Steroid Hormone Delivery

· Need 10mg testosterone sublingual tid to equal 24hr AUC T levels of 200mg/ml TE IM q 20 days.  Implicates need for at least 20mg tid for youthful levels.

· 200mg hydrocortisone  rectally gives serum levels of 4000nmol/l at 1 hour, 1000nmol/l at 4 hrs, AM reference range is 140-690nmol/l (Newrick 1990). Replacement dose may be a 40mg suppos. in AM and a 20mg suppos. in PM and possibly less.

· Shifren 2007-transdermal estradiol has minimal effect on other serum hormones and their binding proteins, unlike oral estrogens.

· Munro 1976 depot ACTH self-injection for ezcema

Aalto-Korte K, Turpeinen M. Quantifying systemic absorption of topical hydrocortisone in erythroderma. Br J Dermatol. 1995 Sep;133(3):403-8.

The systemic absorption of topical hydrocortisone (HC) was quantified in seven patients with erythroderma, using the ratio of the areas under the curves for plasma concentration vs. time, following topical and intravenous administration. Over a period of 24 h, 19-93 mg of HC was absorbed systemically, corresponding to 4-19% of the total topical dose of 500 mg. Thus, topical HC therapy of erythroderma is accompanied by a pharmacologically significant systemic dose.
Ahmed SR, Boucher AE, Manni A, Santen RJ, Bartholomew M, Demers LM. Transdermal testosterone therapy in the treatment of male hypogonadism.  J Clin Endocrinol Metab. 1988 Mar;66(3):546-51. 


Five hypogonadal men were treated with transdermal testosterone therapy, using a testosterone patch applied to the scrotal skin. Daily application of the patch, which contained 10 mg testosterone, produced an increase in serum testosterone concentrations from a pretreatment value of 45 +/- 12 (+/- SE; 1.5 +/- 0.4) to 436 +/- 80 ng/dL (15.1 +/- 2.8 nmol/L; P less than 0.001) after 4 weeks of treatment. Normal serum testosterone concentrations were achieved in all men after 6-8 weeks of therapy and were maintained during continued long term therapy for 9-12 months with a patch containing 15 mg testosterone. All men reported a subjective increase in libido and sexual function during therapy, and three men preferred it to testosterone injections. The serum testosterone and estradiol levels did not rise above the normal adult male range at any time during therapy. However, elevated serum dihydrotestosterone (DHT) concentrations occurred during treatment; the pretreatment DHT concentration was 95 +/- 3 ng/dL (3.3 +/- 0.1 nmol/L), and it increased to 228 +/- 40 ng/dL (7.8 +/- 1.4 nmol/L) after 4 weeks of treatment and remained elevated thereafter. The individual mean DHT to testosterone ratio increased from a pretreatment value of 0.2 (range, 0.1-0.3) to 0.6 (range, 0.4-0.7) after 2 weeks of therapy and remained high thereafter. Comparison of the serum DHT levels in patients during therapy with those in normal men who had similar testosterone concentrations [531 +/- 62 vs. 566 +/- 72 ng/dL (18.4 +/- 2.1 vs. 19.6 +/- 2.5 nmol/L); P greater than 0.05] revealed that the mean serum DHT concentration was significantly higher in the patients [315 +/- 69 vs. 87 +/- 6 ng/dL (10.8 +/- 2.4 vs. 2.9 +/- 0.2 nmol/L); P less than 0.001], as was the mean DHT to testosterone ratio [0.6 (range, 0.25- 1.1) vs. 0.16 (range, 0.09- 0.24); P less than 0.001]. The high serum DHT levels presumably were due to increased metabolism of testosterone to DHT by the 5 alpha-reductase in the scrotal skin. Serum 3 alpha-androstanediol glucuronide levels were not elevated in the patients. We conclude that transdermal testosterone therapy is an effective long term treatment for hypogonadism in men. It is, however, associated with high serum DHT levels, whose potential long term effects on the prostate and other tissues need to be investigated.

Bals-Pratsch M, Langer K, Place VA, Nieschlag E. Substitution therapy of hypogonadal men with transdermal testosterone over one year. Acta Endocrinol (Copenh). 1988 May;118(1):7-13. 


Current testosterone substitution therapy either by injectable or oral testosterone esters suffers from markedly fluctuating serum testosterone levels often far above or below the physiological range. Recently, a transdermal therapeutic system (TTS) for the delivery of testosterone was developed which, when applied to the scrotum, provides smooth serum testosterone levels. Here we report results from seven hypogonadal men treated with the TTS for 14 months by applying a new patch every day. In all patients serum testosterone and dihydrotestosterone (DHT) determined 3-5 h after applying a new patch increased significantly and remained within the physiological range during the entire treatment period. The DHT/testosterone ratio remained constant. In 4 of these patients and 2 others under TTS treatment serum testosterone and DHT were also determined over a 24-h period at regular intervals. In these patients serum testosterone levels in the physiological range were seen during the entire observation period, whereas an increase in the DHT/testosterone ratio occurred towards the end of the one-day treatment phase. All patients in the 14-month treatment study were clinically well substituted and responded with good compliance. Clinical chemistry showed no abnormalities during treatment. Thus, the TTS appears to be an effective and safe new modality for the treatment of male hypogonadism.

Behre HM, von Eckardstein S, Kliesch S, Nieschlag E. Long-term substitution therapy of hypogonadal men with transscrotal testosterone over 7-10 years. Clin Endocrinol (Oxf). 1999 May;50(5):629-35. 


OBJECTIVE: Testosterone (T) substitution of hypogonadal men by conventional intramuscular injection of T esters is not considered optimal because it induces unphysiologically fluctuating serum T levels. In contrast, scrotal T patches produce normal serum (T) levels mimicking diurnal variations. In order to assess the quality of this new form of T substitution we followed hypogonadal men treated by transdermal T up to 10 years. PATIENTS: Eleven men aged 35.9 +/- 9.8 years (mean +/- SD) at the beginning of the study were treated with transscrotal T patches (Testoderm) because of primary (n = 4) or secondary (n = 7) hypogonadism. Clinical examinations were performed every 3 months during the first 5 years and every 6 months thereafter. All 11 patients were seen for 7 years and some for longer periods: eight for 8 years, six for 9 years and four for 10 years. MEASUREMENTS AND RESULTS: With daily application of one patch T levels rose from 5.3 +/- 1.3 nmol/l (mean +/- SE) to 16.7 +/- 2.6 nmol/l at month 3 and remained in the normal range throughout treatment. Serum 5 alpha-dihydrotestosterone (DHT) rose from 1.3 +/- 0.4 nmol/l to 3.9 +/- 1.4 nmol/l and oestradiol from 52.3 +/- 9.3 to 71.3 +/- 9.6 pmol/l and remained stable without significant variations throughout the observation period. Patients reported absence of local side-effects except for occasional itching. No relevant changes occurred in clinical chemistry, including total cholesterol levels and triglycerides. Haemoglobin and erythrocyte counts remained normal. Bone density measured by QCT increased slightly from 113.6 +/- 5.4 to 129.7 +/- 9.3 mg/cm3 during the observation period (P = 0.028). In the nine patients aged < 50 years prostate volumes showed a small but insignificant increase from 16.8 +/- 1.5 to 18.8 +/- 2.1 ml during transscrotal T therapy. In the two older patients prostate volume remained constant or decreased slightly during T therapy after an initial increase in the previously untreated patient. Prostate specific antigen levels were constantly low in all patients. CONCLUSION: Transscrotal testosterone patches are well-accepted and safe in long-term testosterone substitution therapy for male hypogonadism.

Buster  JE. Transdermal  menopausal hormone therapy: delivery through skin changes the rules. Expert Opin Pharmacother. 2010 Jun;11(9):1489-99.

IMPORTANCE  TO THE FIELD: Transdermal hormone therapy is replacing oral estrogens  and androgens as safe enhancements of life quality for postmenopausal women. Estradiol and testosterone are dosed into the microvascular  circulation directly through skin so there is no first-pass hepatic  transformation or deactivation of the dosed estradiol or testosterone.  AREAS COVERED IN THIS REVIEW: This review critically examines recent  clinical trials describing experience with transdermal estradiol and  testosterone in postmenopausal women. Transdermal estradiol is effective  in the treatment of vasomotor symptoms (VMS) and can provide its  benefits at higher levels of safety than have been heretofore possible  with oral estrogens. Transdermal testosterone is effective in the  treatment of hypoactive sexual desire disorder (HSDD) documented in multiple, well-powered randomized clinical trials with demonstrated high  levels of safety. WHAT THE READER WILL GAIN: The reader will learn that  transdermal estradiol and testosterone, in properly selected  postmenopausal women, significantly and safely enhance life quality, are  likely to become increasingly popular, and will probably replace oral  hormone therapy. TAKE HOME MESSAGE: Transdermal delivery of native  estradiol for VMS and testosterone for HSDD has significant advantages  in safety and efficacy over traditional oral preparations which are now  available for clinical use. PMID: 20426703

Carg DC, Weidler DJ, Sakmar E, Albert KS, Wagner JG. Suppression of plasma hydrocortisone levels. A poor estimate of rectal absorption of glucocorticoids. Pharmacology. 1980;21(1):38-42.

The relative degree of absorption of methylprednisolone acetate when administered by the rectal and oral routes was studied in 12 normal male subjects. The plasma samples were assayed for methylprednisolone and endogenous hydrocortisone concentrations. After the administration of equal doses of methylprednisolone acetate by the rectal and oral routes, the plasma hydrocortisone levels were not significantly different from each other; but the plasma concentrations of methylprednisolone were significantly lower after rectal administration than after oral administration. We conclude that the practice of utilizing the degree of suppression of endogenous hydrocortisone levels as an indicator of the extent of absorption of rectally administered glucocorticoids is inappropriate.

Chu MC, Cosper P, Nakhuda GS, Lobo RA.  A comparison of oral and transdermal short-term estrogen therapy in postmenopausal women with metabolic syndrome. Fertil Steril. 2006 Dec;86(6):1669-75. 

