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A Comparison of Lower Doses of Porcine Sequence
Corticotropin with Standard Dose in Testing the Hypothalamic
Pituitary Adrenal Axis in Healthy Individuals

Sonali Appaiah, Vishwanath Shivanappanavar, Belinda George, Ganapathi Bantwal, Vageesh Ayyar
Department of Endocrinology, St John’s National Academy of Health Sciences, Bengaluru, Karnataka, India

Context: Porcine sequence corticotropin (PSC) stimulation test (PSCST) is a reliable, cost-effective alternative to the short Synacthen test.
Long-acting PSC is widely available as a 300 [U multidose vial (60 IU per 1 ml). Aims: To compare the efficacy of lower doses of PSC that
can be given directly from the multidose vial without reconstitution, with standard dose in assessing the hypothalamic pituitary adrenal (HPA)
axis in healthy individuals. Settings and Design: Prospective study comparing different doses of PSC. Methods and Material: In 13 healthy
volunteers, serum Cortisol was estimated at 30 and 60 minutes after intramuscular administration of 241U/250 ug standard dose (0.4 ml) and lower
doses of PSC (18 1U/0.3 ml/;12 1U/0.2 ml; and 6 1U/0.1 ml), with a gap of 4 weeks between each dose. Statistical Analysis Used: Mean + SD
was used to express quantitative variables. ANOVA and paired T-test were used for statistical analysis. Results: The mean + SD of peak
Cortisol levels after PSCST with all doses of PSC were >18 ug/dl. The means of peak Cortisol responses to different doses of PSC among
subjects were comparable. In a subject, there was no significant dose effect and interaction (dose x time) effect indicating that the different
doses were comparable (both at 30 and 60 minutes) (p = 0.735). Conclusions: All tested lower doses of PSC obtained from the multidose
vial without reconstitution, including the lowest dose (6 1U/62.5 ug) tested, were comparable in efficacy to the standard dose (241U/250 pg)
in assessing the adequacy of HPA axis in healthy individuals.
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which can overstimulate adrenal gland and under diagnose
mild cases of secondary CI. These cases can be picked up
with the 1 pg low-dose Synacthen test (LDST),!"? which has
diagnostic accuracy to comparable to ITT and HDST.I'13-18
However, the 1 ug LDST requires the dilution of 250 pg
ampule of Synacthen which is cumbersome and could result

INTRODUCTION

Cortisol insufficiency (CI) is a common, life-threatening
endocrine illness.!'?! Insulin tolerance test (ITT) and short
Synacthen test or high-dose Synacthen test (HDST) using
250 ug Cosyntropin, a synthetic ACTH (1-24) are the
standard tests for hypothalamic pituitary adrenal (HPA)
axis evaluation.!'! However, risk of dreaded complications

due to hypoglycemia with ITT,>! and the high cost and
non-availability of Synacthen in many countries, has restricted
their use. Porcine sequence corticotropin (PSC) stimulation
test (PSCST) utilizes PSC, which is readily available in India
as a 300 IU multidose vial (60 IU/1 ml). At a standard dose of
241U/ 250 pg (0.4ml), PSCST has shown efficacy comparable
to 250 ug HDST and ITT in the evaluation of HPA axis in
healthy individualst” and in patients with CL.®'"1 Both HDST
and PSCST use supraphysiological dose of corticotropin,
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in low reproducibility due to dosing errors. There are no
studies on efficacy of lower doses of PSC for the evaluation
of HPA axis. In this study, we intend to assess the efficacy of
the lowest possible doses of PSC that can be utilized without
reconstitution of the commercially available preparation in
healthy individuals.

SusJects AND METHODS

The study was conducted at a tertiary care centre in India.
Ethical clearance was obtained from the internal Ethics
Committee at our institute. The participants were thirteen
healthy volunteers (doctors and nurses) recruited from our
hospital between the age group of 18-59 years. Those with
pregnancy were excluded.

Porcine sequence corticotropin stimulation test

The long-acting PSC is available as a 5 ml multidose
vial (60 IU/1 ml) marketed as Acton Prolongatum by Ferring
pharmaceuticals. The synthetic PSC in Acton Prolongatum is
reversibly bound to carboxymethyl cellulose which protects
against enzymatic breakdown of PSC and prolongs its action
for 15 hours.!"”) It has been shown that the stimulatory action
of 25 TU/250 ug of PSC is equivalent to 250 ug (251U) of
Synacthen.?”? However, on calculating accurately, 250 ug of
PSC corresponds to 24 TU.""I We chose to compare standard
dose of PSU, i.e., 24 1U/250 ug (0.4 ml) with 3 other
lower doses including, 18 TU/187.5 pg (0.3 ml), 12 TU/125
ug (0.2 ml) and 6 1U/62.5 ng (0.1 ml), which could be drawn
directly from the vial without reconstitution. We chose to test
the above lower doses based on the ease of administration.
Dose lower than 6 IU (0.1 ml) would require dilution of
available vial, which would be cumbersome and could lead
to dosing errors.

