Saliva and Transdermal Steroids

· Salivary progesterone was found to be approximately 1% of serum progesterone in normally cycling and pregnant women. Int J Gynaecol Obstet. 1994 May;45(2):125-31.
· Progesterone ng/mL x 3.18 = nmol/L, nmol/L /3.18 or x 0.314 = ng/ml
· The proportion of free progesterone in plasma and of salivary progesterone relative to total progesterone in plasma remained constant at approximately 1% and 0.5%. Clin Chem. 1989 Jan;35(1):168-72.
· for progesterone the unbound fraction was 2.5% (2.13--2.78%) and for oestradiol 1.27% (1--1.83%).

· The correlation between blood (y) and serum (x) Po levels (y = 0.439x - 2.98, r = 0.98) was superior to that between salivary (y) and serum levels (x) (y = 0.00637x + 0.020, r = 0.89). Clin Endocrinol (Oxf). 1986 Jan;24(1):31-8.  10ng/ml serum progesterone = 1.41ng/ml blood = 222pmol/L saliva
· the amount of free progesterone in blood was about five times that found in saliva.  Total serum progesterone is 100 times salivary and 20 times free progesterone.  
· Oral cosmetics may result in overestimation of progesterone concentrations by saliva testing.

· Ketonic steroids diffuse more easily through tissues.

· Taking the bioavailability obtained by the subcutaneous route as 100%, it is estimated that the potencies of DHEA by the percutaneous and oral routes are approximately 33 and 3% respectively. http://patients.uptodate.com/topic.asp?file=r_endo_f/8916

· DHEA-S is produced solely by the adrenal gland at a rate of 3.5 to 20 mg per day [2]. Circulating levels are in the range of 1 to 4 mg/mL.

· DHEA is also produced in the adrenal gland (50 percent), the ovary (20 percent) and from peripheral conversion of DHEA-S (30 percent) with total production rates of 6 to 8 mg per day [3]. Circulating levels are in the range of 1 to 10 ng/mL.

· Androstenedione production is split equally between the adrenal gland and the ovary. Daily rates of production are 1.4 to 6.2 mg/day and circulating levels are in the range of 0.5 to 2 ng/mL [4,5].

· T is synthesized in the adrenal gland (25 percent), the ovary (25 percent) and from the peripheral conversion of A (50 percent). Daily production rates are in the range of 0.1 to 0.4 mg/day and circulating levels are between 0.2 and 0.7 ng/mL with the lowest levels found during the early follicular phase followed by a 20 percent increase at midcycle [3]. Nearly all (99 percent) of circulating T is protein-bound (mainly to sex-hormone binding globulin [SHBG]) [6]. Therefore, any impact on SHBG concentration (eg, oral estrogen-mediated increase in SHBG) affects the concentration of the free/active androgen.

Ahn RS, Lee YJ, Choi JY, Kwon HB, Chun SI. Salivary cortisol and DHEA levels in the Korean population: age-related differences, diurnal rhythm, and correlations with serum levels. Yonsei Med J. 2007 Jun 30;48(3):379-88.


PURPOSE: The primary objective of this study was to examine the changes of basal cortisol and DHEA levels present in saliva and serum with age, and to determine the correlation coefficients of steroid concentrations between saliva and serum. The secondary objective was to obtain a standard diurnal rhythm of salivary cortisol and DHEA in the Korean population. MATERIALS AND METHODS: For the first objective, saliva and blood samples were collected between 10 and 11 AM from 359 volunteers ranging from 21 to 69 years old (167 men and 192 women). For the second objective, four saliva samples (post-awakening, 11 AM, 4 PM, and bedtime) were collected throughout a day from 78 volunteers (42 women and 36 men) ranging from 20 to 40 years old. Cortisol and DHEA levels were measured using a radioimmunoassay (RIA). RESULTS: The morning cortisol and DHEA levels, and the age- related steroid decline patterns were similar in both genders. Serum cortisol levels significantly decreased around forty years of age (p < 0.001, when compared with people in their 20s), and linear regression analysis with age showed a significant declining pattern (slope=-2.29, t=-4.297, p < 0.001). However, salivary cortisol levels did not change significantly with age, but showed a tendency towards decline (slope=-0.0078, t=-0.389, p=0.697). The relative cortisol ratio of serum to saliva was 3.4-4.5% and the ratio increased with age (slope=0.051, t=3.61, p < 0.001). DHEA levels also declined with age in saliva (slope=-0.007, t=-3.76, p < 0.001) and serum (slope=-0.197 t=-4.88, p < 0.001). In particular, DHEA levels in saliva and serum did not start to significantly decrease until ages in the 40s, but then decreased significantly further at ages in the 50s (p < 0.001, when compared with the 40s age group) and 60s (p < 0.001, when compared with the 50 age group). The relative DHEA ratio of serum to saliva was similar throughout the ages examined (slop=0.0016, t=0.344, p=0.73). On the other hand, cortisol and DHEA levels in saliva reflected well those in serum (r=0.59 and 0.86, respectively, p < 0.001). The highest salivary cortisol levels appeared just after awakening (about two fold higher than the 11 AM level), decreased throughout the day, and reached the lowest levels at bedtime (p < 0.001, when compared with PM cortisol levels). The highest salivary DHEA levels also appeared after awakening (about 1.5 fold higher than the 11 AM level) and decreased by 11 AM (p < 0.001). DHEA levels did not decrease further until bedtime (p=0.11, when compared with PM DHEA levels). CONCLUSION: This study showed that cortisol and DHEA levels change with age and that the negative slope of DHEA was steeper than that of cortisol in saliva and serum. As the cortisol and DHEA levels in saliva reflected those in serum, the measurement of steroid levels in saliva provide a useful and practical tool to evaluate adrenal functions, which are essential for clinical diagnosis.

