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Abstract

The 17α-hydroxylase-17,20-lyase enzyme has a key role in adrenal steroid synthesis. The same protein catalyzes both functions. 
The lyase is needed for synthesis of adrenal androgens while the 17α-hydroxylase is needed for synthesis of cortisol. However, there 
is little understanding of the regulatory process that determines how [a] adrenal androgen production (DHEA-sulfate) is initiated 
and/or [b] what controls whether the adrenal produces cortisol or corticosterone. 

This article describes a method to evaluate adrenal function and illustrates the results obtained in different disorders. Of particu-
lar importance, was the result in children with growth hormone deficiency. These children oversecreted corticosterone in response 
to ACTH and the response reverted to normal after 3 days of GH replacement therapy. The control group was children with short stat-
ure but who were not GH deficient. In that group, the 3 day course of GH therapy, did not change the corticosterone response to ACTH. 
We concluded that GH stimulated 17α-hydroxylase-17,20-lyase activity and GH deficient individuals would be expected to have low 
DHEA-S levels, low cortisol levels and elevated corticosterone levels. In fact, many studies have shown that GH secretion decreases 
as we grow older and that DHEA-S serum levels decrease with age. We propose that these are not independent observations but are 
related as cause and consequence.

Although the function of DHEA-S remains unknown, the same is not true for corticosterone because it functions as a mineralo-
corticoid. Individuals with GH deficiency have elevated corticosterone levels. This initiates the mineralocorticoid receptor cascade: 
[a] synthesis of epithelial sodium channels, [b] hypokalemia, [c] spiral steroid synthesis, [d] Na-K-ATPase regulation and [e] hyper-
tension. Prior to the discovery of the spiral steroids (step c) and their function, when other causes of hypertension were eliminated, 
patients were diagnosed as having essential hypertension or, perhaps, low renin hypertension. We knew all along there had to be a 
cause of essential hypertension. Potentially, we can now diagnose and monitor essential hypertension by measuring spiral steroids, 
the missing link in the endocrine cascade. Thus, one cause of essential hypertension may be inadequate 17α-hydroxylase due to GH 
deficiency..
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Introduction

The major site of synthesis for many steroids is the adrenal. Most steroids are synthesized and secreted episodically with a major epi-
sode as part of the ‘dawn’ phenomenon. Consequently, a single serum sample is seldom adequate for evaluation without knowledge of the 
last episode. As a child develops, evaluation of adrenal function is complicated by advancing adrenarche and puberty. As adults age, the 
synthesis of adrenal androgens decline. To evaluate both processes, endocrinologists rely on measuring steroids secreted after an ACTH 
challenge, typically after overnight dexamethasone suppression. The purpose of the dexamethasone is to suppress the dawn phenom-
enon, thus avoiding potential confusion caused by carryover secretion rather than from the external ACTH bolus [1].

The disorders can be separated into several categories:

•	 Syndromes: (symptoms without knowledge of pathogenesis): 

•	 Premature adrenarche in boys [1].

•	 Premature adrenarche in girls [1].

•	 Risk of 2nd Miscarriage [2].

•	 Inherited diseases: (mutations in a known gene)

•	 21-hydroxylase deficiency (congenital adrenal hyperplasia) [3].

•	 7-dehydrosterol reductase deficiency (Smith-Lemli-Opitz syndrome [4].

•	 IGF deficiency secondary to acquired growth hormone deficiency [5]:

•	 PTSD [6-8] (hypothalamic hyperfunction). 

•	 Essential hypertension (perhaps low renin hypertension) [9].

Methods and Procedures

Clinical: The night before the test, 1 mg of dexamethasone should be administered at 2300. After the overnight fast, an in-dwelling iv 
line should be inserted; baseline serum samples should be collected every 15 minutes. After two baseline samples are obtained, an iv bo-
lus of 0.25 mg of synthetic ACTH (CortrosynTM) should be administered. Serum samples should be collected every 15 minutes for an hour 
after the ACTH bolus. The two baseline samples and the samples collected at 30 and 45 minutes after the ACTH bolus should be analyzed. 
The other two samples (15 minute and 60 minutes) need only be analyzed if the results of the primary samples are discordant [1].

