Classification Status of Peptide-based Performance and Image Enhancing Drugs
REASON FOR SUBMISSION
Sports New Zealand has contacted the Ministry of Health to bring attention to their concerns over the risks posed to individuals consuming a range of “performance and image enhancing drugs” (PIEDS) that are based on peptides and hormones.

The substances have limited safety information and/or are prohibited by the World Anti-Doping Agency (WADA) for use by people participating in professional sport. 

Although some of the substances are already classified as prescription medicines in Schedule I of the Medicines Regulations 1984, there remain a number that are not. 

Depending on the apparent modes of action of some of the substances, and their similarity to well-recognised medicines, it may be appropriate to consider scheduling those not currently listed in the Medicines Regulations. Such classification would mean access to the substances could be controlled and would allow appropriate regulatory action to be taken against the manufacturers and/or suppliers of such products under the Medicines Act 1981, where necessary. 

BACKGROUND 

The Australian Crime Commission (ACC) recently released a report on a new generation of PIEDS in the Australian market (Appendix III). These PIEDS are predominantly peptides and hormones. The ACC report lists PIEDS that are known to be used in Australia and are, therefore, also likely to be available in New Zealand. 

The substances described in the ACC report fall under the following general categories:

1. Growth hormone releasing peptides (GHRPs)
2. Growth hormone variants

3. Selective androgen receptor modulators (SARMs),
4. Insulin-like growth factors (IGFs) and mechano growth factors (MGFs)
5. Melanocyte stimulating peptides/hormones/substances
Other substances were also noted in the ACC report, however, little clinical information and no specific categorisation for these substances could be found. These substances are included in appendix I at the end of this report.
A table summarising the information noted in this report is included in appendix II at the end of this report
A brief description of the structure, proposed mechanism of action and likely clinical significance of each of the substances is provided in sections 3-7 below. Where relevant, the current regulatory status of the substances is also summarised with regards to the Medicines Regulations 1984 and the Australian Standard for the Uniform Scheduling of Medicines and Poisons (SUSMP).
This document concludes with some recommendations regarding the potential for classifying each of the substances, either individually or as a class entry (e.g. SARMs).
1. GROWTH HORMONE RELEASING PEPTIDES

The new generation of PIEDs that fall under this category can be divided into two broad groups of either those that mimic: 

· Growth hormone releasing hormone, (GHRH) (also referenced as somatocrinin or hGRF); or  

· Ghrelin, the mediator of growth hormone release.
1.1.  Tesamorelin
Tesamorelin is an analogue of GHRH and, therefore, is categorised as a GHRH mimicking substance. It consists of the entire GHRH 44 amino acid structure, plus a 3-hexanoic acid terminal moiety. 

Clinical studies by Grunfield et al. (2011) show tesamorelin has a similar mode of action to that of endogenous GHRH, but with slower plasma clearance (T½ of 36 minutes), and thus enhanced human growth hormone (hGH) secretion. In comparison, a T½ of 6.8 minutes has been reported for unmodified GHRH (Frohman, 1986). The slower plasma clearance of tesamorelin is likely associated with the fact that the modified structure has been shown to inhibit enzymatic inactivation in vivo (Ferdinandi et al, 2007).
Tesamorelin was approved by the FDA on November 2011 in a product marketed as Egrifta. Full pharmacokinetic data on Egrifta is available on the FDA website as NDA 22-505. (Theratechnologies Inc. 2010).
Clinical comment

Egrifta (tesamorelin) is approved by the Food and Drug Administration (FDA) for the reduction of excess abdominal fat in HIV-infected patients with lipodystrophy (Drugs.com, 2013). The application for marketing authorisation was withdrawn in the European Medicines Agency (EMA) in 2012 (EMA website, 2013). 
Tesamorelin is expected to act in a similar way to GHRH, causing the release of growth hormone, which is then expected to increase the breakdown of fat in HIV patients with lipodystrophy, thereby reducing excess fat in the abdomen.

Most of the clinical research has focused on the indication for the reduction of excess abdominal fat in HIV-infected patients with lipodystrophy (Spooner 2012; Dhillon, 2011).