OBJECTIVE: To determine whether it would be preferable to prescribe oral or transdermal estrogen to symptomatic postmenopausal women with metabolic syndrome (MBS). DESIGN: Prospective, randomized study. SETTING: Academic medical center. PATIENT(S): Fifty obese postmenopausal women with MBS. INTERVENTION(S): Women were randomized to receive either oral E(2) (oE(2), 1 mg/d) or transdermal E(2) (tE(2), 0.05 mg/d) for 3 months. Fasting blood was obtained before and after treatment for glucose, insulin, lipid profiles, the adipocytokines (adiponectin, leptin, and resistin), and a gastric peptide (ghrelin). In addition, a 75-g 2-hour oral glucose-tolerance and intravenous insulin-tolerance tests were performed before and after E(2). MAIN OUTCOME MEASURE(S): Changes in parameters of insulin resistance (IR), lipid profiles, and adipocytokine levels. RESULT(S): Mean serum concentrations of E(2) in women using oE(2) and tE(2) were 39.1 +/- 5.6 and 49.2 +/- 28.6 pg/mL, respectively. After oE(2), there was a statistically significant worsening of IR markers, including an increase in baseline insulin (15.28 +/- 1.27 to 22.02 +/- 2.40 microU/mL), a reduction in quantitative insulin-sensitivity check index (0.3177 +/- 0.0043 to 0.2977 +/- 0.0057), and an increase in homeostasis model assessment (3.96 +/- 0.38 to 8.59 +/- 2.08). The only significant change in the lipid profile was an increase in high-density-lipoprotein cholesterol (50.46 +/- 2.34 vs. 55.08 +/- 2.51 mg/dL). Leptin levels increased (81.43 +/- 7.87 ng/mL to 94.10 +/- 6.56 ng/mL), and adiponectin decreased nonsignificantly, resulting in an increased leptin-adiponectin ratio (12.56 +/- 1.70 to 15.86 +/- 2.24); resistin levels increased (9.37 +/- 1.09 ng/mL to 11.72 +/- 1.10 ng/mL); and baseline ghrelin levels decreased (701.64 +/- 59.79 pg/mL to 581.72 +/- 36.07 pg/mL). After tE(2), no significant changes in IR parameters occurred, except for a decrease in glucose-insulin ratio. There were no changes in lipid parameters. Leptin did not change (72.7 +/- 9.3 ng/mL to 78.8 +/- 7.9 ng/mL), whereas adiponectin levels showed statistically significant increase (7.97 +/- 0.7 microg/mL vs. 9.96 +/- 1.1 microg/mL), with no change in the leptin-adiponectin ratio. Resistin levels did not change significantly, and ghrelin levels decreased (888.52 +/- 109.98 pg/mL vs. 579.04 +/- 39.30 pg/mL). CONCLUSION(S): This short-term study suggests that oral E(2) may worsen IR and adipocytokine parameters, worsening cardiovascular risk. Transdermal E(2) had minimal effects on IR and resulted in higher adiponectin. Although these data may not reflect alterations that occur with estrogen therapy in more metabolically normal postmenopausal women or with longer term therapy, the findings suggest that tE(2) may be a preferable treatment for obese women with MBS. Long-term studies are needed to make any recommendations.

Cicinelli E, de Ziegler D, Galantino P, Pinto V, Barba B, Morgese S, Schonauer S.  Twice-weekly transdermal estradiol and vaginal progesterone as continuous combined hormone replacement therapy in postmenopausal women: a 1-year prospective study. Am J Obstet Gynecol. 2002 Sep;187(3):556-60.


OBJECTIVE: The purpose of this study was to evaluate the acceptability and endometrial safety of a twice-weekly administration of transdermal estradiol (0.05 mg) systems and vaginal progesterone gel (Crinone [Serono, Rome, Italy] 4%, 45 mg/d) as a continuous combined nonoral hormone replacement therapy regimen. STUDY DESIGN: Thirty-five postmenopausal women took part in this 1-year prospective observational trial. The bleeding pattern, blood pressure, weight, endometrial thickness, and endometrial histologic characteristics of the women were monitored. Mean values were compared before and after treatment by paired Student t tests. RESULTS: Twenty-six (74.3%) women completed the study and were totally amenorrheic. A total of 350 cycles yielded valuable data. Of these, 287 (82%) cycles were amenorrheic. At month 3, blood pressure and weight decreased significantly. At final assessment,) endometrial thickness was significantly greater than baseline (4.6 +/- 0.9 vs 3.6 +/- 0.9 mm; P <.0005), and histologic examination revealed endometrial atrophy in 24 (92.3%) cases and signs of decidualization in 2 cases. CONCLUSION: Transdermal estradiol and a twice-weekly administration of the vaginal progesterone gel Crinone constitutes a new, viable hormone replacement therapy regimen. It represents a practical option for a no-bleed treatment, ensuring both high endometrial protection and the inherent safety linked to administrating physiologic hormones nonorally.

Crook D. The metabolic consequences of treating postmenopausal women with non-oral hormone replacement therapy. Br J Obstet Gynaecol. 1997 Nov;104 Suppl 16:4-13.

OBJECTIVE: To define the metabolic profile of postmenopausal hormone replacement therapies when delivered through gels, patches, implants or other non-oral routes. Such information may be useful in the absence of reliable clinical data on the effects of these therapies on the risk of cardiovascular disease. DESIGN AND METHODS: Selective literature review. PATIENTS: Postmenopausal women. RESULTS: Non-oral oestrogen therapies fail to invoke the hepatic response associated with oral therapy. Changes in hepatic protein synthesis are minimal and so plasma levels of binding globulins and other proteins tend to be normal. Many of the perturbations of the haemostatic system seen with oral therapy are avoided. In the absence of hepatic over-synthesis of apolipoproteins, plasma lipoprotein levels are unchanged or reduced. The direct effects of oestrogen on vascular function are apparent when the hormone is administered non-orally. CONCLUSIONS: The net effect of non-oral estrogen therapies on the risk of cardiovascular disease is difficult to predict on the basis of current data. Some changes in plasma lipoprotein levels, such as the reduced fasting levels of triglycerides, would be considered desirable, but the cardioprotective increase in levels of high-density lipoproteins is absent. The differential effect on haemostasis markers is promising, but preliminary data relating to transdermal patches fail to support the idea that non-oral therapies will avoid the increased risk of venous thromboembolism associated with oral therapy. The ability of non-oral therapies to improve vascular function implies that they will offer postmenopausal women at least some of the cardiovascular protection seen with oral therapy.

Cunningham GR, Cordero E, Thornby JI. Testosterone replacement with transdermal therapeutic systems. Physiological serum testosterone and elevated dihydrotestosterone levels. JAMA. 1989 May 5;261(17):2525-30. 

Testosterone was administered transdermally to hypogonadal men under three protocols. In the first protocol, it was shown that peak levels of testosterone were achieved three to eight hours after scrotal application of a transdermal therapeutic system containing 5, 10, or 15 mg of testosterone, and values at 22 hours were greater than 60% of peak values. In the second protocol, patients were treated with 10-mg systems for four weeks followed by 15-mg systems for eight weeks. Serum samples were obtained three to five hours after application of the transdermal therapeutic system. Testosterone increased from a pretreatment level (mean +/- SE) of 1.5 +/- 0.4 nmol/L to 15.2 +/- 3.4 nmol/L at four weeks, 18.6 +/- 3.3 nmol/L at eight weeks, and 17.3 +/- 2.8 nmol/L at 12 weeks. The serum testosterone/dihydrotestosterone (DHT) ratio fell from 4.53 to 2.47 at four weeks and was similar at eight and 12 weeks, reflecting a greater rise in DHT with this route of treatment (normal testosterone/DHT ratio, 9/1 to 12/1). Eight patients were treated with the 15-mg systems for an additional year. Seven of the eight were compliant and maintained serum testosterone levels (at six time points from two to 12 months [mean +/- SE] ) ranging from 11.5 +/- 1.2 to 44.9 +/- 2.4 nmol/L. It was possible to achieve physiological serum levels of testosterone by transdermal administration of testosterone in two thirds of our hypogonadal men.

Ehrentreich-Forster E, Scheller FW, Bier FF. Detection of progesterone in whole blood samples. Biosens Bioelectron. 2003 Apr;18(4):375-80. 


The progesterone concentration in blood samples can be utilised as a marker for the diagnosis of early pregnancy, endocrinopathy and virilism. Here, we describe a method for progesterone detection and measurement in whole blood samples by a surface sensitive biosensor used in conjunction with an integrated optical grating coupler. This device determines refractive index changes near the biosensor's surface. Hence, biological species bound to a surface layer can be measured in real-time without any label. For the measurements, we have modified the indirect competitive immunoassay principle. The concentration of the progesterone antibody was kept at 1 microg/ml. Progesterone concentration was determined in buffer solution and whole blood in a range between 0.005 and 10 ng/ml. The detection limit was determined to be 3 pM. The relative standard deviation was calculated to be 3.5%. Copyright 2002 Elsevier Science B.V.

Greenspan M.B., Chang C.M.  Stable testosterone levels achieved with subcutaneous testosterone injections.  5th World Congress on the Aging Male, The Aging Male, March 2006; 9:1-70.
Objectives: The preferred technique of androgen replacement has been intramuscular (IM) testosterone, but wide variations in testosterone levels are often seen. Subcutaneous (SC) testosterone injection is a novel approach; however, its physiological effects are unclear. We therefore investigated the sustainability of stable testosterone levels using SC therapy. Patients and methods: Between May and September 2005, we conducted a small pilot study involving 10 male patients with symptomatic late-onset hypogonadism. Every patient had been stable on TE 200 mg IM for >1 year. Patients were instructed to self-inject with testosterone enanthate (TE) 100 mg SC (DELATESTRYL200 mg/cc, Theramed Corp, Canada) into the anterior abdomen once weekly. Some patients were down-titrated to 50 mg based on their total testosterone (T) at 4 weeks. Informed consent was obtained as SC testosterone administration is not officially approved by Health Canada. T levels were measured before and 24 hours after injection during weeks 1, 2, 3, and 4, and 96 hours after injection in week 6 and 8. At week 12, PSA, CBC, and T levels were measured however; the week 12 data are still being collected. Results: Prior to initiation of SC therapy, T was 19.14+3.48 nmol/l, hemoglobin 15.8+1.3 g/dl, hematocrit0.47+0.02, and PSA 1.05+0.65 ng/ml. During the first 4 weeks, there was a steady increase in pre-injection T from 19.14+3.48 to 23.89+9.15 nmol/l(p¼0.1). However, after 8 weeks the post-injection T (25.77+7.67 nmol/l) remained similar to that of week 1 (27.46+12.91 nmol/l). Patients tolerated this therapy with no adverse effects. Conclusions: A once-week SC injection of 50–100 mg of TE appears to achieve sustainable and stable levels of physiological T. This technique offers fewer physician visits and the use of smaller quantity of medication, thus lower costs. However, the long term clinical and physiological effects of this therapy need further evaluation.