Andersen KE, Maibach HI, Anjo MD. The guinea-pig: an animal model for human skin absorption of hydrocortisone, testosterone and benzoic acid.  Br J Dermatol. 1980 Apr;102(4):447-53.

14C ring-labelled hydrocortisone, testosterone and benzoic acid dissolved in acetone were applied to the backs of guinea-pigs (4 microgram/cm2). Percutaneous absorption was quantified by following the excretion of tracer in urine and faeces for 5 days. Absorption of hydrocortisone and benzoic acid was 2.4% (s.d. = 0.5; n = 3) and 31.4% (s.d. = 9.1; n = 3) of the applied dose respectively, similar to published human absorption data. Testosterone was absorbed to a greater extent in guinea-pigs (34.9% +/- 5.4; n = 5) than man. A thioglycollate based depilatory cream significantly increased the skin absorption of testosterone, while the absorption velocity was unaltered. Two analytical methods were compared, direct counting versus wet ashing; results were in the same range for the three compounds. Two methods of quantifying skin absorption were compared; urine recovery corrected for incomplete urinary excretion after parenteral administration versus the addition of urine and faecal recovery. For benzoic acid, excreted mainly in the urine (88.1%), the two methods gave similar results; for testosterone, excreted in the urine to a lesser extent (46.8%), the method of addition of urine and faecal recovery appeared to be more correct.

Arafah BM, Nishiyama FJ, Tlaygeh H, Hejal R.  Measurement of salivary cortisol concentration in the assessment of adrenal function in critically ill subjects: a surrogate marker of the circulating free cortisol. J Clin Endocrinol Metab. 2007 Aug;92(8):2965-71. 

METHODS: Baseline and cosyntropin-stimulated serum (total and free) and salivary cortisol concentrations were measured, in the early afternoon, in 51 critically ill patients and healthy subjects. Patients were stratified according to their serum albumin at the time of testing: those whose serum albumin levels were 2.5 gm/dl or less vs. others whose levels were greater than 2.5 gm/dl. RESULTS: Baseline and cosyntropin-stimulated serum free cortisol levels were similar in the two groups of critically ill patients and were severalfold higher (P < 0.001) than those of healthy subjects. Similarly, baseline and cosyntropin-stimulated salivary cortisol concentrations were equally elevated in the two critically ill patient groups and were severalfold higher (P < 0.001) than those of healthy subjects. Salivary cortisol concentrations correlated well with the measured serum free cortisol levels. CONCLUSIONS: Salivary cortisol measurements are simple to obtain, easy to measure in most laboratories, and provide an indirect yet reliable and practical assessment of the serum free cortisol concentrations during critical illnesses. The concentrations of the two measures of unbound cortisol determined in two different body fluids correlated very well, regardless of the serum protein concentrations. Measurements of salivary cortisol can serve as a surrogate marker for the free cortisol in the circulation.

Baxendale PM, Jacobs HS, James VH. Salivary testosterone: relationship to unbound plasma testosterone in normal and hyperandrogenic women.Clin Endocrinol (Oxf). 1982 Jun;16(6):595-603.

A sensitive radioimmunoassay (RIA) was used to measure salivary testosterone levels in normal women, in patients with polycystic ovaries (PCO), and in women with hirsutism. There was a highly significant correlation (r = 0.79, P less than 0.001) between the concentration of testosterone in saliva [12.3 +/- 7.8 (SD) pg/ml] and the concentration of unbound testosterone in plasma (5.2 +/- 3.1 pg/ml) in matched samples collected from 56 women including normals, patients with clinical signs of hyperandrogenism, and women treated with a combination of cyproterone acetate (CA) and ethinyl oestradiol (EE). The unbound plasma testosterone was measured in the dialysate directly using a sensitive RIA. Salivary and plasma testosterone levels in patients with PCO (20.6 +/- 8.5 and 626 +/- 187 pg/ml respectively, n = 14) and in those with hirsutism (13.9 +/- 5.6 and 421 +/- 170 pg/ml, n = 30) were significantly higher (P less than 0.001) than levels in normal women (7.7 +/- 2.6 and 196 +/- 68 pg/ml, n = 36). Treatment for 3 months with CA and EE resulted in a decrease (mean 68%) in salivary testosterone levels in all patients studied (n = 15), but the suppression of plasma testosterone (mean 34%) was not observed in all cases. It is concluded that measurement of salivary testosterone gives a useful indication of levels of biologically available androgen in hyperandrogenic women, before and during CA/EE therapy.

Bolaji II.  Sero-salivary progesterone correlation. Int J Gynaecol Obstet. 1994 May;45(2):125-31. 


OBJECTIVES: The use of saliva has many advantages and the concentration of some sex steroids in saliva generally reflect serum levels. However, recently doubts have been cast on this relationship. This study was undertaken to establish any correlation between serum and salivary progesterone in quiescent and dynamic states. METHODS: Serum and salivary progesterone were measured in normally cycling (N = 23), pregnant (N = 10) and 5 postmenopausal women on hormone replacement therapy, using non-isotopic enzyme immunoassay on microtiter plates developed in this unit. RESULTS: Salivary progesterone was found to be approximately 1% of serum progesterone in normally cycling and pregnant women. There was good positive correlation between serum and salivary progesterone in normally cycling, pregnant and the postmenopausal women. The linear regression equation is y = 0.009x + 0.035: r = 0.987, P < 0.001; y = -0.011x -0.079: r = 0.958, P < 0.001; and y = 0.014x + 1.18: r = 0.714, P < 0.001, respectively. The maximum concentration of progesterone in postmenopausal women was achieved simultaneously in serum and saliva at 2 h post therapy thereby supporting the theory of rapid ultrafiltration of steroids from blood to saliva. CONCLUSIONS: Salivary progesterone measurement reflects serum concentration and provide an attractive alternative to serum measurement. It should become increasingly popular in gynecological and endocrinological investigations especially in longitudinal studies.