After an informed consent, baseline morning (8:00-9:00 AM)
serum Cortisol sample was drawn in all participants [Figure 1].
Following this, PSCST was done with 24 1U/250 ug (0.4 ml)
of PSC. The required dose of PSC was drawn in a 2 ml syringe
and was administered intramuscularly at the deltoid site.
Subsequently, the test was repeated with lower dose of PSC
including 18 TU/187.5 pg (0.3 ml), 12 TU/125 pg (0.2 ml)
and 6 1U/62.5 ug (0.1 ml), with a washout period of at least
4 weeks between each injection. Venous blood samples were
collected at 30 minutes and 60 minutes after every injection
to assess serum Cortisol response. A serum Cortisol level at
30 or 60 minutes after PSCST of more than 18 pg/dl was
considered as an adequate response in the immunoassay used
for the study.

The PSCST was done on Outpatient Department (OPD)
basis. In all participants, we monitored vitals twice at 30 and
60 minutes after each injection. Before each subsequent PSCST
after 1 month and at follow-up after 1 year, we enquired for any
hypersensitivity reaction in the participants. Each multidose
PSC vial was refrigerated at 2- to 4-degree Celsius. Once
opened, the refrigerated PSC vial was used for a period of one
month, after which it was disposed.

| Baseline morning (8:00 — 9:00 AM) serum cortisol done |

l [ Normal AM Serum cortisol level ]

| PSCST done with 24 IU (0.4 ml) of PSC |

l 4 weeks later

| PSCST done with 18 IU (0.3 ml) of PSC |

l 4 weeks later L

| PSCST done with 12 IU (0.2 ml) of PSC |

l 4 weeks later

| PSCST done with 6 IU (0.1 ml) of PSC |

Venous blood samples
were collected at 30 and
60 minutes after each
PSC injection to assess
serum Cortisol level

Figure 1: Flowchart of methodology. PSCST—porcine sequence
corticotropin stimulation test. PSC—porcine sequence corticotropin

Laboratory methods

The blood sample was collected by venepuncture in a golden
yellow-capped SST (serum separator and clot activator) tube
and was allowed to clot completely at room temperature
for 15-30 minutes. It was then centrifuged at 3000 rpm for
10 minutes. 50 uL of serum was pipetted to the analyser.
Serum Cortisol was measured using chemiluminescent
microparticle immunoassay (CMIA) with Abbott Architect
instrument and Architect Cortisol assay. The lower limit of
detection of serum Cortisol was 0.8 ug/dl. The calibration
range for the assay was 0-59.8 ug/dl. The inter-assay
coefficient of variance (CV) was 1.8%, and the intra-assay CV
was—Level I -3.3%, Level I1 - 3.4%, Level III — 1.8%. Here,
the Levels I, II, III are quality control (QC) materials (with
varying concentration of analyte) used to monitor the precision
of immunoassay for the analyte.

Statistical methods and data analysis

The sample size was calculated to be 13 individuals,
considering a mean difference (in the Cortisol response
between groups tested with different doses of PSCST) of 4.3,
a standard deviation (in the Cortisol response between groups
tested with different doses of PSCST) of 2.7 (group 1) and
4.9 (group 2), and an equivalence margin of 5 units, with a
power of 80% and alpha error of 5%.12% Mean + SD was used
to express continuous variables. A paired T-test was used to
compare Cortisol response to different doses of PSC among
different subjects. The stimulated Cortisol values with different
doses of PSCST in a subject were compared with each other
using repeated measures of ANOVA. A P value less than 0.05
was considered significant. The Statistical Package for the
Social Sciences (SPSS) software version 24.0 was used for
data analysis.

Ethical Clearance Statement

The study was approved by Institutional Ethical Committee
(IEC), St John’s Medical College and Hospital, Bengaluru
vide IEC Study Reference number 85/2019 on 10™ June 2019.
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Written informed consent was obtained for participation in the
study and use of the patient data for research and educational
purposes.The procedures follows the guidelines laid down in
Declaration of Helsinki (2013).