Hammes A, Andreassen TK, Spoelgen R, Raila J, Hubner N, Schulz H, Metzger J, Schweigert FJ, Luppa PB, Nykjaer A, Willnow TE. Role of endocytosis in cellular uptake of sex steroids. Cell. 2005 Sep 9;122(5):751-62. 


Androgens and estrogens are transported bound to the sex hormone binding globulin (SHBG). SHBG is believed to keep sex steroids inactive and to control the amount of free hormones that enter cells by passive diffusion. Contrary to the free hormone hypothesis, we demonstrate that megalin, an endocytic receptor in reproductive tissues, acts as a pathway for cellular uptake of biologically active androgens and estrogens bound to SHBG. In line with this function, lack of receptor expression in megalin knockout mice results in impaired descent of the testes into the scrotum in males and blockade of vagina opening in females. Both processes are critically dependent on sex-steroid signaling, and similar defects are seen in animals treated with androgen- or estrogen-receptor antagonists. Thus, our findings uncover the existence of endocytic pathways for protein bound androgens and estrogens and their crucial role in development of the reproductive organs.

Heazelwood VJ, Galligan JP, Cannell GR, Bochner F, Mortimer RH. Plasma cortisol delivery from oral cortisol and cortisone acetate: relative bioavailability. Br J Clin Pharmacol. 1984 Jan;17(1):55-9.

Plasma cortisol levels were measured before and for 6 h after the intravenous injection of 50 mg cortisol as sodium succinate and oral administration of 50 mg cortisol and 50 mg cortisone acetate in 10 subjects with primary or secondary adrenal failure and in two normal volunteers. Peak cortisol levels of 1518 +/- 190 nmol 1(-1) (mean +/- s.e. mean) and 739 +/- 74 nmol 1(-1) were found 1.46 +/- 0.25 and 1.79 +/- 0.16 h after oral cortisol and cortisone acetate respectively. The relative bioavailability of oral cortisol and cortisone acetate varied widely (cortisol 26-91%, mean 54 +/- 6.9%, cortisone acetate 21-95%, mean 44 +/- 6.5%) but despite this wide variation there was, in individual subjects, a highly significant correlation between the bioavailability of the two steroids (r = 0.870, P less than 0.001). This suggests that the wide interindividual variations in plasma cortisol levels seen after oral cortisone acetate are not related to variations in bioconversion of cortisone. PMID: 6691888

Hiramatsu R, Nisula BC. Uptake of erythrocyte-associated component of blood testosterone and corticosterone to rat brain. J Steroid Biochem Mol Biol. 1991 Mar;38(3):383-7. 

To study transport of steroids by erythrocytes, the tissue uptake of erythrocyte-associated testosterone and corticosterone was studied in vivo using a single injection technique into the carotid artery of rats. A brain uptake index (BUI) was calculated by dividing the ratio of [3H]steroid to [14C]butanol (internal reference) in the brain tissue by that in the injection material, and multiplying by 100%. BUIs of testosterone and corticosterone in an erythrocyte suspension were 131 +/- 3% (mean +/- SE, n = 6) and 57.0 +/- 2.7% (n = 6), respectively, which were greater than those in buffer (100 +/- 4%; n = 4, P less than 0.01 and 39.8 +/- 4.6%; n = 4, P less than 0.01, respectively). The erythrocyte accounted for 83.9% and 76.7% of the total testosterone and corticosterone delivered to the tissues, respectively, when calculated on the assumption that the BUIs of steroid in buffer and in the supernatant of an erythrocyte suspension are the same. BUIs of corticosterone in hemolysate and in a suspension of erythrocyte plasma membranes (60.8 +/- 7.0%; n = 4 and 69.5 +/- 3.7%; n = 4, respectively) were also greater than those in buffer (P less than 0.05 and P less than 0.01, respectively). Our results suggest that the erythrocyte-associated component of testosterone and corticosterone are delivered to the tissue of rat brain, and that their membranes may play a major role in their capacity to transport steroids to the tissues.

Koefoed P, Brahm J. The permeability of the human red cell membrane to steroid sex hormones. Biochim Biophys Acta. 1994 Oct 12;1195(1):55-62. 


The release rates of the 3H-labeled steroid sex hormones estrone, estradiol, estriol, progesterone, and testosterone from the human red blood cell and resealed red cell ghosts were studied at 38 degrees C and pH 7.2 by means of the rapid continuous flow tube method which has a time resolution of a few milliseconds. Further, the equilibria between unbound hormone and hormone bound to red cells, resealed red cell ghosts and albumin were studied by partitioning analysis of trace amounts of labeled hormones. The half-times for release from erythrocytes under physiological conditions ranged from 4 ms (testosterone) to 150 ms (estriol). The release from ghosts was significantly faster than from cells preincubated with hormones at unphysiological high concentrations. Affinities of hormone binding to cells and hormone indicate that as much as 15-35% of the total hormone content in whole blood is confined to red cells. The ratio between bound and free hormone in the cell ranged from 5 to 10, and the ratio between cytoplasma-bound and membrane-bound hormone ranged between 3 and 9. The results are compatible with a model of fast transition of hormone through the red cell membrane and intracellular binding of hormone. We suggest that red cells function as carriers of sex hormones in the bloodstream in a manner similar to that of albumin, and that red cells may be responsible for 5-15% of sex hormone delivery to target tissues.

Lin BC, Scanlan TS. Few Things in Life are "Free": Cellular Uptake of Steroid Hormones by an Active Transport Mechanism. Mol Interv. 2005 Dec;5(6):338-40. 


Conventional dogma holds that steroid hormones traverse cell membranes passively, owing to their lipophilic nature. The recently characterized protein megalin, however, functions as a transport protein on cell surfaces to carry steroids across the plasma membrane. Upon hydrolysis of steroid-associated binding globulins in lysosomes, free hormone is liberated and may exert its effects in the cell. Megalin-independent mechanisms of steroid uptake are likely important too, as the phenotypes of megalin-deficient mice do not completely mimic the phenotypes of androgen receptor- or estrogen receptor-null mice.

Løvås K, Husebye ES. Continuous subcutaneous hydrocortisone infusion in Addison's disease. Eur J Endocrinol. 2007 Jul;157(1):109-12.

OBJECTIVE: The conventional replacement therapy in Addison's disease (AD) does not restore the normal diurnal cortisol rhythm. We explored the feasibility and safety of continuous s.c. hydrocortisone infusion (CSHI) as a novel mode of glucocorticoid replacement therapy. DESIGN AND METHODS: Seven patients with AD were treated with CSHI in an open-labelled clinical study for up to three months. Adequacy of glucocorticoid replacement was assessed by 24 h blood and saliva sampling in one patient and by salivary cortisol day curves in six outpatients. Subjective health status was monitored by the Short Form-36 questionnaire. RESULTS: CSHI re-established the circadian variation and normal levels of cortisol in the patients, with minor day-to-day variation. Most of the patients could reduce their glucocorticoid dose considerably without adverse reactions. The treatment was well tolerated and positively evaluated by the patients. CONCLUSIONS: CSHI is technically feasible and safe in patients with AD. A daily dose of approximately 10 mg/m(2) body surface area/day restores the circadian variation and normal levels of salivary cortisol in most patients, which is close to the estimated daily requirement. We hypothesise that selected patients will benefit from restoration of the circadian cortisol rhythm.

Lucky AW, Grote GD, Williams JL, Tuley MR, Czernielewski JM, Dolak TM, Herndon JH, Baker MD. Effect of desonide ointment, 0.05%, on the hypothalamic-pituitary-adrenal axis of children with atopic dermatitis. Cutis. 1997 Mar;59(3):151-3.


Desonide ointment has demonstrated a good safety and efficacy profile during the many years it has been used in treating dermatoses. However, there have been no controlled clinical trials to evaluate its systemic safety when used in treating children. Suppression of the hypothalamic-pituitary-adrenal (HPA) axis can occur after repeated application of topical corticosteroids. In general, the degree of suppression of the HPA axis function is related to the daily dosage of steroid given, the duration of its administration, the extent of body surface covered, and the potency of the corticosteroid. This study sought to determine the comparative effects of 0.05 percent desonide and 2.5 percent hydrocortisone ointments on the HPA axis of children with atopic dermatitis. (3g/day-75mg hydrocortisone-HHL)  There was no suppression of early morning cortisol in either treatment group. The ACTH-stimulated mean cortisol values after four weeks of treatment were not significantly different from the baseline values for either treatment group. We conclude that neither 0.05 percent desonide ointment nor 2.5 percent hydrocortisone ointment compromised the HPA axis of children with atopic dermatitis treated topically for four weeks.

Mazer N, Bell D, Wu J, Fischer J, Cosgrove M, Eilers B; BS, RN,. Comparison of the steady-state pharmacokinetics, metabolism, and variability of a transdermal testosterone patch versus a transdermal testosterone gel in hypogonadal men. J Sex Med. 2005 Mar;2(2):213-26.
   