Although the main studies have displayed a reduction in abdominal fat with tesamorelin, the reduction has equivocal clinical meaningfulness in terms of actual health benefits to patients.
In terms of safety, the Committee for Medicinal Products for Human Use (CHMP) noted that there was an increase in the level of a protein called insulin-like growth factor 1 (IGF-1) in a considerable number of patients treated with tesamorelin (EMA website, 2013). High levels of IGF-1 may be associated with an increased risk of cancer and a potential worsening of diabetic eye disease. There is limited long-term safety data on tesamorelin.

Tesamorelin has also been assessed for muscle wasting such as that associated with chronic obstructive pulmonary disease (COPD) and hip fracture, as well as for sleep disorder, immune system dysfunction and mild cognitive impairment (Wang 2009). Clinical studies in these areas have not been promising.
1.2. Sermorelin


(Structure: ChemBlink; CAS #86168-78-7)
Sermorelin, also known as GRF (1-29), is a peptide comprising the 29 bioactive amino acids (position 1-29) of endogenous GHRH. Its efficacy as a drug to induce hGH release is limited by this peptide’s short plasma T1/2 (<20 minutes).

Sermorelin is scheduled in both Australia and New Zealand as a prescription medicine.
Clinical comment

Geref (sermorelin) has been used for diagnosing and treating growth hormone deficiency in children (Drugs.com, 2013). Clinical information on sermorelin is very limited. A clinical study in growth-hormone deficient children (n=86) found that GHRH-(1-29) increased mean height velocity and that it was well tolerated (Rochiccioli et al, 1996).
Sermorelin had been marketed by EMD Serono in the USA in the form of an injectable solution of the acetate salt. The FDA approved it under the brand name of GEREF (in September 1997) for the treatment of ideopathic growth hormone deficiency (GHD) in children, but it was withdrawn in 2008 by the sponsor. (Federal Register, 2013).
Potential side effects include: 

More common: Facial flushing, headache, nausea, pain, redness, swelling at the place of injection, paleness, strange taste in mouth, or vomiting.

Rare: Itching, trouble in swallowing, dizziness, flushing, headache, sleepiness, and trouble sitting still.
1.3. CJC-1295
[image: image2.emf]
CJC-1295 is a synthetically modified form of GHRH developed by ConjuChem in Canada. It comprises the 29 bioactive amino acids of endogenous GHRH, but with four amino acid substitutions (identified by italics in the above structure). These substitutions are intended to render the compound more resistant to proteolytic cleavage (Teichman et al., 2006). 

The 29 amino acids are linked to another amino acid, lysine, which itself links to a reactive chemical (maleimodopropionic acid) that binds to unpaired thiol groups such as those found in serum albumin. This binding is said to extend the half-life of the active amino acid domain in animals and humans, thereby enhancing efficacy in release of hGH compared with endogenous GHRH (Teichman et. al.  2006). 

Teichman et al. (2006) studied the pharmacokinetic profile and pharmacodynamics effects of CJC-1295, and suggested that it could be an appropriate alternate to the use of endogenous hGH or GHRH in patients with intact pituitary response. 
No medicine incorporating this substance for such use could be located.
Clinical comment

The PK/PD study mentioned above (Teichman et al, 2006) demonstrated that administering CJC-1295 leads to dose-dependent increases in plasma GH and plasma IGF-1 concentrations. Other than this, there is no identified available clinical information.

1.4. GHRP-2, GHP-6 and Hexarelin

These compounds are analogues of ghrelin (shown below), a multifunctional 28-amino peptide, secreted in the stomach. 
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Structure from Grobauer (Grobauer 2010)
The minimum structural core of ghrelin for biological activity has been identified as an N-terminal tetrapeptide (Maletinska 2012,). Hence a number of peptides, including the three below, have been designed to incorporate structural elements similar to ghrelin’s N-terminal tetrapetide.
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GHRP-2
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GHRP-6
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Hexarelin

(Structure: Sigma-Aldrich on-line catalogue)

GHRP-2 and GHRP-6 were initially isolated as endogenous peptides but, like hexarelin, are currently marketed as synthetic analogues. 

In the context of PIEDS, the relevant functions of ghrelin include (Sato 2012):
· indirect promotion of hGH secretion by release of GHRH from the hypothalamus

· direct initiation of hGH secretion through pituitary G-protein coupled receptor (GPCR)

· hypothalamic promotion of hunger symptoms (probably via vagal nerve stimulus) and consequential weight gain.

