research Network. 17-hydroxyprogesterone caproate for twin
pregnancy: a double-blind, randomized clinical trial. Am ] Obstet
Gynecol. 2011; 204: 221.

31.Lim AC, Schuit E, Bloemenkamp K, Bernardus RE, Duvekot JJ, Erwich
JJ, et al. 17i+-hydroxyprogesterone caproate for the prevention of
adverse neonatal outcome in multiple pregnancies: a randomized
controlled trial. Obstet Gynecol. 2011; 118: 513-520.

32.Grobman WA, Thom EA, Spong CY, lams D, Saade GR, Mercer BM, et

al. 17 alpha-hydroxyprogesterone caproate to prevent prematurity in
nulliparas with cervical length less than 30 mm. Am ] Obstet Gynecol.
2012;207: 390.

33.Rozenberg P, Chauveaud A, Deruelle P, Capelle M, Winer N, Desbriere
R, et al. Prevention of preterm delivery after successful tocolysis
in preterm labor by 17 alpha-hydroxyprogesterone caproate: a
randomized controlled trial. Am ] Obstet Gynecol. 2012; 206: 1-9.

34.Meher S, Duley L. Progesterone for preventing pre-eclampsia and its
complications. Cochrane Database Syst Rev. 2006; 18.

35.Norman JE, Mackenzie F, Owen P, Mactier H, Hanretty K, Cooper S, et
al. Progesterone for the prevention of preterm birth in twin pregnancy
(STOPPIT): arandomised, double-blind, placebo-controlled study and
meta-analysis. Lancet. 2009; 373: 2034-2040.

36.Rouse D], Caritis SN, Peaceman AM, Sciscione A, Thom EA, Spong CY,
et al. A trial of 17 alpha-hydroxyprogesterone caproate to prevent
prematurity in twins. N Engl ] Med. 2007; 357: 454-461.

37.Keiser SD, Veillon EW, Parrish MR, Bennett W, Cockrell K, Fournier
L, et al. Effects of 17-hydroxyprogesterone on tumor necrosis factor-
alpha-induced hypertension during pregnancy. Am ] Hypertens. 2009;
22:1120-1125.

38.Amaral LM, Kiprono L, Cornelius DC, Shoemaker C, Wallace K, Moseley
], et al. Progesterone supplementation attenuates hypertension and
the autoantibody to the angiotensin II type I receptor in response to
elevated interleukin-6 during pregnancy. Am ] Obstet Gynecol. 2014;
211:158 e1-6.

39.Tam Tam KB, George E, Cockrell K, Arany M, Speed ], Martin JN Jr.
Endothelin type A receptor antagonist attenuates placental ischemia-
induced hypertension and uterine vascular resistance. Am ] Obstet
Gynecol. 2011; 204: 1-4.

40.Veillon EW Jr, Keiser SD, Parrish MR, Bennett W, Cockrell K, Ray LF,
et al. 17-Hydroxyprogesterone blunts the hypertensive response
associated with reductions in uterine perfusion pressure in pregnant
rats. Am ] Obstet Gynecol. 2009; 201: 324.

41.Kiprono LV, Wallace K, Moseley ], Martin ] Jr, Lamarca B. Progesterone
blunts vascular endothelial cell secretion of endothelin-1 in response
to placental ischemia. Am ] Obstet Gynecol. 2013; 209: 44.

42.Amaral LM, Cornelius DC, Harmon A, Moseley ], Martin JN Jr, LaMarca
B. 17-hydroxyprogesterone caproate significantly improves clinical
characteristics of preeclampsia in the reduced uterine perfusion
pressure rat model. Hypertension. 2015; 65: 225-231.

Cite this article

Amaral LM, LaMarca B (2015) 17-Hydroxyprogesterone Caproate as a Potential Therapeutic to Add to the Management of Preeclampsia. J Pharmacol Clin Toxicol

3(4):1059.

J Pharmacol Clin Toxicol 3(4): 1059 (2015)