AIM: To compare the pharmacokinetics (PK), metabolism, intra- and inter-subject variability of a permeation-enhanced testosterone patch versus a topical testosterone gel. METHODS: 28 hypogonadal men were treated with a testosterone patch (5 mg/day applied at 2200 h) and a 1% testosterone gel (5 g/day applied at 0800 h; nominal delivery 5 mg/day), each for 14 days, in an open-label crossover design. PK profiles of total testosterone (TT) and calculated free testosterone (cFT) were measured on day 7 and day 14 of each treatment, with patches or gel applied to the abdomen; dihydrotestosterone (DHT) and estradiol (E2) profiles were measured on day 14. The time-average (Cavg), maximum (Cmax), time of maximum (Tmax) and minimum concentrations (Cmin) were derived from each profile. The intra- and inter-subject coefficients of variation (CVintra and CVinter) of the TT and cFT parameters were computed by ANOVA. RESULTS: Nightly applications of the patch produced a mean TT profile that mimicked the circadian pattern of healthy men. Morning applications of the gel produced a flatter mean profile; though individual subjects exhibited significant peaks at variable times. For TT, the mean and 90% confidence intervals of the patch/gel ratio of Cavg (1.030; 0.936-1.133; P > 0.05) and Cmax (1.086; 0.974-1.211; P > 0.05) met the criteria for bioequivalence. Cmin was lower for the patch. DHT levels and DHT/T ratios were 2 to 3-fold higher for the gel (P < 0.0001). E2 levels and E2/T ratios were comparable. CVintra and CVinter for Tmax approached 100% for the gel and were 23% and 42%, respectively, for the patch (P < 0.0001). Other variability parameters were generally comparable. Both products were well tolerated, and the patches adhered well. CONCLUSIONS: These findings reflect the different mechanisms of transdermal absorption from the patch and gel and provide new considerations for selecting testosterone replacement therapies in hypogonadal men.

Mendel CM, Weisiger RA, Jones AL, Cavalieri RR. Thyroid hormone-binding proteins in plasma facilitate uniform distribution of thyroxine within tissues: a perfused rat liver study.   Endocrinology. 1987 May;120(5):1742-9.    

We used autoradiography to test the hypothesis that a major function of thyroid hormone-binding proteins in plasma is to ensure uniform distribution of thyroid hormones among cells of a given tissue. The distribution of [125I]T4 within rat hepatic lobules was determined after its single pass perfusion through the portal vein in solutions containing or lacking thyroid hormone-binding proteins. These proteins included thyroid hormone-binding globulin, thyroid hormone-binding prealbumin, and albumin. In the absence of these proteins, virtually all of the perfused T4 was taken up by the periportal cells, and subsequent perfusion with protein-free solution did not cause redistribution of this T4. In the presence of these proteins, in contrast, the perfused T4 was taken up uniformly by all cells within the lobule. Albumin alone was sufficient to ensure uniform cellular uptake of T4. However, variation of oleic acid concentrations within the physiological range markedly influenced the concentration of free T4 in a solution of 4% human serum albumin, but not in human serum. These results indicate that uniform distribution of T4 within tissues requires circulating thyroid hormone-binding proteins, and that the specific binding proteins, thyroid hormone-binding globulin and thyroid hormone-binding prealbumin, are required to ensure nonfluctuating circulating concentrations of free T4 in vivo. Other hormone-binding proteins in plasma and some transport proteins may function similarly.(We see here that the water-insoluble thyroid hormone quickly left the serum and adhered to the nearby cell membranes.  However, when injected with proteins, it stayed in the serum and was widely distributed.  This is similar to the transdermal dosing of steroids—they do not stay in the water serum but soak the RBCs and endothelial membranes—and are delivered throughout the body via RBCs—and thus their effects are not measured by serum levels. HHL)

Meriggiola MC, Marcovina S, Paulsen CA, Bremner WJ. Testosterone enanthate at a dose of 200 mg/week decreases HDL-cholesterol levels in healthy men. Int J Androl. 1995 Oct;18(5):237-42. 


 The concept that androgen alone can provide an effective male contraceptive has been tested in a multicentre, multiphase trial by the World Health Organization. Results from this trial showed that an ester of testosterone, testosterone enanthate (TE), administered at a dose of 200 mg/week, has a very high contraceptive efficacy, and suggested that, at least in some populations, androgen alone might provide a viable option for the control of male fertility. It has been claimed that testosterone represents one of the gender-related risk factors for coronary artery disease (CAD) in men. Epidemiological and interventional studies have failed to establish a convincing relationship between testosterone and high density lipoprotein cholesterol (HDL-C). Therefore, there is concern about possible negative effects on lipoprotein asset of an androgen-alone male contraceptive. In this study we analysed the effects of long-term (12 months) administration of TE (200 mg/week) in normal healthy men. Blood samples (six men > 10 h fast = Group 1; 30 men > 4 h fast = Group 2) were drawn from 36 men, monthly before the beginning of the injections (control), every 3 months throughout the study period (treatment), and 1 month after stopping TE injections (recovery). Total cholesterol (chol), triglycerides, HDL-C and LDL-C levels were measured in these samples. Biochemical parameters were also monitored. TE administration induced a significant decrease (15-20%) in HDL-C levels that was of comparable magnitude in men from both groups (fasting and non-fasting) and occurred regardless of basal HDL-C levels. No statistically significant effect on other lipoproteins was detected. Considering all men together, HDL-C levels were decreased in 78% of the men by month 3, 83% by month 6, 94% by month 9 and 97% by month 12 of treatment. In all men the HDL-C decrease was reversible within 1 month of stopping TE administration. It is concluded that: (1) injection of 200 mg TE/week causes a 15-20% decrease in HDL-C in normal men with no effect on other lipoproteins, (2) the suppressive effect of TE is maintained throughout the 1-year-injection period, and a direct relationship between the duration of TE administration and the proportion of men showing decreased HDL-C levels, was observed. (3) The HDL-C decrease was reversible within 1 month of stopping TE administration. These data will be important in designing further studies on male contraception, and in interpreting the relationship between testosterone levels, HDL-C levels and potential cardiovascular risk.

Merza Z, Rostami-Hodjegan A, Memmott A, Doane A, Ibbotson V, Newell-Price J, Tucker GT, Ross RJ. Circadian hydrocortisone infusions in patients with adrenal insufficiency and congenital adrenal hyperplasia. Clin Endocrinol (Oxf). 2006 Jul;65(1):45-50.

OBJECTIVE: Conventional hydrocortisone therapy in adrenal insufficiency cannot provide physiological replacement. We have explored the potential of circadian delivery of hydrocortisone as proof of concept for such therapy delivered in modified-release tablet formulation. METHODS: We investigated whether the circadian intravenous infusion of hydrocortisone could improve control of ACTH and androgen levels. Two healthy subjects, two patients with Addison's disease and two patients with congenital adrenal hyperplasia (CAH) were studied. RESULTS: In patients on thrice daily oral hydrocortisone, peak serum cortisol levels were higher than in normal subjects and overnight levels were very low. Patients had very high plasma ACTH levels before their morning dose of hydrocortisone, both at the beginning and at the end of their conventional oral therapy: mean +/- SEM 311.8 +/- 123.2 and 311.2 +/- 85.4 ng/l, respectively. In the patients with CAH, serum 17-hydroxyprogesterone levels were also elevated: 550 and 642 nmol/l at the beginning and 550 and 777 nmol/l at the end of conventional treatment, respectively. The overall 24-h mean cortisol levels were similar for conventional oral hydrocortisone and the circadian infusion. At 0700 h, ACTH levels were much higher on conventional treatment than after circadian infusion: mean +/- SEM 311.2 +/- 85.4 vs. 70.5 +/- 45.0 ng/l, respectively (P < 0.05). The same pattern was observed in 17-hydroxyprogesterone levels, which were 550 and 777 nmol/l after conventional treatment and 3 and 64 nmol/l after circadian infusion. CONCLUSIONS: In patients with poor biochemical control of Addison's disease and CAH, a 24-h circadian infusion of hydrocortisone can decrease morning ACTH and 17-hydroxyprogesterone levels to near normal.

Munro DD. Corticotrophin and tetracosactrin depot-self-administered for the treatment of eczema. Br J Dermatol. 1976 Mar;94 suppl 12:135-8.

The prolonged use of self-administered corticotrophin in the form of 'CMC ACTH' (Crookes) or 'Synacthen Depot' (Ciba) has been considered in twenty-seven patients with severe subactute of chronic eczema. Complications were not troublesome and the therapeutic response was good. Many of the patients were able to control their disease fully without the effort and discomfort of additional local treatment and patients' acceptance of the treatment was high.

Nankin HR. Hormone kinetics after intramuscular testosterone cypionate. Fertil Steril. 1987 Jun;47(6):1004-9. 


There have not been reports analyzing in detail the reproductive hormone changes in hypogonadal men after usual therapeutic injections of testosterone cypionate (TC). In 11 hypogonadal men 200 mg intramuscular TC caused a threefold rise in serum T (peak values, days 2 to 5), a 33% increase in % free T (%FT) (days 2 to 7), and a 4.5-fold rise of absolute FT (peak on days 2 to 3), a 66% increase in % nonsex hormone-binding globulin-bound T (%non-SHBG-T) (peak days 2 to 7), a sixfold increase in absolute non-SHBG-T (peak days 4 to 5), and a threefold rise of estradiol (days 2 to 7). Many of the men achieved androgen concentrations (T, FT, and non-SHBG-T) above the respective normal concentrations between days 2 and 7; then steroid values declined to basal levels by days 13 to 14. Non-SHBG-T showed the largest-fold absolute increase and on day 4 to day 5 averaged three times the mean in normal men. Five men achieved non-SHBG-T values several times the upper limit of our total normal range. Luteinizing hormone became suppressed in men receiving their first intramuscular TC injection and remained suppressed in men receiving chronic TC. Thus, in hypogonadal men, biweekly injections of 200 mg TC result in wide variations in circulating androgen levels, from high to elevated shortly after intramuscular TC declining to basal by days 13 to 14. (Obviously needs to be given as 100mg weekly!-HHL)

Newrick PG, Braatvedt G, Hancock J, Corrall RJ. Self-management of adrenal insufficiency by rectal hydrocortisone. Lancet. 1990 Jan 27;335(8683):212-3. 
An alternative to intramuscular hydrocortisone self-injection was evaluated in healthy controls and in patients with adrenal insufficiency. Plasma cortisol concentrations were assayed after administration of 200 mg hydrocortisone by intramuscular injection (10 healthy subjects) or after insertion of an identical dose by rectal suppository (12 healthy subjects, 3 patients with adrenal failure). Plasma cortisol concentrations peaked at 1 hour (about 4000 nmol/l) (Normal AM Cortisol 140-690nmol/l) following intramuscular injection and declined thereafter. After rectal administration, levels peaked at between 1 and 2 hours and persisted for 8 or more hours. Similar levels were achieved at 4 hours (about 1000 nmol/l) by both methods of administration. Self-treatment by rectal suppository may be useful in the prevention of Addisonian crises.