The relative potency of the synthetic analogues, based on efficacy in hGH release, is Hexarelin < GHRP-6 < GHRP-2 (Massoud 1996).
These analogues are also reported to promote (to a greater or lesser extent) glucocorticold release, increased gastric motility, and hypothalamic-related hunger symptoms and consequent weight gain. An overview of the mode of action was published by LaFerrere et. al.(2005). 

La Ferrere et al. (2005) further suggests ghrelin analogues may have therapeutic value in eating disorders, but no medicines incorporating any of these peptides for such purpose could be located.
All are cited on PIED websites (for example, www.peptidelabs.com) for stimulation of hGH secretion, typically in combination with a GHRH analogue, the combination being stated to potentiate hGH release. However, this potentiation is not supported in more formal references, such as Bowers (1993), who notes maximal hGH release from use of GHRP-2 alone.
Clinical comment

Growth hormone secretagogues (GHSs), such as hexarelin, can have several effects on biologic activities and can influence sleep pattern, stimulate food intake, and have cardiovascular activities (Ghiro et al, 2001). Hexarelin has been demonstrated to increase left ventricular ejection fraction in healthy volunteers, but not in patients with dilatative cardiomyopathy (which was considered a potential clinical use for hexarelin).

1.5. Ipamorelin


In spite of the structural similarity to other ghrelin analogues, ipamorelin is described by Venkova et. al. (2009) as a selective hGH secretagogue, and an agonist of other ghrelin receptors. They note similar hGH secretion to GHRP-6, but claim an absence of other effects including hypothalamic –induced weight gain in rodents.  

Reduced secretion of prolactin and aldosterone compared with other ghrelin analogues is supported by other publications (Raun et. al., 1998). However, weight gain has been observed by other researchers.

Clinical comment

No significant clinical information has been identified.
1.6. Conclusion

GHRH and Ghrelin mimicking substances appear to act on the pituitary gland mediating growth hormone. As these substances cause GH release from the pituitary, they are captured under the hypothalamic releasing factors regulatory entry (in Schedule I of the Medicines Regulations).
2. GROWTH HORMONE VARIANTS

2.1. AOD9604 (anti-obesity drug number 9604)
AOD9604 (also known as anti-obesity drug number 9604) is a 16 amino acid peptide that consists of residues 177-191of hGH and an additional tyrosine residue. One paper describes the tyrosine as being located at the C-terminus (Heffernan et al, 2001a) while another describes the location as the N-terminus (Heffernan et al, 2001b).

When given to obese mice for 14 days AOD9604 has been observed to reduce body weight gain, with an associated increase in fat oxidation and plasma glycerol levels (which serves as an indicator of lipolysis). Similar results were seen for hGH (Heffernan et al, 2001a). Unlike hGH, however, AOD9604 was not observed to induce hyperglycaemia or reduce insulin secretion in mice. 

In another study (Heffernan et al, 2001b), the reduction in body fat and body weight in obese mice was correlated with an increase in the level of expression of RNA for the β3-adrenergic receptor (β3-AR, which codes for the major lipolytic receptor in fat cells). However, any lipolytic actions of AOD9064 do not appear to be mediated directly through the β3-AR pathway because β3-AR knock-out mice given AOD9064 continued to show an increase in levels of energy expenditure and fat oxidation compared to knock-out mice given saline.

In vitro studies indicate that AOD9064’s mode of action is also not via the hGH receptor as competitive inhibition was not observed. Unlike hGH, it was also unable to induce cell proliferation. 

Therefore, the mode of action of AOD9064 remains unclear.

With regards to clinical significance, the ACC report describes athletes using AOD9604 to increase their power to weight ratios by better utilisation of fat stores. However, an April 2013 news release from Calzada Limited (the parent company with the rights to AOD9604) acknowledges that, while AOD9604 has been studied in six human clinical studies involving 925 patients, the trials did not show a clinically meaningful weight loss outcome across the total trial population. As a result, the obesity programme was terminated in February 2007 (Calzada, 2013). The news release further states that AOD9604 is now being studied for its potential to treat cartilage, muscle and joint disorders such as osteoarthritis.