4/4


http://www.ncbi.nlm.nih.gov/pubmed/19891531
http://www.ncbi.nlm.nih.gov/pubmed/19891531
http://www.ncbi.nlm.nih.gov/pubmed/19891531
http://www.ncbi.nlm.nih.gov/pubmed/23900968
http://www.ncbi.nlm.nih.gov/pubmed/23900968
http://www.ncbi.nlm.nih.gov/pubmed/19803999
http://www.ncbi.nlm.nih.gov/pubmed/19803999
http://www.ncbi.nlm.nih.gov/pubmed/19803999
http://www.ncbi.nlm.nih.gov/pubmed/22120850
http://www.ncbi.nlm.nih.gov/pubmed/22120850
http://www.ncbi.nlm.nih.gov/pubmed/22120850
http://www.ncbi.nlm.nih.gov/pubmed/17190686
http://www.ncbi.nlm.nih.gov/pubmed/17190686
http://www.ncbi.nlm.nih.gov/pubmed/17190686
http://www.ncbi.nlm.nih.gov/pubmed/23903965
http://www.ncbi.nlm.nih.gov/pubmed/23903965
http://www.ncbi.nlm.nih.gov/pubmed/23903965
http://www.ncbi.nlm.nih.gov/pubmed/23903965
http://www.ncbi.nlm.nih.gov/pubmed/21173001
http://www.ncbi.nlm.nih.gov/pubmed/21173001
http://www.ncbi.nlm.nih.gov/pubmed/20428351
http://www.ncbi.nlm.nih.gov/pubmed/20428351
http://www.ncbi.nlm.nih.gov/pubmed/20428351
http://www.ncbi.nlm.nih.gov/pubmed/20428351
http://www.ncbi.nlm.nih.gov/pubmed/20816146
http://www.ncbi.nlm.nih.gov/pubmed/20816146
http://www.ncbi.nlm.nih.gov/pubmed/20816146
http://www.ncbi.nlm.nih.gov/pubmed/20816146
http://www.ncbi.nlm.nih.gov/pubmed/21376161
http://www.ncbi.nlm.nih.gov/pubmed/21376161
http://www.ncbi.nlm.nih.gov/pubmed/21376161
http://www.ncbi.nlm.nih.gov/pubmed/21376161
http://www.ncbi.nlm.nih.gov/pubmed/21860279
http://www.ncbi.nlm.nih.gov/pubmed/21860279
http://www.ncbi.nlm.nih.gov/pubmed/21860279
http://www.ncbi.nlm.nih.gov/pubmed/21860279
http://www.ncbi.nlm.nih.gov/pubmed/23010094
http://www.ncbi.nlm.nih.gov/pubmed/23010094
http://www.ncbi.nlm.nih.gov/pubmed/23010094
http://www.ncbi.nlm.nih.gov/pubmed/23010094
http://www.ncbi.nlm.nih.gov/pubmed/22381603
http://www.ncbi.nlm.nih.gov/pubmed/22381603
http://www.ncbi.nlm.nih.gov/pubmed/22381603
http://www.ncbi.nlm.nih.gov/pubmed/22381603
http://www.ncbi.nlm.nih.gov/pubmed/17054277
http://www.ncbi.nlm.nih.gov/pubmed/17054277
http://www.ncbi.nlm.nih.gov/pubmed/19523680
http://www.ncbi.nlm.nih.gov/pubmed/19523680
http://www.ncbi.nlm.nih.gov/pubmed/19523680
http://www.ncbi.nlm.nih.gov/pubmed/19523680
http://www.ncbi.nlm.nih.gov/pubmed/17671253
http://www.ncbi.nlm.nih.gov/pubmed/17671253
http://www.ncbi.nlm.nih.gov/pubmed/17671253
http://www.ncbi.nlm.nih.gov/pubmed/19745821
http://www.ncbi.nlm.nih.gov/pubmed/19745821
http://www.ncbi.nlm.nih.gov/pubmed/19745821
http://www.ncbi.nlm.nih.gov/pubmed/19745821
http://www.ncbi.nlm.nih.gov/pubmed/24548847
http://www.ncbi.nlm.nih.gov/pubmed/24548847
http://www.ncbi.nlm.nih.gov/pubmed/24548847
http://www.ncbi.nlm.nih.gov/pubmed/24548847
http://www.ncbi.nlm.nih.gov/pubmed/24548847
http://www.ncbi.nlm.nih.gov/pubmed/21458623
http://www.ncbi.nlm.nih.gov/pubmed/21458623
http://www.ncbi.nlm.nih.gov/pubmed/21458623
http://www.ncbi.nlm.nih.gov/pubmed/21458623
http://www.ncbi.nlm.nih.gov/pubmed/19733289
http://www.ncbi.nlm.nih.gov/pubmed/19733289
http://www.ncbi.nlm.nih.gov/pubmed/19733289
http://www.ncbi.nlm.nih.gov/pubmed/19733289
http://www.ncbi.nlm.nih.gov/pubmed/23545163
http://www.ncbi.nlm.nih.gov/pubmed/23545163
http://www.ncbi.nlm.nih.gov/pubmed/23545163
http://www.ncbi.nlm.nih.gov/pubmed/25368030
http://www.ncbi.nlm.nih.gov/pubmed/25368030
http://www.ncbi.nlm.nih.gov/pubmed/25368030
http://www.ncbi.nlm.nih.gov/pubmed/25368030

	17-Hydroxyprogesterone Caproate as a Potential Therapeutic to Add to the Management of Preeclampsia
	Abstract
	Abbreviations
	Introduction
	Pathophysiology of preeclampsia
	Current obstetrical uses for 17-OHPC 
	Effects of 17- hydroxyprogesterone caproate on rat models of preeclampsia

	Conclusion
	References
	Figure 1