Oksnes M, Björnsdottir S, Isaksson M, Methlie P, Carlsen S, Nilsen RM, Broman JE, Triebner K, Kämpe O, Hulting AL, Bensing S, Husebye ES, Løvås K. Continuous subcutaneous hydrocortisone infusion versus oral hydrocortisone replacement for treatment of Addison's disease: A randomized clinical trial. J Clin Endocrinol Metab. 2014 May;99(5):1665-74.
Context: Conventional glucocorticoid replacement therapy fails to mimic the physiological cortisol rhythm, which may have implications for morbidity and mortality in patients with Addison's disease (AD). Objective: To compare the effects of continuous subcutaneous hydrocortisone infusion (CSHI) with conventional oral hydrocortisone (OHC) replacement therapy. Design, patients and interventions: A prospective crossover randomized multicenter clinical trial comparing three months treatment with thrice daily (t.i.d.) OHC versus CSHI. From Norway and Sweden, 33 patients were enrolled from registries and clinics. All patients were assessed at baseline and after 8 and 12 weeks in each treatment arm. Main Outcome measures: Morning ACTH level was the primary outcome measure. Secondary outcome measures were effects on metabolism, health-related quality of life (HRQoL), sleep and safety. Results: CSHI yielded normalization of morning ACTH and cortisol levels, and 24h salivary cortisol curves resembled the normal circadian variation. Urinary concentrations of glucocorticoid metabolites displayed a normal pattern with CSHI, but were clearly altered OHC. Several HRQoL indices in the vitality domain improved over time with CSHI. No benefit was found for either treatments for any subjective (PSQI questionnaire) or objective (actigraphy) sleep parameters. Conclusion: CSHI safely brought ACTH and cortisol towards normal circadian levels without adversely affecting glucocorticoid metabolism in the way that OHC did. Positive effects on HRQoL were noted with CSHI, indicating that physiological glucocorticoid replacement therapy may be beneficial and that CSHI might become a treatment option for patients poorly controlled on conventional therapy. PMID: 24517155

Pouly JL, Bassil S, Frydman R, Hédon B, Nicollet B, Prada Y, Antoine JM, Zambrano R, Donnez J. [Luteal phase support after vaginal progesterone: comparative study with micronized oral progesterone] Contracept Fertil Sex. 1997 Jul-Aug;25(7-8):596-601.

Two progesterone presentations, a vaginal application of 90 mg progesterone per day (Crinone) or 300 mg progesterone orally administered (Utrogestan) were compared for luteal phase support of patients undergoing an in vitro fertilisation (IVF) procedure. 283 patients were randomly allocated to either treatment. The treatment started within 24 hours after the embryo transfer procedure and continued until day 30 in cases of implantation. Efficacy was assessed using the pregnancy and delivery rates. Safety was assessed through specific symptoms and usual safety monitoring. The pregnancy rate per transfer was not significantly different in the Crinone and Utrogestan groups at day 12 (Crinone: 35.3%, Utrogestan: 29.9%, p = 0.55), at day 30 (Crinone: 28.8%, Utrogestan: 25%, p = 0.61), at day 90 (Crinone: 25.9%, Utrogestan: 22.9%, p = 0.69). No difference in spontaneous abortion rates were seen thereafter. The delivery rate was not significantly different (proportion delivery per patients included, Crinone: 23.0%, Utrogestan: 22.2%, p = 1), as well as the ratio new-born per transferred embryo (Crinone: 11.7%; Utrogestan: 11.1%, p = 0.91). Safety parameters were similar in both groups except for drowsiness, which was more significantly frequent in the oral P group than in the Crinone group at all time points. No serious adverse events were recorded in this study. The fact that Crinone matches the efficacy of the larger doses of progesterone used orally reflects an advantage of the transvaginal route of administration which avoids metabolic inactivation of progesterone during its first liver pass. PMID: 9410372

Salehian B, Wang C, Alexander G, Davidson T, McDonald V, Berman N, Dudley RE, Ziel F, Swerdloff RS. Pharmacokinetics, bioefficacy, and safety of sublingual testosterone cyclodextrin in hypogonadal men: comparison to testosterone enanthate--a clinical research center study. J Clin Endocrinol Metab. 1995 Dec;80(12):3567-75. 


We studied and compared the pharmacokinetics and bioefficacy of two doses of sublingual testosterone cyclodextrin (SLT; 2.5 and 5.0 mg, administered three times per day) with testosterone enanthate (TE; 200 mg) given once every 20 days by im injections over a 60-day study period in 63 hypogonadal men. After SLT administration, serum testosterone (T) levels peaked at 20 min and then fell, reaching baseline levels by 360 min. The calculated half-lives were 60.3 +/- 7.5 and 68.8 +/- 5.0 min after a single dose of 2.5 and 5.0 mg SLT, respectively. The mean area under curve (AUC) of serum T was computed over 20-day periods for the 3 treatment groups. The mean net AUC of serum T after TE administration was about 4- and 2-fold higher than that in the 2.5 and 5 mg groups over the last 20 days. Serum estradiol and dihydrotestosterone followed the same pattern as serum T. Serum estradiol to T ratios decreased after T replacement in all 3 groups, whereas serum dihydrotestosterone to T ratios were not significantly changed by T treatment. Suppression of serum LH and FSH levels was more marked in the patients treated with TE than in those given SLT. Similarly, serum sex hormone-binding globulin levels showed significant decreases with androgen replacement only in the TE and SLT 5.0 mg range groups. There were no significant adverse effects based on comprehensive physical examinations, urea, electrolytes, and renal or liver function tests. Hematocrit levels increased in the TE-treated group, but remained slightly lower than baseline levels in the SLT groups. Serum high density lipoprotein cholesterol showed a small, but significant, decrease with time of treatment in all groups. Despite the differences in the AUC of serum T levels achieved by different androgen replacement therapies, all patients showed significant improvements in sexual motivation and performance, with no significant difference between the treatment groups. We conclude that SLT may be a useful addition to the currently available injectable and transdermal delivery systems for treatment of hypogonadal men. Because of the ease of administration, rapid reversibility of effects, and lower AUC of serum T levels achieved compared to those of TE injections, SLT may be especially suitable for treatment of boys with delayed puberty and older men with androgen deficiency.

Shifren JL, Desindes S, McIlwain M, Doros G, Mazer NA. A randomized, open-label, crossover study comparing the effects of oral versus transdermal estrogen therapy on serum androgens, thyroid hormones, and adrenal hormones in naturally menopausal women. Menopause. 2007 Nov-Dec;14(6):985-94.

OBJECTIVE: To compare the changes induced by oral versus transdermal estrogen therapy on the total and free serum concentrations of testosterone (T), thyroxine (T4), and cortisol (C) and the concentrations of their serum binding globulins sex hormone-binding globulin, thyroxine-binding globulin, and cortisol-binding globulin in naturally menopausal women. DESIGN: Randomized, open-label, crossover. Interventions included a 6-week withdrawal from previous hormone therapy (baseline), followed in randomized order by 12 weeks of oral conjugated equine estrogens (CEE) (0.625 mg/d) and 12 weeks of transdermal estradiol (TD E2) (0.05 mg/d), with oral micronized progesterone (100 mg/d) given continuously during both transdermal estrogen therapy regimens. RESULTS: Twenty-seven women were enrolled in the study, and 25 completed both treatment periods. The mean(SD) percentage changes from baseline of sex hormone-binding globulin, total T, and free T with oral CEE were +132.1% (74.5%), +16.4% (43.8%), and -32.7% (25.9%), respectively, versus +12.0% (25.1%), +1.2% (43.7%), and +1.0% (45.0%) with TD E2. The mean (SD) percentage changes of thyroxine-binding globulin, total T4, and free T4 with oral CEE were +39.9% (20.1%), +28.4% (29.2%), and -10.4% (22.3%), respectively, versus +0.4% (11.1%), -0.7% (16.5%), and +0.2% (26.6%) with TD E2. The mean (SD) percentage changes of cortisol-binding globulin, total C, and free C with oral CEE were +18.0% (19.5%), +29.2% (46.3%), and +50.4% (126.5%), respectively, versus -2.2% (11.3%), -6.7% (30.8%), and +1.8% (77.1%) with TD E2. Concentrations of all hormones and binding globulins were significantly different (P < or = 0.003) during administration of oral versus transdermal estrogen therapy, except for free T4 and free C. CONCLUSIONS: Compared with oral CEE, TD E2 exerts minimal effects on the total and free concentrations of T, T4, and C and their binding proteins.

Simon JA, Leal J, Hodgen GD. Percutaneous absorption of 17 beta-estradiol in ovariectomized rhesus monkeys: skin and serum pharmacokinetics. Fertil Steril. 1990 Mar;53(3):561-5. 

The skin and serum kinetics of percutaneous estradiol (E2) gel (Oestrogel; Besins-Iscovesco Laboratories, Paris, France) absorption in 11 ovariectomized rhesus monkeys (3 pretreated with diethylstilbestrol [DES]) was studied. The gel (1.5 mg E2) mixed with 7.5 x 10(5) cpm tritiated E2 (3H-E2) was applied to abdominal skin. Serial skin biopsies were taken from the application area and at 1 and 3 cm beyond, as well as from perineum and dorsal skin; and radioactivity measured to estimate tissue levels of E2 derived from percutaneous delivery. Simultaneous femoral serum samples were taken for RIA of E2. Skin 3H-E2 reached a peak at approximately 60 minutes, which was sustained for about 10 hours. Lateral diffusion of the radiolabeled E2 was limited to about 1 cm. Serum E2 levels reached a peak at 60 minutes and remained elevated for 20 hours after a single application. A strong correlation existed between skin and serum E2 levels: r = 0.828. DES did not modify the E2 skin absorption kinetics, but in 2 of 3 monkeys DES reduced the E2 serum levels, suggesting an effect after skin absorption. We conclude that percutaneously delivered E2 manifests a sustained entry into serum. The steady state of continuous release of E2 into circulation derives from a postabsorption skin reservoir of estrogen product.

