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OT and HP Dysfunction — The
Historical Perspective

In Xanadu did Kubla Khan

A stately pleasure-dome decree:
Where Alph, the sacred river, ran
Through Caverns measureless to man

Down to a sunless sea

S. T. Coleridge (1772-1834)




Objectives

Pathophysiological basis for the effect of
opioid therapy (OT) on hypothalamic
pituitary (HP) function

Clinical manifestations of HP dysfunction
Review of the current literature
Unanswered questions

—uture direction




Michelangelo’s Creation of Adam




Endogenous Opioid system and
pituitary function
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Endogenous Opioid system and
pituitary function




Opioid System in Hypothalamic
Pituitary Axis

Pro-opiomelanocortin \ Pro-dynorphin
Pro-enkephalin




Opioid System in Hypothalamic
Pituitary Axis

Pro-opiomelanocortin  Pro-enkephalin Pro-dynorphin

Precursor of Regulation of pituitary function and pituitary feedback
-ACTH
-MSH




Met-enkephalin suppresses LH
secretion

FSH Change from oosal ievel {u /L)

Tima (h)

Fig. 1. Changesin LH and FSH from basal levels in six menopausal women given either DAMME
250 pg or -9, saline. Each point represents the mean x | SEM. o—— DAMME:#— — —esaline.

Grossman A, Clin Endocrinol, 1981




Met-enkephalin suppresses LH
pulsatility

Opioid control of LH and FSH

. Normal pulsatile pattern

LH {usL)

L
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. Loss of pulsatility

Fig. 4. Fluctuations in LH in a normal male subject infused with (-9 saline for B h (a). On a
scparate occasion he was also infused with naloxone 4 mg'h for 4 h followed by 0-9% saline for 4 h
(b}, and with DAMME 230 pg/h for 8 h{c).

Grossman A, Clin Endocrinol, 1981




KiISS-1 i1s a modulator of LH
pulsatility

Kisspepeptin-GPR54 signaling in the neuroendocrine reproductive axis
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KiSS-1 mRNA in adipose tissue is regulated by
sex hormones and food intake
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Pituitary Hormones
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DIAGNOSIS OF SUBTLE PITUITARY
HORMONE DEFECTS GENERALLY

REQUIRES SPECIAL TESTS AS IT MAY
NOT BE CLINICALLY OBVIOUS!




Diagnosing hypocortisolism and
GHD

Normal Hypopituitary
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Conseqguences of pituitary
dysfunction

HYPOCORTISOLISM
- Hypotension
-Hypoglycemia
-Fatigue

-Gl Upset

-Shock

-Death




Conseqguences of pituitary
dysfunction

GROWTH HORMONE DEFICIENCY
- Poor quality of life

-Fatigue

-Poor exercise tolerance

-Obesiy

-Insulin resistance

-Poor cardiac function




Diagnosing Hypothyroidism

Positive and negative feedback loops acting
on the hypothalamic—pituitary-thyroid axis
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Conseqguences of pituitary
dysfunction

HYPOTHYROIDISM
- Weight gain

-Cold intolerance
-Fatigue
-Dyslipidemia
-Coma




Conseqguences of pituitary
dysfunction

HYPOGONADISM

- Loss of libido
-Infertility

-Irregular menstruation
-Impotence
-Osteoporosis
-Depression




Conseqguences of pituitary
dysfunction

HYPERPROLACTINEMIA
- Loss of libido

-Infertility

-Irregular menstruation
-Impotence

-Galactorrhea - -

-Gynecomastia | o '

-Osteoporosis [ i
il"'ln._ |




The Early Clinical Data on HPA
AXIS

Study Study Population | Agent QOutcome

Dackis et al, 1982 Drug Addicts Methadone Methadone induces
hypocortisolism

Facchinetti et al, 1985 Heroin Addicts Heroin Heroin induces
hypocortisolism

Willenbring ML et al, Drug Addicts Methadone Methadone induces
1989 hypogonadism

Banki CM et al, 1987 Schizophrenics & Drug Morphine Morphine induces
Addicts hypocortisolism




The Early Clinical Data on HPG
AVAES

Study Population QOutcome

Mendelson JH et al, Drug Addicts Heroin & Methadone Opioids induce
1975 hypogonadism

Rasheed A et al, 1995 Drug Addicts Methadone Methadone induces
hypogonadism and
hyperprolactinemia




Effect of opioids In chronic pain
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Endocrine Consequences of Long-Term Intrathecal
Administration of Opioids
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Effect of opioids In chronic pain

Retrospective data on 73 patients undergoing intrathecal
Opioid treatment for chronic pain.