ResuLts

Thirteen healthy participants were included in the study.
Among them, three were males and ten were females. The
mean age of the participants was 28.5 + 4.67 years. The mean
baseline morning serum Cortisol was 11.48 + 4.25 ug/dl.
All the participants attained a peak serum Cortisol value
of >18 ug/dl at either 30 or 60 minutes of administration of
different doses of PSC. The mean + SD of maximum stimulated
serum Cortisol levels after 24, 18, 12 and 6 IU of PSCST
were 23.9 £ 2.8, 23.7 £ 3.6, 23.3 £ 2.5, 24.1 £ 3.5 pg/dl,
respectively. [Table 1] [Figure 2]

The means of peak serum Cortisol responses to different
doses of PSC among participants were comparable ((24
Vs 18 IU, P =0.822; 24 Vs 12 1U, P = 0.455; 24 Vs 6 IU,
P=0.842;18 Vs 121U, P =0.652; 18 Vs 6 IU, P = 0.745;
12 Vs 6 IU, P = 0.292)) [Table 2]. Each participant’s
peak Cortisol responses to different doses and time in
PSCST was compared. There was no significant dose

Table 1: The mean+SD of baseline and peak serum
Cortisol levels with 24, 18, 12 and 6 1U of porcine
sequence corticotropin (PSC) administration. N- number
of participants

Peak serum Cortisol levels (ug /dl) with different doses of PSC

PSC Dose n  Minimum  Maximum Mean Standard
in units deviation
0 (baseline) 13 5.70 19.70 11.4846 425810
24 13 19.60 28.00 239154  2.84308
18 13 18.60 32.50 237538  3.66552
12 13 18.70 26.60 233077  2.52173
6 13 19.10 31.30 24.1077  3.52667
35
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effect and interaction (dose x time) effect indicating
that the different doses were comparable (both at 30 and
60 minutes). (p = 0.735). [Figure 3]

It was noted that the serum Cortisol response at 60 minutes
after PSCST was significantly higher than the response at
30 minutes with all the doses of PSC (p <0.01). However, the
dose did not have a significant effect on the time to maximal
response after PSCST (p=0.631). It was noted that the serum
Cortisol response at 60 minutes after PSCST was significantly
higher than the response at 30 minutes with all the doses of
PSC (p < 0.01) [Figure 3]. There were no reported adverse
reactions to PSC administration during the study.

Discussion

The short Synacthen test or HDST with 250 ug of corticotropin
is a standard test for the evaluation of HPA axis.["? The short
Synacthen test uses supraphysiological dose of corticotropin
which overstimulates the adrenal gland, resulting in
underdiagnosis of a mild form or recent onset secondary CI.
These cases of mild or recent onset secondary CI can be picked
up by the 1 ug LDST.I'>?!! Studies have shown that LDST has
comparable diagnostic accuracy to ITT and HDST or is even
more sensitive than that HDST.!:13-18]

After 250 ug of Synacthen, the concentration of corticotropin
in plasma exceeds 1,00,000 pg/ml. Whereas after 1 ug
Synacthen, the concentration of corticotropin in plasma
exceeds 1,000 pg/ml. A plasma corticotropin concentration
of >100 pg/ml induces maximum production of Cortisol by the
adrenals, after which the dose-response curve flattens out.?
Hence, dose as low as 1 ug Synacthen are more than sufficient
for dynamic test for evaluation of CI. However, the 1 ug LDST
requires the dilution of 250 ug ampule of Synacthen which is
cumbersome and could lead to dosing errors. Non-availability
and higher cost further restrict its use in many countries. The
PSCST using long-acting PSC has been shown to be a reliable,
cost-effective alternative to short Synacthen test and ITT in the

24
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20

Cortisol, pg/dl

30 minutes 60 minutes

—241U ——18IU 121U —61U

Figure 2: The comparison of baseline and peak Cortisol levels with
different doses (24, 18, 12 and 6 units/IU) of porcine sequence
corticotropin (PSC) among the 13 participants

Figure 3: Comparison of the serum Cortisol responses at 30 and
60 minutes with different doses of porcine sequence corticotropin among
all participants
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Table 2: Comparison of means of peak serum Cortisol with different doses of porcine sequence corticotropin (between
doses differences). Pair 1- 24 Vs 18 IU; pair 2- 24 Vs 12 1U; pair 3- 24 Vs 6 IU; pair 4- 18 Vs 12 IU; pair 5- 18 Vs

6 IU; pair 6- 12 Vs 6 IU. *P value from paired #-test

Comparison of means of peak Cortisol with different doses of porcine sequence corticotropin (between doses differences)

Pair Paired differences t df P value sig.