Simunic V, Tomic V, Tomic J, Nizic D. Comparative study of the efficacy and tolerability of two vaginal progesterone formulations, Crinone 8% gel and Utrogestan capsules, used for luteal support. Fertil Steril. 2007 Jan;87(1):83-7. 

OBJECTIVE: To compare the efficacy and tolerability of two different types of vaginal progesterone (P), Crinone 8% gel (Fleet Laboratories Ltd., Watford, United Kingdom) and Utrogestan capsules (Laboratories Besins International, Paris, France), used for luteal support after in vitro fertilization (IVF) cycles. DESIGN: Cohort study. SETTING: In Vitro Fertilization Polyclinic, Zagreb, Croatia. PATIENTS: A total of 285 women aged < or =37 years undergoing IVF-embryo transfer treatment. INTERVENTIONS: Patients were treated with either Crinone 8% vaginal P gel (90 mg) administered daily, or Utrogestan vaginal capsules (2 x 100 mg) administered three times daily. Progesterone was administered from the day of oocyte retrieval (day 0) to menses or, in a case of pregnancy, until week 12. MAIN OUTCOME MEASURE: Clinical pregnancy rate. The tolerability and acceptability of both preparations were determined by a questionnaire given to patients. RESULTS: The similar rates of clinical pregnancies (33.1% vs. 30.9%) [corrected] were obtained by using either Crinone 8% vaginal P gel or Utrogestan vaginal capsules. Overall tolerability and acceptability were significantly better in the Crinone group than in the Utrogestan group. CONCLUSIONS: The efficacy of the two vaginal P formulations was nearly the same, but the tolerability and acceptability of Crinone 8% gel were superior, in the opinion of patients. PMID: 17081536

Slater CC, Zhang C, Hodis HN, Mack WJ, Boostanfar R, Shoupe D, Paulson RJ, Stanczyk FZ.Comparison of estrogen and androgen levels after oral estrogen replacement therapy.J Reprod Med. 2001 Dec;46(12):1052-6.

OBJECTIVE: To assess the extent of accumulation of circulating estrone (E1), total and free estradiol (E2) and estrone sulfate (E1S) levels in postmenopausal women receiving prolonged oral E2 therapy and to determine the effect of increased estrogenicity on free testosterone levels. STUDY DESIGN: Descriptive study involving 14 healthy postmenopausal women during a three-year period. Group 1 (n = 7) took a placebo. Group 2 (n = 7) took 1 mg micronized E2 daily. Blood samples were taken at one, two and three years. E2, E1 and total testosterone were quantified by radioimmunoassay (RIA) following extraction and celite chromatography. Free testosterone and E2 were calculated. Sex hormone-binding globulin (SHBG) and E1S were quantified by RIA. RESULTS: In the control group, none of the hormone levels changed significantly. Free testosterone decreased 49% in women taking E2 replacement as compared to a 7% decline in women taking placebo. In women taking E2 replacement, E1, E2, E1S, free E2 and SHBG levels increased 10, 6, 51, 2 and 2 times, respectively, between baseline and year 3. CONCLUSION: E1, E2 and E1S levels significantly increased with E2 replacement. Free testosterone levels decreased with E2 replacement. Testosterone replacement may be warranted when giving postmenopausal women estrogen replacement therapy. PMID:     11789085

Spencer CP, Godsland IF, Cooper AJ, Ross D, Whitehead MI, Stevenson JC. Effects of oral and transdermal 17beta-estradiol with cyclical oral norethindrone acetate on insulin sensitivity, secretion, and elimination in postmenopausal women. Metabolism. 2000 Jun;49(6):742-7.

Few studies have examined the effects of 17beta-estradiol on parameters of insulin and glucose metabolism. We studied 42 healthy, untreated postmenopausal women seeking relief from menopausal symptoms. They were randomized to receive either oral 17beta-estradiol 2 mg daily combined with sequential oral norethindrone acetate (NETA) 1 mg daily from days 12 to 22, or transdermal 17beta-estradiol 0.05 mg daily combined with sequential oral NETA 1 mg daily from days 17 to 28. Intravenous glucose tolerance tests (IVGTTs) were performed at baseline and after 46 weeks (estrogen-alone phase) and 48 weeks (combined phase) of completed therapy. Mathematical modeling analysis of plasma glucose, insulin, and C-peptide concentration profiles provided measures of insulin resistance, secretion, and elimination. Both types of therapy were associated with a decrease in fasting insulin and glucose levels. Insulin sensitivity was increased by oral estradiol during the estrogen-alone phase but was reversed by the addition of NETA. Transdermal estradiol did not affect insulin sensitivity. Hepatic insulin uptake and insulin secretion were increased with both types of treatment. The oral regimen of estradiol therapy was favorable to both insulin elimination and sensitivity. Transdermal estradiol therapy had relatively few effects on insulin metabolism.

Stephenson K, Neuenschwander PF, Kurdowska AK. The effects of compounded bioidentical transdermal hormone therapy on hemostatic, inflammatory, immune factors; cardiovascular biomarkers; quality-of-life measures; and health outcomes in perimenopausal and postmenopausal women. Int J Pharm Compd. 2013 Jan-Feb;17(1):74-85.

Menopause impacts 25 million women world wide each year, and the World Health Organization estimates 1.2 billion women will be postmenopausal by 2030. Menopause has been associated with symptoms of hot flashes, night sweats, dysphoric mood, sleep disturbance, and conditions of cardiovascular disease, depression, osteoporosis, osteoarthritis, depression, dementia, and frailty. Conventional hormone replacement therapy results in increased thrombotic events, and an increased risk of breast cancer and dementia as evidenced in large prospective clinical trials including Heart and Estrogen/Progestin Replacement Study I and the Women's Health Initiative. A possible mechanism for these adverse events is the unfavorable net effects of conjugated equine estrogens and medroxyprogesterone acetate on the hemostatic balance and inflammatory and immune factors. Physiologic sex steroid therapy with transdermal delivery for peri/postmenopausal women may offer a different risk/benefit profile, yet long-term studies of this treatment model are lacking. The objective of this study was to examine the long-term effects of compounded bioidentical transdermal sex steroid therapy including estriol, estradiol, progesterone, DHEA, and testosterone on cardiovascular biomarkers, hemostatic, inflammatory, immune signaling factors; quality-of-life measures; and health outcomes in peri/postmenopausal women within the context of a hormone restoration model of care. A prospective, cohort, closed-label study received approval from the Human Subjects Committee. Recruitment from outpatient clinics at an academic medical center and the community at large resulted in three hundred women giving signed consent. Seventy-five women who met strict inclusion/exclusion criteria were enrolled. Baseline hormone evaluation was performed along with baseline experimental measures. Following this, women received compounded transdermal bioidentical hormone therapy of BiEst (80%Estriol/20%Estradiol), and/or Progesterone for eight weeks to meet established physiologic reference ranges for the luteal phase in premenopausal women. The luteal phase hormone ratios were selected based on animal and epidemiologic studies demonstrating favorable outcomes related to traumatic, ischemic, or neuronal injury. Follow-up testing was performed at eight weeks and adjustment to hormone regimens were made including addition of androgens of DHEA and Testosterone if indicated. Experimental subjects were monitored for 36 months. Baseline, 2-month, and annual values were obtained for: blood pressure, body mass index, fasting glucose, Homeostasis Metabolic Assessment of Insulin Resistance (HOMA-IR), fasting triglycerides, total Factor VII, Factor VIII, fibrinogen, Antithrombin III, Plasminogen Activator Inhibitor1(PAL-1), C-reactive protein (CRP), Interleukin-6 (IL-6), Matrix Metalloproteinase-9 (MMP-9), Tumor Necrosis Factor-alpha (TNF), Insulin-like Growth Factor (IGF-1), and sex steroid levels. Psychosocial measures included: Greene Climacteric Scale, Visual Analog Pain Scale, Hamilton Anxiety Scale, Hamilton Depression Scale, Holmes Rahe Stress Scale, Job Strain, and Home Strain. Health outcome measures included the number of prescribed medications used, number of co-morbidities, and endometrial thickness in postmenopausal women with intact uteri. Subjects receiving compounded transdermal bioidentical hormone therapy showed significant favorable changes in: Greene Climacteric Scale scores, Hamilton Anxiety Scale, Hamilton Depression Scale, Visual Analog Pain Scale, fasting glucose, fasting triglycerides, MMP-9, C-reactive Protein, fibrinogen, Factor VII, Factor VIII, Insulin-Like Growth Factor 1, and health outcomes of co-morbidities and a number of prescribed medications. Antithrombin III levels were significantly decreased at 36 months. All other measures did not exhibit significant effects. Administration of compounded transdermal bioidentical hormone therapy in doses targeted to physiologic reference ranges administered in a daily dose significantly relieved menopausal symptoms in peri/postmenopausal women. Cardiovascular biomarkers, inflammatory factors, immune signaling factors, and health outcomes were favorably impacted, despite very high life stress, and home and work strain in study subjects. The therapy did not adversely alter the net prothrombotic potential, and there were no associated adverse events. This model of care warrants consideration as an effective and safe clinical therapy for peri/postmenopausal women especially in populations with high perceived stress and a history of stressful life events prior to, or during the menopausal transition. PMID: 23627249

Stuenkel CA, Dudley RE, Yen SS. Sublingual administration of testosterone-hydroxypropyl-beta-cyclodextrin inclusion complex simulates episodic androgen release in hypogonadal men. J Clin Endocrinol Metab. 1991 May;72(5):1054-9. 