TONY VAN HAVENBERGH, MIKE SMET, anp KRISTIEN VAN ACKER

Abs R et al, 2000




Opiolids induce hypogonadism

TABLE 2. Pituitaryv-gonadal axis in patients receiving opioids long term intrathecally

Normal Values Opioid group Control group

Malos

L |

R |

Testosterone (nmol/L)

9-26

6.9 + 5.2

154 = 4.4

Free androgen index

SHBG (nmol/L)

20-80

(1.4-25.0)
23.1 = 20.7
(5-108)
36.1 £ 20.9
(1285

(8.3-20.0)
53.3 £ 19.8
(19-83)
31286
(24,401

| Lu )

1.7 1.4

4.3 + 2.1

FsH (U/L)

Females

(0.1-7.2)
4.7+ 2.6
(0.3-10.6)

n=44

(1.3-7.0)
5744
(2.4-18.0)

n=9

Premenopausal females
LH (UML)

FSH (U/L)

n==21
27+ 26
(0.1-9.0)
6.4+ 5.6

e

n=23
12.4 + 14.2
(3.8-28.8)
9.4+ 92

At

Estradiol (pmol/L)

Progesterone (nmol/L)

110-800

3-60

127.0 £ 124.0
(18—437)
16 =26
(0.3-11.8)

383.3 £ 404.6
(84—844)
86 = 13.7
(0.3-24.4)

Postmenopausal females
LH (UML)

FSH (U/L)

n=18
3.3+ 3.3
(0.1-9.4)
146 = 17.6
(0.5-66.9)

n==6

.7 +£14.1
(13.5—46.2)
39.8 £ 22.7
(15.9-66.7)

Estradiol (pmol/L)

Progesterone (nmol/L)

<3

100.2 £ 1226
(18-125)
1.0+ 0.6
(0.3-1.2)

556.8 = 33.6
(29-113)
1.0+ 0.6
(03-1.9)

Values are the mean =+ sp; the range is in parentheses.

Abs R et al, 2000




Opioids induce hypocortisolism

TABLE 3. Pituitary-adrenal axis in patients receiving opioids long term intrathecally

Opicid group Control group

Normal values

Mean + 5D

Mean + sD

24-h urinary free cortisol (ug/day)

50.7T+ 184

Lgn‘n Dg'n‘

24-h urinary aldosterone (ug/day)
Basal ACTH (ng/L)

Pealk ACTH after ITT

ACTH AUC after ITT

Basal cortisol (ug/L)

201+ 1453
(4-83)
193.8 + 157.3
(18—854)
3659 = 3164

(61-2008.5)
135.3 + 53.8

L) L)E.Q i

7.3 53
(0.6-17.6)
16.9 £ 8.9
(4-37)
202.1 = 105.0
(15-401)
357.6 = 186.7
(54.5-738.5)
160.1 + 43.9

TR

Peak cortizol after ITT

2454 + 62.1

3008 736

Cortisol AUC after ITT
CBG (ug/L)

DHAS (ug/L)

PRA (ng/Lrs)

TIOZ=2T177
1146.8 + 323.3
(425.5—-2042.5)
45.2 = 14.0
(27-111)
764.2 + 615.1
(31-2980)
21238
(0.0-5.9)

TZUU— 2517
1357.4 = 309.9
(800-1953.5)
479+ 114
(28-76)
562.9 = 357.7
(103-1470)
1615
(0.3-5.8)

Abs R et al, 2000




Opioids induce GH deficiency

TABLE 4. GH-IGF-I axis in patients receiving opicids long term intrathecally

Opioid group Control group

Mean + sD (range) Mean + sD (range)