Laboratory: Serum samples should be assayed for cortisol, corticosterone, DHEA, DHEA-Sulfate, 17-OHP and androstenedione. Testos-
terone should also be analyzed in samples from boys. 

Results and Discussion

One of the first uses of an ACTH tolerance test was to confirm the diagnosis of 21-hydroxylase deficiency (Type 3 response) and to 
identify carrier status in family members (Type 2 response) [3]. With the development of gene sequencing, this application is no longer 
necessary. Initially, the responses seemed to be a continuum, but clinical correlation distinguished three different types of 17-OHP re-
sponse (Figure 1 and table 1) and two different types of response for glucocorticoids based on the corticosterone response (Figure 2 and 
3 and table 2). 
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Group Type 1 Responders Type 2 Responders Total
Girls

Normal girls and women 13 1 14
Girls with PA 1 9 10

Total 14 10 24
Boys

Normal boys 12 0 12
Boys with PA 5 0 5

Total 17 0 17

Table 1: Type of response to ACTH in children with PA. 
The difference between girls with PA and normal girls was evaluated with the Wilcoxon rank sum test.  

This test was chosen because it does not assume a normal distribution. The result was significant at the P < 0.01 level [1].

Normal GH deficient
n 30 13

IGF1 (SmC) u/ml 0.86 ± 0.07 0.22 ± 0.05
Glucose (nadir) mg/dl 36 ± 3 31 ± 3

Cortisol
(Baseline) pg/d1 23 ± 1 19 ± 1

(Stimulated) µg/dl 23 ± 1 25 ± 2
Corticosterone

(Baseline) µg/dl 1.6 ± 0.2 1.7 ± 0.3
(Stimulated) µg/dl 1.9 ± 0.2 3.6 ± 0.4*

Table 2: Response to insulin induced hypoglycemia [5]. 
Notes: 

Stimulated samples - 40 min after insulin bolus. 
Values reported as mean + SEM. 

*p < 0.001 compared to normal (red box).

Figure 1: Serum 17-OHP response to ACTH after pretreatment with dexamethasone.  
Each value represents the mean 17-OHP concentration in serum obtained 20 and 45 minutes after ACTH infusion.  

The average 17-OHP concentration in each group is represented by the bar. The shaded area shows the normal  
range in 14 normal women and 26 normal men.
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Characterization of the 17-OHP response to ACTH after dexamethasone suppression

•	 Type 1 response - Average 17-OHP response less than 100 ng/dl. 

•	 Wild type for 21-hydroxylase - both gene copies are functional. 

Figure 2: Response to insulin-induced hypoglycemia.  
Panel A: A child with GH deficiency. Panel B: A short child without GH deficiency. 

At time ‘0’ each subject received 0.1 unit/pk of regular insulin as an iv bolus.  
Serum samples were taken at the indicated times. Blue lines - Cortisol. Red lines - Corticosterone. 

Figure 3: Effect of GH on corticosterone response to ACTH after dexamethasone suppression. Each of the values shown is the  
average of the samples taken 30 and 45 minutes after administration of ACTH. A shows the results in children with GH deficiency.  
B shows the results in short children without GH deficiency. C shows the corticosterone secretory response to a single injection of  

ACTH after dexamethasone suppression in children of normal stature. 
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•	 Type 2 response - average 17-OHP response between 100 ng/dl and 300 ng/dl.

•	 Pattern originally characterized as carrier for 21-hydroxylase deficiency.

•	 One copy of the gene is functional and one copy is non-functional 

•	 In addition to the gene for 21-hydroxylase, 7-dehydrosterol reductase deficiency carriers have a Type 2 response and 
there may be other genes with the same response. 

•	 Type 3 response - average 17-OHP response > 400 ng/dl - 21-hydroxylase deficiency 

•	 Pattern characteristic of classical 21-hydroxylase deficiency or one of the variants. Neither copy of the gene is fully 
functional. 

Syndromes and diseases with a type 2 response:

•	 Heterozygotes for 21-hydroxylase deficiency.

•	 Heterozygotes for 7-dehydrosterol reductase deficiency - Smith-Lemli-Opitz syndrome. We observed this response before the 
underlying biochemical defect had been discovered. 

•	 Girls (but not boys) with premature adrenarche. 