Cardoso EM, Arregger AL, Tumilasci OR, Contreras LN. Diagnostic value of salivary cortisol in Cushing's syndrome. Clin Endocrinol (Oxf). 2008 Aug 15;999 (999A).     

Objective: the diagnosis of Cushing s syndrome (CS) remains a challenge in clinical endocrinology.The aim of this study was to determine the reproducibility and diagnostic value of late night salivary cortisol (SAF(23)) for CS and its utility along the follow-up of treated patients. In addition, using the same radioimmunoassay reactives, the cut-off values for saliva and serum cortisol, assessed synchronically after the overnight 1 mg dexamethasone suppression test (DST) were defined. Design: twenty one patients with confirmed CS and 121 volunteers (C) were studied. They all collected 24 hour urine for cortisol (UFC). The same day whole saliva was obtained at 23h for SAF(23). The intra-class coefficient of correlation (ICC) of SAF (23) was estimated in 47 subjects (21 CS and 26 C). At 8 h, after DST, simultaneous saliva and serum samples for cortisol (SAF(dex) and F(dex), respectively) were obtained in 51 subjects (17 CS and 34 C). After specific therapy 18 patients with CS were followed with SAF(23 )measurements. SAF and F were expressed as nM. Results: The ICC of SAF(23 )was 0.89 in CS and 0.83 in C. SAF(23 )> 3.8 nM showed a sensitivity (S) and specificity (E) of 100% and 97.5 %, respectively for diagnosing CS. SAF(23 )correlated positively with UFC ( r = 0.685; p=0.0001). After DST, SAF(dex )significantly correlated with F(dex) (r = 0.61, p < 0.0001). A cut-off value of SAF(dex )>2.0 nM and F( dex )> 50.0 nM detected CS with 100% S and E. After successful surgical therapy, 13 patients with CS had SAF(23 )levels < 3.8 nM (1.4 +/- 0.8 nM). Conclusions: SAF(23) and SAF(dex) seem to be good screening tools based on their non invasive nature, remarkable reproducibility and diagnostic performances.

Contreras LN, Arregger AL, Persi GG, Gonzalez NS, Cardoso EM.  A new less-invasive and more informative low-dose ACTH test: salivary steroids in response to intramuscular corticotrophin. Clin Endocrinol (Oxf). 2004 Dec;61(6):675-82.

OBJECTIVE: The intravenous low-dose ACTH test has been proposed as a sensitive tool to assess adrenal function through circulating steroids. The aims of this study were to: (a) find the minimal intramuscular ACTH dose that induced serum and salivary cortisol and aldosterone responses equivalent to those obtained after a pharmacological dose of ACTH; and (b) define the minimum normal salivary cortisol and aldosterone responses in healthy subjects to that dose of ACTH. We also compared the performances of the standard- and low-dose ACTH intramuscular tests to screen patients with known hypothalamo-pituitary-adrenal impairments. DESIGN: Rapid ACTH tests were performed in individuals using various intramuscular doses (12.5, 25 and 250 microg) at 2-week intervals. SUBJECTS: Twenty-one healthy volunteers and 19 patients with primary (nine cases) and secondary (10 cases) adrenal insufficiency. MEASUREMENT: Serum and salivary cortisol and aldosterone concentrations were measured at baseline and after ACTH. Serum cortisol > or = 552.0 nmol/l and aldosterone > or = 555.0 pmol/l concentrations at 30 min after 250 microg of ACTH were defined as normal responses. RESULTS: In healthy volunteers cortisol and aldosterone responded to ACTH in a dose-dependent manner. The time to peak in saliva for each steroid was delayed as the dose of ACTH increased. The minimum ACTH dose that produced equivalent steroid responses at 30 min to 250 microg of ACTH (standard-dose test; SDT) was 25 microg (low-dose test; LDT). Saliva collection 30 min after LDT and SDT showed cortisol and aldosterone concentrations of at least 20.0 nmol/l and 100.0 pmol/l, respectively. These values were defined as normal steroid responses. Blunted salivary steroid responses to LDT and SDT were found in all patients with primary adrenal insufficiency. Subnormal salivary cortisol levels in response to LDT and SDT were found in all patients with secondary adrenal insufficiency. In five patients full recovery of adrenal function was demonstrated by both tests after steroid withdrawal. In the follow-up of four patients studied during the recovery period, subnormal SAF response after LDT and normal after SDT was demonstrated. Preservation of the adrenal glomerulosa was found in all the patients with secondary adrenal insufficiency through the normal rise in salivary aldosterone after both LDT and SDT. CONCLUSIONS: Adrenal function can be accurately investigated with simultaneous measurements of salivary cortisol and aldosterone in response to 25 microg of corticotrophin injected into the deltoid muscle. Our data suggest that this may become a useful and relatively noninvasive clinical tool to detect subclinical hypoadrenal states.

Dorn LD, Lucke JF, Loucks TL, Berga SL. Salivary cortisol reflects serum cortisol: analysis of circadian profiles. Ann Clin Biochem. 2007 May;44(Pt 3):281-4.

BACKGROUND: Technical hurdles limit the characterization of key hormonal rhythms. Frequent sampling increases detection of changes in magnitude or circadian and ultradian patterns, but limits feasibility for clinical or research settings. These caveats are particularly pertinent for cortisol, a hormone that displays a prominent circadian rhythm and whose magnitude is tightly regulated in the absence of biobehavioural challenge. Ideally, one would like to obtain samples non-invasively from a matrix of interest at frequent intervals. While many investigations have reported a high correlation between serum and salivary cortisol assays, the degree to which salivary cortisol reflects the circadian patterns of circulating cortisol concentrations has not been established across a 24 h period. METHODS: We obtained hourly serum and salivary samples over a 24 h period in nine adults in an inpatient setting. The circadian patterns for serum and salivary cortisol were analysed by harmonic regression. RESULTS: For all but two subjects (both on oral contraceptives), the salivary cortisol concentration was synchronous with the serum concentration, indicating that the salivary assay could be substituted for the serum assay to assess circulating rhythmicity across the 24 h time frame. CONCLUSIONS: This statistical model has distinct improvement over the correlational approach of examining serum and saliva cortisol relationships. Saliva cortisol appears to represent serum cortisol across the 24 h period, except for those on oral contraceptives.