In search of a more physiological testosterone (T) replacement therapy for hypogonadal states, we evaluated an inclusion complex of T with 2-hydroxypropyl-beta-cyclodextrin (HPBCD). HPBCD enhances T solubility and absorption, but HPBCD is not absorbed. Five hypogonadal men (mean age, 32.4 +/- 2.3 yr) with serum T levels below the normal range were treated in two separate experimental phases with either a 2.5- or 5.0-mg tablet of sublingual (SL) T-HPBCD three times daily for 7 days. Acute pharmacodynamic changes were monitored at baseline and 10, 20, and 40 min and 1, 1.5, 2, 3, 4, and 8 h after administration of the first dose. At the 5-mg dose, a maximal concentration (Cmax) of T (85.4 +/- 11.0 nmol/L) (Double the top normal level of 42nmol/L-HHL) was achieved in 20 min (63 +/- 24-fold increase), followed by a rapid decline to below the normal range (less than 12 nmol/L) at 2 h, with an estimated half-life of decline of 1.87 +/- 0.19 h. The dihydrotestosterone (DHT) Cmax (4.1 +/- 0.5 nmol/L) occurred at 32 +/- 5 min (8.9 +/- 1.3-fold increase) and declined to below the normal range (less than 1.2 nmol/L) after 3 h. The integrated 8 h value for the ratio of T/DHT was 10.0 +/- 1.1, which fell within the normal range. The increment in androstenedione paralleled that in T, and the Cmax (6.8 +/- 0.9 nmol/L) was reached in 24 +/- 4 min (2.3 +/- 0.6-fold increase). Compared to baseline, the Cmax was significantly greater for T (P less than 0.005), DHT (P less than 0.0005), and androstenedione (P less than 0.005). Both estradiol (E2) and estrone (E1) remained in the normal range (less than 200 pmol/L), although the Cmax for E1 was significantly greater than baseline (P less than 0.05). Serum LH levels were suppressed (19.0 +/- 2.6%) at 2 h (P less than 0.05), without a significant change in FSH. During 7 days of treatment, there was no cumulative increase in basal T, DHT, and E2 levels or further decline in LH or FSH levels. There was no change in sex hormone-binding globulin levels. Similar results were observed with the 2.5-mg dose, suggesting that the capacity of SL absorption may be limited to a certain dose of T-HPBCD. The fluctuations in T after SL administration of T-HPBCD resemble endogenous episodic secretion. We conclude that T, complexed with HPBCD, is rapidly absorbed by the SL route and quickly metabolized without sustained elevations of DHT or E2.

Suh-Burgmann E, Sivret J, Duska LR, Del Carmen M, Seiden MV. Long-term administration of intravaginal dehydroepiandrosterone on regression of low-grade cervical dysplasia--a pilot study. Gynecol Obstet Invest. 2003;55(1):25-31. 


Although many dysplastic cervical lesions regress spontaneously, treatment is common due to concern for progression. Lesions persist or progress in women whose immune systems are unable to clear infection by human papillomavirus (HPV). Dehydroepiandrosterone (DHEA) is an adrenal steroid that has both immune modulatory and tumor inhibitory activity. A pilot study was conducted to examine the feasibility, safety and potential efficacy of intravaginal DHEA in women with low-grade cervical dysplasia. Twelve women with low-grade dysplasia, confirmed by colposcopic exam, were given 150 mg of intravaginal micronized DHEA daily for up to 6 months. Follow-up evaluations of the cervix were done at 3 and 6 months of use. DHEA, DHEA-S, androstenedione and testosterone levels were also measured. By the end of the study period, 10 of the 12 women (83%) had no evidence of dysplasia; the remaining 2 had normal colposcopic exams but cytology showing atypical cells of undetermined significance. There were no serious side effects. Androstenedione levels were elevated at 3 months, whereas testosterone levels were unchanged over the course of treatment. The results suggest that intravaginal DHEA is safe and well tolerated and may promote regression of low-grade cervical lesions. Further study is needed to establish efficacy.

Tavaniotou A, Smitz J, Bourgain C, Devroey P. Comparison between different routes of progesterone administration as luteal phase support in infertility treatments.Hum Reprod Update. 2000 Mar-Apr;6(2):139-48.

Different routes of natural progesterone supplementation have been tried as luteal phase support in infertility treatments. Orally administered progesterone is rapidly metabolized in the gastrointestinal tract and its use has proved to be inferior to i.m. and vaginal routes. Progesterone i.m. achieves serum progesterone values that are within the range of luteal phase and results in sufficient secretory transformation of the endometrium and satisfactory pregnancy rates. The comparison between i.m. and vaginal progesterone has led to controversial results as regards the superiority of one or the other in inducing secretory endometrial transformation. However, there is increasing evidence in the literature to favour the use of vaginal progesterone. Vaginally administered progesterone achieves adequate endometrial secretory transformation but its pharmacokinetic properties are greatly dependent on the formulation used. After vaginal progesterone application, discrepancies have been detected between serum progesterone values and histological endometrial features. Vaginally administered progesterone results in adequate secretory endometrial transformation, despite serum progesterone values lower than those observed after i.m. administration, even if they are lower than those observed during the luteal phase of the natural cycle. This discrepancy is indicative of the first uterine pass effect and therefore of a better bioavailability of progesterone in the uterus, with minimal systematic undesirable effects. PMID: 10782572

Taylor GT, Weiss J, Pitha J. Testosterone in a cyclodextrin-containing formulation: behavioral and physiological effects of episode-like pulses in rats. Pharm Res. 1989 Jul;6(7):641-6. 


Testosterone, administered in the form of an inclusion complex with 2-hydroxypropyl-beta-cyclodextrin by subcutaneous injection, enters the circulation in a manner markedly similar to the natural episodic release by the testes. The effects of a regimen of once-a-day administration of complexed testosterone to adult (castrated or intact) rats and to senescent (intact) rats were investigated. Although this procedure left the castrated animals with concentrations of circulatory hormone far below physiological levels for much of the day, a significant improvement in androgen-sensitive behavior and physiology was obtained. Furthermore, the testosterone effects were more pronounced when high doses were used periodically rather than when the same total amount of testosterone was equally divided among doses. The same supplementation to intact rats intensified androgen-sensitive behavior and physiology over normal levels. In senescent rats uniform pulses of the testosterone complex also improved behavior and physiology. Specifically, spermatogenesis was stimulated and, notably, the treatment increased muscle weight without substantial enlargement of the prostate. Since the testosterone-cyclodextrin complex also can be effectively administered as a sublingual tablet, the data suggest that similar regimens may be recommended for elderly men suffering from decreases in muscle mass.

Toorians AW, Thomassen MC, Zweegman S, Magdeleyns EJ, Tans G, Gooren LJ, Rosing J.  Venous thrombosis and changes of hemostatic variables during cross-sex hormone treatment in transsexual people.  J Clin Endocrinol Metab. 2003 Dec;88(12):5723-9. 


The incidence of venous thrombosis associated with estrogen treatment in male-to-female (M-->F) transsexuals is considerably higher with administration of oral ethinyl estradiol (EE) than with transdermal (td) 17-beta-estradiol (E(2)). To find an explanation for the different thrombotic risks of oral EE and td E(2) use, we compared the effects of treatment of M-->F transsexuals with cyproterone acetate (CPA) only, and with CPA in combination with td E(2), oral EE, or oral E(2) on a number of hemostatic variables [activated protein C (APC) resistance and plasma levels of protein S, protein C, and prothombin], all of which are documented risk factors for venous thrombosis. APC resistance was determined by quantification of the effect of APC on the amount of thrombin generated during tissue factor-initiated coagulation; plasma levels of total and free protein S were determined by standard ELISA; and levels of prothrombin and protein C were determined with functional assays after complete activation of the zymogens with specific snake venom proteases. CPA-only, td-E(2)+CPA, or oral-E(2)+CPA treatment produced rather small effects on hemostatic variables, whereas oral EE treatment resulted in a large increase in APC resistance from 1.2 +/- 0.8 to 4.1 +/- 1 (P < 0.001), a moderate increase in plasma protein C (9%; P = 0.012), and a large decrease in both total and free plasma protein S (30%; P < 0.005). The large differential effect of oral EE and oral E(2) indicates that the prothrombotic effect of EE is due to its molecular structure rather than to a first-pass liver effect (which they share). Moreover, these differences may explain why M-->F transsexuals treated with oral EE are exposed to a higher thrombotic risk than transsexuals treated with td E(2). Testosterone administration to female-to-male transsexuals had an antithrombotic effect.

Virili C. Santaguida M., Del Duca S., Gardano L, Centanni M., Increased need for oral levothyroxine sodium is often due to occult gastrointestinal disorders. Thyroid, Volume 21, Supplement 1, 2011.
An efficient absorption of oral T4 is key to optimal and individually tailored thyroxine treatment. However, a number of patients fail to attain the proper TSH level, requiring both additional diagnostic monitoring and often larger doses of levothyroxine sodium. Aim of this study has been to analyze the impact of occult gastrointestinal disorder on T4 treatment. A total of 2018  sequentially examined adult patients (16–60 yrs) were treated with oral sodium levothyroxine (one brand) and followed for at least 24 months. All patients agreed to take thyroxine in fasting conditions, waiting at least one hour before eating or drinking. Patients who were pregnant, who used cosmetics, food and substances containing iodine or drugs interfering with T4 absorption were excluded. The expected serum TSH has been obtained in the ‘‘responder’’ patients at a median thyroxine dose of 1.54 lg/kg/day in semisuppressive mode(SM)(TSH= 0.1–0.4 mU/l) and 1.31 lg/kg/day in replacement mode(RM)(TSH = 0.4–2.5 mU/l). However, 335 patients (17%) still failed to reach the expected serum TSH. Once excluded the subjects still under investigation and those with poor compliance, 245 patients (12.1%; 222F/ 23M) were classified as ‘‘poor-responder’’. These underwent an algorithm to diagnose gastrointestinal disorders. A gastric disease has been diagnosed in 152 patients (62%) (H.pylori infection or autoimmune gastritis), while an intestinal disorder (celiac or parasitic disease, lactose intolerance etc) has been detected in 47 patients (19%). The cause of malabsorption remained unknown in 46 patients. In patients with gastric disorders, the median therapeutic T4 dose required was increased by 30%(in RM)  and by 37%(in SM)(1.73vs 1.31lg/kg/day and 2.14 vs 1.54lg/kg/day). In patients with intestinal disorders, the median T4 dose was similarly higher (1.85 and 2.0lg/kg/day) than in reference group ( + 39%in RM and + 28%in SM). Upon treatment of gastrointestinal disorders, the effect was reversed in 1/3 of patients. We observed: T4 malabsorption or pseudomalabsorption of oral thyroxine in 1 out 5 treated patients; most of T4 treatment failures were due to defined gastrointestinal disorder 

Vrbíková J, Stanická S, Dvoráková K, Hill M, Vondra K, Bendlová B, Stárka L. Metabolic and endocrine effects of treatment with peroral or transdermal oestrogens in conjunction with peroral cyproterone acetate in women with polycystic ovary syndrome. Eur J Endocrinol. 2004 Feb;150(2):215-23.