•	 Although the girls with PA have a similar response to that of the heterozygotes, that is not the explanation for the find-
ing. Similarly, it is not the explanation in boys. 

•	 Girls with pseudo-precocious puberty due to autonomous ovarian cysts [10]. 

•	 For these girls, overnight dexamethasone doesn’t suppress baseline 17-OHP levels.

•	 Women with polycystic ovarian disease [11].

•	 Women with a history of miscarriage [2]. 

•	 There seem to be other, unidentified, autosomal mutations that cause a Type 2 response in this group.

Although the mechanism for the initiation of PA remains unknown, an elevated 17-OHP (Type 2 response) that is not suppressed by 
overnight dexamethasone confirms androgens are being made but the cause is not heterozygotes for 21-hydroxylase deficiency. 

Characterization of the glucocorticoid response to ACTH after dexamethasone suppression: 

•	 Type A response - GH deficient [5]

•	 Cortisol < 23 µg/dl.

•	 Corticosterone > 3.6 µg/dl. 

•	 Ratio < 8. 
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•	 Type B response (wild type)

•	 Cortisol > 25 µg/dl.

•	 Corticosterone < 1.6 µg/dl.

•	 Ratio > 12.

Syndromes and diseases with a type A response

•	 Children with growth hormone deficiency [5]: 

•	 This is the prototype. A 3-day course of rhGH partially restored the Type B response.

•	 GH deficient patients have low IGF levels (both IGF1 and IGF2). 

•	 IGF levels increase with rhGH therapy. 

•	 All responses to hGH (except sweating) are mediated by IGF [12].

•	 Patients with post-traumatic stress disease (PTSD) [6,7].

A review of the clinical data for patients with PTSD noted most patients have a sleep disorder and do not experience REM sleep [6]. 
As most GH secretory episodes occur during REM sleep, PTSD patients would be expected to be GH deficient and, in fact, IGF levels were 
clearly below normal for age [8]. However, the IGF levels of combat soldiers were indistinguishable from non-combat soldiers in the same 
country. The investigators assumed that the non-combat soldiers would have adequate GH secretion and, therefore, both groups did 
not have GH deficiency. However, the correct conclusion might be that all soldiers in country had sleep disorders and were GH deficient. 
Whether the sleep disorder was caused by normal military activities or PTSD, specifically, could not be determined. 

Yehuda, with the same ACTH protocol test that described here, tested patients with PTSD. The patients had a Type A, below normal, 
cortisol response. However, corticosterone was not measured. To account for the response, Yehuda proposed that PTSD patients had a 
super-response to cortisol and, thus, did not need as much cortisol [7]. In summary, Yehuda’s PTSD patients were probably GH deficient 
and had an ACTH response similar to the GH deficient children.  

Overall, PTSD patients have a multi-step cascade: [1] sleep disorders, [2] inadequate hGH secretion, [3] low IGF levels, [4] inadequate 
17α-hydroxylase, [5] probably with elevated corticosterone levels, [6] hypokalemia, [7] synthesis of potassium sparing, spiral steroids 
and [8] hypertension. As long as the cascade remains intact, PTSD patients will probably continue to have symptoms. 

Patients with essential hypertension [9]

The endocrine cascade in patients with essential hypertension is similar to that of PTSD patients but has a different initiation point. 
In PTSD, GH deficiency occurs because of disordered REM sleep. In patients with essential hypertension, it occurs because of the normal, 
age-dependent decrease, in GH secretory episodes during REM sleep. The known age-dependent decrease in DHEA-sulfate confirms the 
decreased activity of the 17α-hydroxylase-17,20-lyase enzyme. In summary, PTSD and normal aging share a common endocrine cascade: 
low IGF levels, inadequate 17α-hydroxylase activity, corticosterone elevation, hypokalemia, hyperprolinemia and hypertension. They dif-
fer by a different initiating site. 
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Conclusion

With the discovery of spiral steroids and of their function as potassium recovery hormones, we have a new view of essential hyperten-
sion [13]. Few physicians have considered GH deficiency as a concern in older patients. After all, growth is complete. Why do we need it? 
The ACTH tests described here in Figure 2 and 3, show the role of 17α-hydroxylase. We need it to make cortisol, not corticosterone. 
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