Du JY, Sanchez P, Kim L, Azen CG, Zava DT, Stanczyk FZ. Percutaneous progesterone delivery via cream or gel application in postmenopausal women: a randomized cross-over study of progesterone levels in serum, whole blood, saliva, and capillary blood.Menopause. 2013 Nov;20(11):1169-75. 

OBJECTIVE: This study aims to investigate the distribution of progesterone in venous whole blood, venous serum, fingertip capillary blood, and saliva after its topical application in both cream and gel formulations. METHODS: Ten postmenopausal women were randomized to receive 80 mg of progesterone cream or gel applied daily for 14 days, crossing over after a 14-day washout. On the last day of each treatment period, venous blood, fingertip capillary blood, and saliva were sampled frequently for 24 hours after the final application. RESULTS: After progesterone cream or gel application, serum progesterone levels rose gradually, reaching a peak at 9 and 8 hours, respectively; AUC(0-24) h was significantly higher with cream (12.39 vs 8.32 ng h mL(-1), P = 0.0391). Whole venous blood levels followed a pattern similar to that of serum but were considerably lower. Saliva progesterone showed a peak at 1 and 6 hours after cream and gel application, respectively, and C(max) was comparable with cream and gel. Saliva AUC(0-24) h was substantially higher than the corresponding area under the curve for serum or whole blood but did not differ significantly by delivery method (39.02 and 58.37 ng h mL(-1), P = 0.69). In capillary blood, C(max) was reached at the same time (8 h) and was similar with both formulations; AUC(0-24) h was also similar with both formulations (1,056 ng h mL(-1) for cream and 999 ng h mL(-1) for gel) but was dramatically higher than the corresponding areas under the curve for venous serum and whole blood. CONCLUSIONS: After application of topical progesterone, saliva and capillary blood levels are approximately 10-fold and 100-fold greater, respectively, than those seen in serum or whole blood. High capillary blood and saliva levels indicate high absorption and transport of progesterone to tissues. Reliance on serum levels of progesterone for monitoring topical dose could lead to underestimation of tissue levels and consequent overdose. PMID:   23652031

Gozansky WS, Lynn JS, Laudenslager ML, Kohrt WM. Salivary cortisol determined by enzyme immunoassay is preferable to serum total cortisol for assessment of dynamic hypothalamic--pituitary--adrenal axis activity. Clin Endocrinol (Oxf). 2005 Sep;63(3):336-41. 


OBJECTIVE: The aim of this study was to determine whether salivary cortisol measured by a simple enzyme immunoassay (EIA) could be used as a surrogate for serum total cortisol in response to rapid changes and across a wide range of concentrations. DESIGN: Comparisons of matched salivary and serum samples in response to dynamic hypothalamic-pituitary-adrenal (HPA) axis testing. Subjects Healthy women (n=10; three taking oral oestrogens) and men (n=2), aged 23--65 years, were recruited from the community. Measurements Paired saliva and serum samples were obtained during three protocols: 10 min of exercise at 90% of maximal heart rate (n=8), intravenous administration of corticotrophin-releasing hormone (CRH; n=4), and dexamethasone suppression (n=7). Cortisol was measured in saliva using a commercial high-sensitivity EIA and total cortisol was measured in serum with a commercial radioimmunoassay (RIA). Results The time course of the salivary cortisol response to both the exercise and CRH tests paralleled that of total serum cortisol. Salivary cortisol demonstrated a significantly greater relative increase in response to the exercise and CRH stimuli (697+/- 826%vs. 209+/- 150%, P=0.04 saliva vs. serum). A disproportionately larger increase in free cortisol, compared with total, would be expected when the binding capacity of cortisol-binding globulin (CBG) is exceeded. In response to dexamethasone suppression, relative decreases in cortisol were not significantly different between the two media (-47+/- 56%vs.-84+/- 8%, P=0.13 saliva vs. serum). Although a significant linear correlation was found for all paired salivary and serum total cortisol samples (n=183 pairs, r=0.60, P<0.001), an exponential model provided a better fit (r=0.81, P<0.001). The linear correlations were strengthened when data from subjects on oral oestrogens (n=52 pairs, r=0.75, P < 0.001) were separated from those not taking oestrogens (n=131 pairs, r=0.67, P<0.001). Conclusions Salivary cortisol measured with a simple EIA can be used in place of serum total cortisol in physiological research protocols. Evidence that salivary measures represent the biologically active, free fraction of cortisol includes: (1) the greater relative increase in salivary cortisol in response to tests that raise the absolute cortisol concentration above the saturation point of CBG; (2) the strong exponential relationship between cortisol assessed in the two media; and (3) the improved linear correlations when subjects known to have increased CBG were analysed separately. Thus, an advantage of measuring salivary cortisol rather than total serum cortisol is that it eliminates the need to account for within-subject changes or between-subject differences in CBG.

Granger DA, Shirtcliff EA, Booth A, Kivlighan KT, Schwartz EB. The "trouble" with salivary testosterone. Psychoneuroendocrinology. 2004 Nov;29(10):1229-40. 


In a series of studies, we identify several specific issues that can limit the value of integrating salivary testosterone in biosocial research. Salivary testosterone measurements can be substantially influenced during the process of sample collection, are susceptible to interference effects caused by the leakage of blood (plasma) into saliva, and are sensitive to storage conditions when samples have been archived. There are gender differences in salivary testosterone levels and variance, the serum-saliva association, the relationship of salivary testosterone to age and pubertal development, and the stability of individual differences in salivary testosterone levels over time. The findings have important implications at several levels of analysis for research that aims to test biosocial models of testosterone--behavior relationships. Recommendations are provided to steer investigators around these "troubles" with salivary testosterone.