OBJECTIVE: To compare the influence of transdermal and peroral oestrogen treatments in conjunction with cyproterone acetate (CPA) on metabolic and hormonal parameters in women with polycystic ovary syndrome (PCOS). PATIENTS AND METHODS: Twenty-four women with PCOS, aged 25.4+/-4.3 (mean+/-s.d.) years, body mass index 24.5+/-3.9 kg/m2 were randomly assigned to receive either transdermal oestradiol plus CPA (n=12) or a peroral oestradiol-CPA combination (n=12). Before and after 3 months of treatment, basal blood samples, euglycaemic hyperinsulinaemic clamp combined with indirect calorimetry and arginine tests were performed. ANOVA and Student's t-test or Wilcoxon's test were used for statistical analyses. RESULTS: After peroral oestradiol-CPA, insulin sensitivity (P<0.004) and the disposition index as the function of insulin sensitivity and secretion (P<0.0001) decreased significantly. Fasting insulin (P<0.05), cholesterol (P<0.05), high-density lipoprotein cholesterol (P<0.05) and sex-hormone binding globulin (P<0.0001) increased significantly. Dehydroepiandrosterone (P<0.05) and 17-OH progesterone (P<0.01) decreased significantly. After transdermal oestradiol+CPA, no significant changes were observed in sex-hormone binding globulin and androgen concentrations, insulin sensitivity or disposition index. CONCLUSIONS: In women with PCOS, peroral oestrogens (at doses common in combined oral contraceptives) led to a significant impairment in insulin secretion and action. In contrast, the transdermal application of oestrogens did not significantly influence insulin sensitivity.

Wren BG, Day RO, McLachlan AJ, Williams KM.  Pharmacokinetics of estradiol, progesterone, testosterone and dehydroepiandrosterone after transbuccal administration to postmenopausal women. Climacteric. 2003 Jun;6(2):104-11. 


OBJECTIVE: To evaluate the pharmacokinetic profiles of estradiol, progesterone, testosterone and dehydroepiandrosterone in postmenopausal women following single and multiple dosing using a troche and the transbuccal route of administration. METHODS: Each troche contained estradiol (0.5 mg), progesterone (200 mg), testosterone (2.0 mg) and dehydroepiandrosterone (10 mg). A half troche was administered to each of six women and the plasma concentration-time profiles determined over 24 h. Thereafter, a one-half troche was taken twice daily for 2 weeks and concentrations determined over a dosage interval (12 h). Blood and saliva samples were collected at specified time intervals on the first day and again after 2 weeks. RESULTS: Each of the hormones was readily absorbed via the buccal mucous membrane. Peak plasma concentrations of estradiol and progesterone were comparable to those found normally in young menstruating women. CONCLUSION: The transbuccal route is a novel approach to provide therapy for the management of menopause-related symptoms of postmenopausal women without the need to resort to conjugated or synthesized hormones, and may overcome the poor or erratic systemic availability associated with other routes of administration.

Wang C, Eyre DR, Clark R, Kleinberg D, Newman C, Iranmanesh A, Veldhuis J, Dudley RE, Berman N, Davidson T, Barstow TJ, Sinow R, Alexander G, Swerdloff RS. Sublingual testosterone replacement improves muscle mass and strength, decreases bone resorption, and increases bone formation markers in hypogonadal men--a clinical research center study. J Clin Endocrinol Metab. 1996 Oct;81(10):3654-62. 


To study the effects of androgen replacement therapy on muscle mass and strength and bone turnover markers in hypogonadal men, we administered sublingual testosterone (T) cyclodextrin (SLT; 5 mg, three times daily) to 67 hypogonadal men (baseline serum T, < 8.4 nmol/L) recruited from 4 centers in the U.S.: Torrance (n = 34), Durham (n = 12), New York (n = 9), and Salem (n = 12). Subjects who had received prior T therapy were withdrawn from injections for at least 6 weeks and from oral therapy for 4 weeks. Body composition, muscle strength, and serum and urinary bone turnover markers were measured before and after 6 months of SLT. We have shown previously that this regimen for 60 days will maintain adequate serum T levels and restore sexual function. Total body (P = 0.0104) and lean body mass (P = 0.007) increased with SLT treatment in the 34 subjects in whom body composition was assessed. There was no significant change in total body fat or percent fat. The increase in lean body mass was mainly in the legs; the right leg lean mass increased from 8.9 +/- 0.3 kg at 0 months to 9.2 +/- 0.3 kg at 6 months (P = 0.0008). This increase in leg lean mass was associated with increased leg muscle strength, assessed by leg press (0 months, 139.0 +/- 4.0 kg; 6 months, 147.7 +/- 4.2 kg; P = 0.0038). SLT replacement in hypogonadal men led to small, but significant, decreases in serum Ca (P = 0.0029) and the urinary calcium/creatinine ratio (P = 0.0066), which were associated with increases in serum PTH (P = 0.0001). At baseline, the urinary type I collagen-cross linked N-telopeptides/creatinine ratio [75.6 +/- 7.9 nmol bone collagen equivalents (BCE/mmol] was twice the normal adult male mean (41.0 +/- 3.6 nmol BCE/mmol) and was significantly decreased in response to SLT treatment at 6 months (68.2 +/- 7.7 nmol BCE/mmol; P = 0.0304) without significant changes in urinary creatinine. Serum skeletal alkaline phosphatase did not change. In addition, SLT replacement caused significant increases in serum osteocalcin (P = 0.0001) and type I procollagen (P = 0.0012). Bone mineral density did not change during the 6 months of SLT treatment. We conclude that SLT replacement therapy resulted in increases in lean muscle mass and muscle strength. Like estrogen replacement in hypogonadal postmenopausal females, androgen replacement therapy led to decreased bone resorption and urinary calcium excretion. Moreover, androgen replacement therapy may have the additional benefit of increasing bone formation. A longer term study for several years duration would be necessary to demonstrate whether these changes in bone turnover marker levels will result in increased bone mineral density decreased fracture risks, and reduced frailty in hypogonadal men.

Zegura B, Guzic-Salobir B, Sebestjen M, Keber I. The effect of various menopausal hormone therapies on markers of inflammation, coagulation, fibrinolysis, lipids, and lipoproteins in healthy postmenopausal women. Menopause. 2006 Jul-Aug;13(4):643-50.

OBJECTIVE: Androgenic progestins such as norethisterone acetate (NETA) may influence the effect of estradiol (E(2)) therapy. We compared the influence of oral E(2), with and without NETA, and transdermal E(2) on markers of coagulation, fibrinolysis, and inflammation and on lipids and lipoproteins in healthy postmenopausal women. DESIGN: A total of 112 healthy postmenopausal women were randomized to receive treatment with either oral E(2), with or without NETA, transdermal E(2), or placebo. At baseline and after 28 weeks, levels of serum lipids and lipoproteins and markers of coagulation, fibrinolysis, and inflammation were determined. RESULTS: Of the fibrinolytic parameters, oral E(2) (P < 0.05) and E(2) with NETA (P < 0.01) shortened euglobulin clot lysis time. Oral E(2) decreased plasminogen activator inhibitor-1 activity (P < 0.05). Oral E(2) with NETA reduced plasminogen activator inhibitor-1 antigen levels (P < 0.01) and increased D-dimer antigen levels (P < 0.001). All three modes of menopausal hormone therapy reduced tissue type plasminogen activator antigen. Of the coagulation parameters, both routes of E(2) therapy decreased fibrinogen levels (P = 0.002 for oral and P = 0.007 for transdermal E(2)), whereas E(2) with NETA showed no effect. The decrease of fibrinogen was larger after oral E(2) (P = 0.02). Oral E(2) with NETA reduced antithrombin III (P < 0.001) and protein C (P < 0.001) activity. Oral E(2) (P = 0.04) and E(2) with NETA (P < 0.01) increased C-reactive protein (CRP). Transdermal E(2) showed no influence on CRP. The addition of NETA influenced the change in CRP, as the increase in CRP was more pronounced after E(2) without NETA (P = 0.005). The levels of serum amyloid A, interleukin-6, and tumor necrosis factor-alpha did not change significantly after any of the modes of hormone therapy. Of the lipids and lipoproteins, oral E2 decreased low-density lipoprotein cholesterol (P < 0.01), lipoprotein (a) (P < 0.05), and increased high-density lipoprotein cholesterol (P < 0.05). Transdermal E(2) decreased triglycerides (P < 0.02) and increased high-density lipoprotein cholesterol (P < 0.03). Oral E(2) with NETA decreased total cholesterol (P < 0.01) and high-density lipoprotein cholesterol (P < 0.005). CONCLUSIONS: Oral E(2), with or without NETA, produced no net activation of coagulation but improved fibrinolysis. Both modes of oral menopausal hormone therapy have a greater impact on markers of inflammation, coagulation, fibrinolysis, lipids, and lipoproteins than transdermal E(2). NETA attenuates some E(2) effects. Further studies are needed to elucidate the impact of these effects on clinical endpoints.