IGF-I (pg/L) 138.5 = 64.1 p 162.0 = 55.3
(33-321)
IGF-I sD score —0.53 + 1.45

e T inii bt
LT Lo R e L i \, [ N e L

GH peak (ug/L) after ITT 14.5 + 12.7
(0.1-58.3)
GH AUC (ug/L) after ITT 47.0 + 49.1
alﬁ‘!J 2.{;.@11‘&‘.
GH peak (pg/L) after arginine 6.4 £ 5.1
0.5-14.7)
GH AUC (ug/L) after arginine 16.9 £ 12.5
(1.4-39.9)
GH peak (ug/L) after clonidine 26 +3.1
10.1-13.7)
GH AUC (ug/L) after clonidine 7.7 £ 11.6
(0.8-59.4)

Abs R et al, 2000




Opioids induce hypothyroidism
and elevated prolactin

TABLE 5. Pituitary-thyroid axis, PRL, and selected biochemical measures in patients receiving opioids long term intraspinally

TSH (mU/L)
TSH peak after TREH (mU/L)

Abs R et al, 2000




Unanswered Questions

Do all patients on OT develop H

P

dysfunction or is It just a subset?
What is the time course of development of

HP dysfunction after starting O

threatening HP complications?

S it reversible after stopping OT?
s there a risk of developing life-

?




PITPAIN Study

e Multicentre

* Prospective

e Cohort design
e CNCP patients




PITPAIN Study Investigators

e Halifax, NS: SA Imran and M Lynch
e London, ON: S van Uum, P Morley-Foster
e Calgary, AB: AJ Clark, B Corenblum




PITPAIN Study

« PRIMARY OBJECTIVE « SECONDARY OBJECTIVES

- To determine the effect of -To identify baseline prevalence
OT on the incidence and of HP abnormalities in CNCP

severity of HP To assess the time course of
dysfunction HP abnormalities

To identify the reversibility of
HP abnormalities aqgfter
stopping OT
Dose-abnormalities
relationship




PITPAIN patient selection

330 patients between 19 and 65 yr
CNCP > 3 months
Moderate to severe pain (>4 on NRS-PI)

Either not on OT or < 60 mg/24 h of
Morphine equivalent

Recruitment over 2 yrs




PITPAIN study timeline

Assess HP function

3 [ [ Assess HP function

= Assess HP function OT will be discontinued in uncontrolled pts.

— ASSGSS HP funCtion ]




Objectives

Pathophysiological basis for the effect of
opioid therapy (OT) on hypothalamic
pituitary (HP) function

Clinical manifestations of HP dysfunction
Review of the current literature
Unanswered questions

—uture direction
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Hypothesis

 Kiss -1is the link between puberty and adipose
tissue regulation

« Hypothalamic and adipose Kiss-1 is modulated
through metabolic and reproductive hormone

signals




Experiment 1: Effect of sex hormones

43, 42

Castratlom/ \ Sham surgery /

/\

Testosterone Estrogen

Brown RE, Imran SA, Ur E et al, 2007




Experiment 2: Effect of nutrition status

Both wild type and Zucker fatty rats

“R
/N
e

e

Chow fed High fat diet

Fed Fast 24 h Fast 18h refed

Brown RE, Imran SA, Ur E et al, 2007




Effect of sex steroids

GDX + TP GDX +TP GDX +TP

*

GDX GDX+ OB GDX + OB GDX GDX+OB

Brown RE, Imran SA, Ur E et al, 2007




Effect of fasting and refeeding

*
o
[

FAST REFEED FAST REFEED FAST REFEED

FAT: 9 . HYP: 9 . PIT:

FAST REFEED FAST REFEED FAST REFEED

Brown RE, Imran SA, Ur E et al, 2007




Effect of high fat diet in lean and fatty Zucker
rats

SUB FAT . VIS FAT

Brown RE, Imran SA, Ur E et al, 2007




Summary of Results

Kiss-1 mRNA is expressed in both rat pituitary and
adipose tissue

Kiss-1 gene expression is sensitive to sex steroids,
nutrition status, and HF diet

These changes are tissue specific

The disparity in adipose tissue responses in lean
and fatty Zucker rats indicates that leptin signaling
may have a role to play




Summary of Results

 Kiss-1 may be the responsible for metabolic induced
sexual maturation problems such as anorexia,
depression, obesity etc.

« WE ARE CURRENTLY PLANNING EXPERIMENTS ON
LEAN AND OBESE FEMALES AND THOSE WITH
PCOS.