Granger DA, Cicchetti D, Rogosch FA, Hibel LC, Teisl M, Flores E. Blood contamination in children's saliva: prevalence, stability, and impact on the measurement of salivary cortisol, testosterone, and dehydroepiandrosterone. Psychoneuroendocrinology. 2007 Jul;32(6):724-33. Epub 2007 Jun 20.


The prevalence, stability, and impact of blood contamination in children's saliva on the measurement of three of the most commonly assayed hormones were examined. Participants were 363 children (47% boys; ages 6-13 years) from economically disadvantaged families who donated saliva samples on 2 days in the morning, midday, and late afternoon. Samples (n=2178) were later assayed for cortisol (C), testosterone (T), and dehydroepiandrosterone (DHEA). To index the presence of blood (and its components) in saliva, samples were assayed for transferrin. Transferrin levels averaged 0.37 mg/dl (SD=0.46, range 0.0-5.5, Mode=0), and were: (1) highly associated within individuals across hours and days, (2) positively correlated with age, (3) higher for boys than girls, (4) higher in PM than AM samples, and (5) the highest (>1.0 mg/dl) levels were rarely observed in samples donated from the same individuals. Transferrin levels were associated with salivary DHEA and C, but less so for T. As expected, the relationships were positive, and explained only a small portion of the variance. Less than 1% of the statistical outliers (+2.5 SDs) in salivary hormone distributions had correspondingly high transferrin levels. We conclude that blood contamination in children's saliva samples is rare, and its effects on the measurement of salivary hormones is small. Guidelines and recommendations are provided to steer investigators clear of this potential problem in special circumstances and populations.

Herges H, Klinger W, Gethmann U, Knuppen R. Determining progesterone in saliva Zentralbl Gynakol. 1992;114(11):533-8.

A radioimmunoassay for the determination of progesterone in saliva using a 125J-labelled progesterone derivate has been developed. The assay is characterized by the excellent sensitivity of 3.12 pg progesterone/ml. During the menstrual cycle of normal women the biphasic rhythm of progesterone in saliva could not been clearly demonstrated. In the follicle phase high peaks of progesterone have been shown and even in the luteal phase individual low values have been observed. The circadian rhythms of progesterone in saliva are characterized by irregular oscillations. The saliva flow rate is not responsible for the progesterone concentration. The measurement of progesterone in serum seems to be more useful in the diagnosis of sterility.

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 The permeability of the human red cell membrane to steroid sex hormones. J.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.
Labrie C, Flamand M, Belanger A, Labrie F. High bioavailability of dehydroepiandrosterone administered percutaneously in the rat. J Endocrinol. 1996 Sep;150 Suppl:S107-18. 

    Dehydroepiandrosterone (DHEA) administered percutaneously by twice daily application for 7 days to the dorsal skin of the rat stimulates an increase in ventral prostate weight with approximately one third the potency of the compound given by subcutaneous injection. The doses required to achieve a 50% reversal of the inhibitory effect of orchiectomy are approximately 3 and 1 mg respectively. By the oral route, on the other hand. DHEA has only 10-15% of the activity of the compound given percutaneously. Taking the bioavailability obtained by the subcutaneous route as 100%, it is estimated that the potencies of DHEA by the percutaneous and oral routes are approximately 33 and 3% respectively. Similar ratios of activity were obtained when dorsal prostate and seminal vesicle weight were used as parameters of androgenic activity. When examined on an estrogen-sensitive parameter, namely uterine weight in ovariectomized rats, the stimulatory effect of DHEA was much less potent than its androgenic activity measured in the male animal, a 50% reversal of the inhibitory effect of ovariectomy on uterine weight being observed at the 3 and 30 mg doses of DHEA administered by the subcutaneous and percutaneous routes respectively. When measured on uterine weight, percutaneous DHEA thus shows a 10% potency compared with the subcutaneous route. The sulfate of DHEA (DHEA-S), on the other hand, was approximately 50% as potent as DHEA at increasing ventral prostate weight after subcutaneous or percutaneous administration. When the effect was measured on dorsal prostate and seminal vesicle weight, percutaneous DHEA-S had 10-25% of the activity of DHEA. DHEA decreased serum LH levels in ovariectomized animals, an effect which was completely reversed by treatment with the antiandrogen flutamide. On the other hand, flutamide had no significant effect on the increase in uterine weight caused by DHEA, thus suggesting a predominant estrogenic effect of DHEA at the level of the uterus and an estrogenic effect on the feedback control of LH secretion. The present data show a relatively high bioavailability of percutaneous DHEA as measured by its androgenic and/or estrogenic biological activity in well-characterized peripheral target intracrime tissues in the rat.

Laudat MH, Cerdas S, Fournier C, Guiban D, Guilhaume B, Luton JP. Salivary cortisol measurement: a practical approach to assess pituitary-adrenal function. J Clin Endocrinol Metab. 1988 Feb;66(2):343-8.