- i *
Mean Standard Standard 95% confidence interval of the difference (2-tailed)
deviation error mean Lower Upper

1 0.16154 2.52670 0.70078 -1.36533 1.68841 0.231 12 0.822

2 0.60769 2.83739 0.78695 -1.10692 2.32231 0.772 12 0.455

3 -0.19231 3.40599 0.94465 -2.25053 1.86591 -0.204 12 0.842

4 0.44615 3.47410 0.96354 -1.65322 2.54553 0.463 12 0.652

5 —0.35385 3.83463 1.06353 -2.67109 1.96340 -0.333 12 0.745

6 -0.80000 2.61566 0.72545 -2.38063 0.78063 -1.103 12 0.292

evaluation of HPA axis in several studies done across various
centres.” 1

However, to the best of our knowledge, efficacy of lower doses
of PSC in the evaluation of HPA axis has not been assessed.
Long-acting PSC is available as a 5 ml multidose vial (60 TU
in 1 ml) and hence dose as low as 0.1 ml (6 [U/62.5 pg) can be
administered without further dilution. In this study, we assessed
the efficacy of lower doses of long-acting PSC that can be given
directly from the multidose vial without reconstitution. We
compared the stimulatory action of 18 1U/187.5 ug (0.3 ml),
12 TU/125 pg (0.2 ml), and 6 1U/62.5 ug (0.1 ml) PSC, with
standard the dose 24 TU/250 ug (0.4 ml) in testing HPA axis
in 13 healthy volunteers.

All participants had serum Cortisol values >18 pg/dl at either
30 or 60 minutes after different doses of PSC. The Cortisol
response at 60 minutes after PSCST was significantly higher
than that at 30 minutes with all the doses of PSC (p =< 0.01).
The dose used in PSCST did not have a significant effect on
the time to maximal response (p = 0.631). It can therefore
be concluded that PSCST at 60 minutes can adequately test
HPA axis in healthy individuals at all tested lower dose of
PSC. The means of peak Cortisol responses to different
doses of PSC among participants were comparable. There
was no significant dose effect and interaction (dose x time)
effect indicating that the different doses were comparable
(both in 30 and 60 minutes). (p =0.735). Thus, all lower doses
tested (6,8,12 IU) in PSCST were able to adequately stimulate
the HPA axis in healthy individuals comparable to the standard
dose (24 TU).

Use of the lowest tested dose of PSC of 6 IU/62.5 ug (0.1 ml)
instead of the standard 24 TU/250 ug (0.4 ml) would decrease
the cost of investigation in each subject to one-fourth. This
would be economically beneficial to the patients. A single
multidose vial containing 300 IU/5 ml was previously
being used for testing 12 patients with a standard dose
of 24 TU/250 pg (0.4 ml). With the lowest tested dose
of 6 1U/62.5 ug (0.1 ml), single vial can now be used in
50 patients. This would be of benefit in a high-volume centre.

Previous studies using PSC have looked for adverse events only
in the immediate period after its administration.”-"1 No adverse
reactions like anaphylaxis or delayed hypersensitivity reaction
were seen among any of our participants following the four
different doses of PSCST, immediately after injection or on
follow-up at 1 year. In previous studies, when Synacthen was
reconstituted with saline as 1 pug corticotropin and refrigerated
at four degrees Celsius in plastic tubes, it was stable for four
months.l" There is spare data of the efficacy of multidose
vial PSC with storage and reuse.'” In our study, the PSC used
from the stored multidose vial produced an adequate Cortisol
response at all doses in all our study participants, indicating
stability for the storage period of one month.

In this study, we have shown that the lowest tested doses of
PSC (6 1U) obtained from multidose vial without dilution
were able to adequately stimulate the HPA axis in healthy
individuals comparable to the standard dose (24 1U). Further
studies are required to validate and determine the diagnostic
accuracy of low-dose PSCST in individuals with CI. Due to
ease in administration, the lowest dose of PSC used in our
study was 6 1U/62.5 pg (0.1 ml). The lowest effective dose
of PSC formulated by reconstitution is yet to be ascertained.

ConcLusioN

All tested lower doses of PSC obtained from the multidose vial
without reconstitution, including the lowest dose (6 [U/62.5 ug)
tested, were comparable in safety and efficacy to the standard
dose (24 1U/250 ng) PSCST in assessing the adequacy of HPA
axis response in healthy individuals.
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