The salivary cortisol concentration is an excellent indicator of the plasma free cortisol concentration. To establish its normal and pathological ranges, salivary cortisol concentrations were measured in 101 normal adults, 18 patients with Cushing's syndrome, and 21 patients with adrenal insufficiency. The normal subjects had a mean (+/- SEM) salivary cortisol concentration of 15.5 +/- 0.8 nmol/L (range, 10.2-27.3) at 0800 h and 3.9 +/- 0.2 nmol/L (range, 2.2-4.1) at 2000 h (n = 20). The mean value 60 min after ACTH administration in 58 normal subjects was 52.2 +/- 2.2 nmol/L (range, 23.5-99.4), and it was 1.4 +/- 1.1 nmol/L (range, 1.6-3) at 0800 h in 23 normal subjects given 1 mg dexamethasone 8 h earlier. In patients with primary or secondary adrenal insufficiency (n = 21) the mean salivary cortisol level was 7.5 +/- 0.4 nmol/L (range, 1.9-21.8) 60 min after ACTH. In patients with Cushing's syndrome (n = 7), the mean value after the 1-mg dexamethasone suppression test was 16.1 +/- 7.8 nmol/L (range, 5.8-66.8). No overlap was found between the values in the normal subjects and those in the patients during the dynamic tests. Discrepancies between salivary and total plasma cortisol were found in 8 patients with adrenal insufficiency, which may be explained by the effects of drugs such as thyroid hormones, Op'-dichlorodiphenyldichloroethane, and psychotropic agents. We conclude that salivary cortisol measurements are an excellent index of plasma free cortisol concentrations. They circumvent the physiological, pathological, and pharmacological changes due to corticosteroid-binding globulin alterations and offer a practical approach to assess pituitary-adrenal function.

Løvås K, Husebye ES. [Salivary cortisol in adrenal diseases] Tidsskr Nor Laegeforen. 2007 Mar 15;127(6):730-2.

BACKGROUND: Salivary cortisol reflects the free and biologically active fraction of cortisol in serum. We evaluated the usefulness of salivary cortisol measurements in the assessment of Cushing's syndrome and adrenal insufficiency. METHODS: Publications about salivary cortisol were found in PubMed (search terms: salivary cortisol and Cushing's syndrome or adrenal insufficiency). Salivary cortisol was measured at nighttime (between 10 pm and midnight) in parallel with conventional diagnostic procedures in patients evaluated for Cushing's syndrome at Haukeland University Hospital. Cortisol was analysed in saliva and serum for patients evaluated for adrenal insufficiency by Synacthen testing. RESULTS: Nighttime saliva cortisol has similar sensitivity and specificity for Cushing's syndrome as other screening methods. INTERPRETATION: The method is simple and we recommend saliva cortisol as a first line screening method for Cushing's syndrome. The method may simplify and improve the assessment of adrenal insufficiency.

Marcus-Perlman Y, Tordjman K, Greenman Y, Limor R, Shenkerman G, Osher E, Stern N. Low-dose ACTH (1 microg) salivary test: a potential alternative to the classical blood test.Clin Endocrinol (Oxf). 2006 Feb;64(2):215-8.    

OBJECTIVES: Salivary cortisol is unaffected by cortisol binding globulin (CBG) and hence allows CBG-related variations in serum total cortisol to be bypassed. We assessed whether or not salivary cortisol can be used for the low-dose (1 microg) ACTH test in subjects with presumed normal and elevated levels of CBG. PATIENTS/METHODS: We measured serum and salivary cortisol responses to intravenous administration of 1 microg ACTH in 14 healthy volunteers, 14 'hyperoestrogenic' women [in their first or early second trimester of pregnancy, using oral contraceptives (OC) or on hormone replacement therapy (HRT)] and 10 patients with secondary hypoadrenalism. Cortisol levels were recorded before as well as 30 and 60 min (+30; +60 min) after ACTH administration. RESULTS: Baseline salivary cortisol did not differ significantly between the hypoadrenal and healthy patients (7.11+/-1.4 and 12.13+/-1.59 nmol/l; P=0.48) but there was a significant difference between hypoadrenal and hyperoestrogenic patients (18.94+/- 3.44 nmol/l; P=0.01). The largest difference between hypoadrenal patients and healthy individuals was observed at+30 min (9.16+/-2.8, 52.65+/-8.78 and 48.81+/- 6.9 nmol/l, in the hypoadrenal, healthy and hyperoestrogenic patients, respectively; P< 0.05). At this time-point values< 24.28 nmol/l were found in all hypoadrenal patients and cortisol levels >or= 27.6 nmol/l were found in 26 out of 28 healthy volunteers. ACTH-stimulated serum cortisol but not salivary cortisol was significantly higher in hyperoestrogenic women than in the healthy volunteers at either+30 or+60 min. CONCLUSIONS: The salivary low-dose ACTH test yields results that parallel the response of circulating cortisol to ACTH and may provide an alternative to the blood test, particularly in situations where increased CBG levels complicate the changes in serum cortisol levels.

McCracken JA, Schramm W, Einer-Jensen N. The structure of steroids and their diffusion through blood vessel walls in a counter-current system. Steroids. 1984 Mar;43(3):293-303. 
   

Several substances including prostaglandin F2 alpha, progesterone and 85-krypton have been shown to be transferred from the venous side to the arterial side of the circulation in the ovarian vascular pedicle. Experiments were therefore carried out to study the transfer of three pairs of steroids (progesterone and 20 alpha-dihydroprogesterone, C-21; androstenedione and testosterone, C-19; and estrone and estradiol-17 beta, C-18) in which each member of a pair differed by one hydroxyl group. Each pair of steroids, one labeled with 3H and the other with 14C, were infused in sequence for 30 minutes into a side branch of an ovarian vein near the hilus of the ovary with a rest period of 90 minutes between infusions. An increase in radioactivity in ovarian arterial plasma compared to the radioactivity in an equal volume of aortic plasma sampled simultaneously was used as the index for a direct transfer of steroids from the ovarian vein to the adjacent ovarian artery. All six steroids showed such a transfer which began 3 to 6 minutes after the start of each infusion and decreased rapidly after the infusion was stopped. The results of this study also showed that a larger quantity of the less polar (ketonic) form of each steroid pair examined was transferred than its hydroxyl counterpart.

Perry LA, Wathen N, Chard T.Horm Metab Res. 1987 Sep;19(9):444-7. Saliva levels of oestradiol and progesterone in relation to non-protein-bound concentrations in blood during late pregnancy.

Serum and saliva samples were obtained from 25 women in the last eight weeks of pregnancy. The concentrations of oestradiol and progesterone were measured by radioimmunoassay. The proportion of each hormone which was not bound to protein in serum was measured by centrifugal ultrafiltration: for progesterone the unbound fraction was 2.5% (2.13--2.78%) and for oestradiol 1.27% (1--1.83%). There was only a weak relationship between the free hormone concentrations estimated in blood and the levels measured in saliva. We conclude that, for the situation examined here, saliva does not provide a useful measure of unbound, biologically active steroid.

Qureshi AC, Bahri A, Breen LA, Barnes SC, Powrie JK, Thomas SM, Carroll PV. The influence of the route of oestrogen administration on serum levels of cortisol-binding globulin and total cortisol. Clin Endocrinol (Oxf). 2007 May;66(5):632-5.


OBJECTIVES: Oral oestrogen preparations increase total cortisol concentration by increasing circulating cortisol-binding globulin (CBG) levels. Transdermal oestrogen treatments are being used increasingly in clinical practice. These topical preparations may have less of an effect on CBG and hence on total serum cortisol levels by reducing hepatic oestrogen exposure. The purpose of this study was to compare the effects of oral and topical oestrogen treatments on CBG, total serum cortisol and salivary cortisol levels. DESIGN AND PATIENTS: This was a single-centre, cross-sectional study of 37 women aged 33 +/- 6 years (mean +/- SD). Fourteen women were using oral oestrogen therapy, eight were using transdermal therapy and 15 were oestrogen-naïve control subjects. MEASUREMENTS: Following a screening visit, the subjects attended the endocrine investigation unit following an overnight fast. Blood and salivary samples were taken from 0830 to 0930 h between days 10 and 18 of the menstrual cycle (where appropriate). RESULTS: Total serum cortisol concentrations were 67% higher in those receiving oral oestrogen when compared to control subjects (660.9 +/- 89.9 vs. 395.4 +/- 53.2 nmol/l, P < 0.001). Values in those receiving transdermal oestrogen (334.7 +/- 72.0 nmol/l) were no different from the control group. CBG levels were higher in those on oral oestrogen therapy (110.9 +/- 19.6 mg/l, P < 0.001) when compared with either those on transdermal oestrogen (51.0 +/- 5.4 mg/l) or the control population (49.0 +/- 11.8 mg/l). Similar salivary cortisol concentrations were recorded in the three groups (controls 13.8 +/- 2.6 nmol/l, oral oestrogen 15.5 +/- 2.6 nmol/l, transdermal oestrogen 15.7 +/- 3.9 nmol/l). CONCLUSIONS: Oral oestrogen-containing preparations increase total cortisol levels by increasing circulating CBG concentration. These effects were not seen in patients using transdermal oestrogen replacement. Although further studies are indicated, it is probably unnecessary to routinely discontinue transdermal oestrogen replacement when performing an assessment of the hypothalamic-pituitary-adrenal (HPA) axis or evaluating adequacy of hydrocortisone replacement.
Raff H, Raff JL, Duthie EH, Wilson CR, Sasse EA, Rudman I, Mattson D. Elevated salivary cortisol in the evening in healthy elderly men and women: correlation with bone mineral density. J Gerontol A Biol Sci Med Sci. 1999 Sep;54(9):M479-83. 

BACKGROUND: Aging is associated with a loss of bone mineral density (BMD) in men and women. Loss of BMD can also be caused by hypercortisolemia in men or women at any age. This study measured salivary cortisol at 2300 h and 0700 h as indices of cortisol secretory activity in 228 elderly, community-dwelling subjects. Salivary cortisol results were correlated with BMD. We hypothesized that salivary cortisol is elevated at 2300 h in elderly people, and that salivary cortisol will correlate negatively with BMD. METHODS: Saliva was sampled at 2300 h (nadir in circadian rhythm) and 0700 h (peak in circadian rhythm) in 130 men (70.7 +/- 0.4 years old) and 98 women (70.0 +/- 0.4 years old); approximately half of the women were receiving hormone replacement therapy (HRT). BMD was measured by dual energy x-ray absorptiometry. RESULTS: Salivary cortisol at 2300 h was significantly elevated in men (2.3 +/- 0.1 nmol/L) and women (2.1 +/- 0.1 nmol/L) as compared to 73 younger controls (1.2 +/- 0.1 nmol/L; 37 +/- 1 year old). Salivary cortisol at 0700 h was not different between older subjects and younger controls. There was a significant negative correlation of lumbar (L2-4) BMD and 2300 h salivary cortisol in older women (r = -0.20, p = .05; n = 98); this correlation was significant only in women not on HRT. There was a highly significant negative correlation of lumbar (L2-4) BMD and 0700 h salivary cortisol in older men (r = -0.31, p = .0003). CONCLUSIONS: Salivary cortisol is a simple, nonstressful method for assessing activity of the hypothalamic-pituitary-adrenal (HPA) axis in the elderly population. A major finding was an elevation in the late night nadir in cortisol secretion. We also suggest that elevated cortisol secretion in elderly people may contribute to the age-related loss in bone mineral density and that this effect is prevented by HRT.

Rolf C; Knie U; Lemmnitz G; Nieschlag E Interpersonal testosterone transfer after topical application of a newly developed testosterone gel preparation. Clin Endocrinol (Oxf) 2002 May;56(5):637-41.

OBJECTIVE: Transdermal testosterone gel treatment is an effective androgen substitution therapy with several advantages over conventional substitution therapies. Whereas side-effects due to overdosing of hypogonadal patients are unlikely, testosterone gel application without protection may cause severe side-effects in other subjects (partners, family members) by contamination. Therefore, the risk of testosterone transfer of a newly developed 2.5% testosterone gel preparation was evaluated. DESIGN: In two clinical randomized open single-centre studies on healthy male volunteers the percentage of testosterone remaining on the skin after gel application over time (n = 12) and the possibility of a transfer of testosterone to another person (n = 28) was evaluated. In the second study the endogenous testosterone production in the receiving subjects was suppressed by injecting 400 mg norethisterone enanthate (NETE). RESULTS: After 8 h approximately 60% of testosterone applied to the skin could be recovered. When the skin had been previously washed with water, only about 14% of applied testosterone could be recovered. After intense skin contact with a volunteer who had applied testosterone before on his forearm, no increase in testosterone serum levels could be found in NETE-suppressed men. CONCLUSION: Although considerable amounts of testosterone remain on the intact skin for several hours after evaporation of the alcohol vehicle, contamination of a second, especially female or prepubertal, subject causing side-effects seems very unlikely.

Umeda T, Hiramatsu R, Iwaoka T, Shimada T, Miura F, Sato T. Use of saliva for monitoring unbound free cortisol levels in serum. Clin Chim Acta. 1981 Mar 5;110(2-3):245-53.

In order to verify the clinical usefulness of saliva in assessing the adrenocortical function, we measured saliva cortisol levels by a radioimmunoassay after extraction with dichloromethane, and compared the results with the levels of serum unbound cortisol determined by the method of equilibrium dialysis. Paired samples of saliva and serum were obtained from 10 healthy male volunteers. Morning levels of saliva cortisol and serum unbound cortisol were 0.99 +/- 0.42 and 1.56 +/- 0.54 microgram/100 ml, respectively, where serum total cortisol was 19.28 +/- 3.56 microgram/100 ml. A well-defined diurnal rhythm and a greater response to ACTH stimulation were observed in saliva cortisol than in serum total cortisol. Kinetic study of injected cortisol revealed almost identical values for the compartments of saliva cortisol and serum unbound cortisol. The correlation coefficient (r) between the levels of saliva cortisol and serum unbound cortisol was 0.893 (p less than 0.001, n = 150). From these results we concluded that the measurement of saliva cortisol can be used sufficiently to monitor unbound free concentrations in serum.

Walker RF, Riad-Fahmy D, Read GF. Adrenal status assessed by direct radioimmunoassay of cortisol in whole saliva or parotid saliva. Clin Chem. 1978 Sep;24(9):1460-3.

We describe a direct radioimmunoassay for cortisol in 10-microliter volumes of parotid saliva or whole saliva. Binding proteins are absent from these fluids, as demonstrated by the excellent correlation between results for samples assayed directly and by a comparison procedure involving extraction with 1,2-dichloroethane. The direct assay is specific, precise, and had a lower limit of sensitivity of 4 pg per assay tube. Comparison of cortisol concentrations in plasma, parotid saliva, and whole saliva in persons undergoing investigations for assessing adrenal function, including stimulation with cosyntropin (Synacthen) and suppression with dexamethasone, indicated that changes in plasma cortisol concentration were accurately and immediately reflected in saliva from either the parotidgland or whole saliva. A marked circadian rhythm has also been demonstrated for cortisol in parotid-gland saliva and whole saliva. We had to modify the 1,2-dichloroethane extraction procedure for accurate determination of cortisol in parotid saliva and whole saliva of patients undergoing treatment with metyrapone.

Wang DY, Knyba RE. Salivary progesterone: relation to total and non-protein-bound blood levels.J Steroid Biochem. 1985 Dec;23(6A):975-9. 


The daily amounts of salivary progesterone have been determined over the complete menstrual cycle for 9 normal women. The level of progesterone during the follicular phase was about 150 pmol/l and increased significantly to about 350 pmol/l during the luteal phase of the menstrual cycle. The amounts of salivary progesterone were significantly correlated with those in blood (P less than 0.001) in paired saliva-blood specimens taken from 96 women. Although these volunteers comprised patients with benign and malignant breast disease and normal unaffected women, the relationship between salivary and blood progesterone was similar for all groups. The concentration of non-protein-bound progesterone was determined using equilibrium dialysis. To correct for serum dilution the linear relationship between the percentage of progesterone bound and the reciprocal of serum dilution has been exploited. The values of non-protein-bound progesterone obtained were significantly and linearly correlated with levels in saliva (r = 0.75, P less than 0.001, d.f. = 34) although the amount of free progesterone in blood was about five times that found in saliva.

Wood P. Salivary steroid assays - research or routine? Ann Clin Biochem. 2009 May;46(Pt 3):183-96. 
Salivary concentrations of unconjugated steroids reflect those for free steroids in serum although concentrations may differ because of salivary gland metabolism. Samples for salivary steroid analysis are stable for up to 7 days at room temperature, one month or more at 4 degrees C and three months or more at -20 degrees C. When assessed against strict criteria, the evidence shows that salivary cortisol in evening samples or following dexamethasone suppression provides a reliable and effective screen for Cushing's syndrome. Sequential salivary cortisol measurements are also extremely helpful for the investigation of suspected cyclical Cushing's syndrome. There is potential for the identification of adrenal insufficiency when used with Synacthen stimulation. Salivary17-hydroxyprogesterone and androstenedione assays are valued as non-invasive tests for the home-monitoring of hydrocortisone replacement therapy in patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency. The diagnostic value of salivary oestradiol, progesterone, testosterone, dehydroepiandrosterone and aldosterone testing is compromised by rapid fluctuations in salivary concentrations of these steroids. Multiple samples are required to obtain reliable information, and at present the introduction of these assays into routine laboratory testing is not justified.

Wong YF, Mao K, Panesar NS, Loong EP, Chang AM, Mi ZJ.Salivary estradiol and progesterone during the normal ovulatory menstrual cycle in Chinese women.

Salivary and serum levels of estradiol and progesterone were measured by radioimmunoassay in 10 Chinese women during their normal menstrual cycles. Changes in salivary estradiol and progesterone levels followed a similar pattern to that in the serum. Significant correlation was found between salivary and serum levels of estradiol and progesterone (p less than 0.001). Measurements of these salivary steroids may be used to assess follicular dynamics. Moreover, salivary sampling is simple, convenient and stress free.