Clinical comment

Other than the above comment on clinical significance, there is limited clinical data on AOD9604. The Australian Crime Commission report that Phase III clinical trials are about to begin for AOD9604. (Australian Crime Commission, accessed May 2013) It is unclear what indication(s) this is for.
2.2. hGH Frag 176-191
As the name implies, hGH Frag 176-191 includes the terminal residues in hGH. It is unclear whether this is another name for AOD9604 (discussed in section 2.1 above) or whether it is an analogue of AOD9604 (i.e. contains only the terminal residues of hGH with no addition of a tyrosine residue).
2.3. Conclusion

Growth hormone variants have an unknown mode of action and do not appear to be able to be classified under any of the existing regulatory entries. At present there appears to be a lack of information available to enable classification of these substances.
3. SELECTIVE ANDROGEN RECEPTOR MODULATORS (SARMs)

Non-steroidal selective androgen receptor modulators (SARMs), such as ostarine, are a group of substances that bind to androgen receptors with high affinity (Bhasin et. Al., 2009). They can be divided by structure into at least four classes (see below for structures (Kuuranne et. al., 2008)): 
1. aryl-propionamides (includes ostarine)

2. bicyclic hydantion
3. quinoline

4. tetrahydroquinoline analogues. 

The most widely described SARMs are the aryl-propionamide analogues, which may contain substitutions at the X, Y, Z and R positions (as seen in the image below). The ether linkage between units and substitution at the para position (R of below image) of the ring appear to be of importance for receptor binding (Yin et. al., 2003). It is also hypothesized that the ether linkage and substitution at the para position allows the structure to adapt to a more compact conformation, resulting in a reduction in steric conflict with the androgen receptors and potentially explaining the agonist activity (Bhasin et. al., 2009, Yin et. al., 2003).
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General structure of SARMs

The exact molecular mechanism of the anabolic effect is unknown. However, rat studies have shown that these substances can be rapidly absorbed and metabolised at low oral doses with significant effects. In castrated male rats, these substances demonstrate tissue selectivity and have been shown to prevent castration-induced atrophy, act as a weak antagonist in the prostate, and restore muscle mass, skeletal muscle strength, bone mineral density, bone strength, and lean body mass while suppressing luteinizing hormone (LH) and follicle stimulating hormone (FSH) (Gao et. al., 2005).

In Australia, a new entry class of “selective androgen receptor modulators” is to be created in S4 (prescription medicine) of the Australian SUSMP. Ostarine is also to be specifically scheduled in S4 under the name of enobosarm. The agenda for the next MCC meeting (on 17 June 2013) includes a discussion on harmonising with these two scheduling decisions.
Clinical Comment:
Many of these substances are currently undergoing clinical trials and further research by companies such as GTX, Inc./Merck & Co., Inc. (ostarine), GlaxoSmithKline, (aniline, diaryl aniline, and bezoxazepinones derivatives), and Johnson and Johnson (benizimidazole, imidazolopyrazole, indole, pyrazoline derivatives).
For instance, clinical trials have studied the effectiveness of ostarine as a muscle increasing agent to counteract cancer cachexia (U.S National Institutes of Health 08-05-2013). Positive results were recorded among both males and female subjects in published phase 1 clinical trials (Narayanan et. al., 2008). A news release by GTx Inc stated that the drug had also been shown to consistently increase muscle mass and strength, with effects being noted as early as 4 weeks into the study and persisting through to the end of a study (Drugs.com, 08-05-2013).

3.1. Conclusion
SARMs interact with androgen receptors causing anabolic effects such as muscle growth. The substances are not naturally occurring androgens themselves and thus cannot be strictly regulated under the entry “androgens” Australia has created a new class under S4 of the SUSMP for selective androgen receptor modulators and the New Zealand MCC will be discussing harmonizing with this scheduling on 17 June 2013. If the MCC agrees to harmonise with the Australian scheduling, SARMs can be regulated under this entry.
4. INSULIN LIKE GROWTH FACTORS (IGFs) & MECHANO GROWTH FACTOR (MGFs)

Insulin Like Growth Factors (IGFs) are a complex of small peptide structures that have high sequence similarity to insulin.

Based on the ACC report, the IGFs that are commonly marketed for performance and image enhancing purposes are: 
· IGF-1, composed of 70 amino acids

· IGF-DES (1-3) is composed of 67 amino acids
· IGF1-LR3, composed of 70 amino acids, otherwise known as long R3 IGF-1.

IGF-1 is a naturally occurring growth-regulating hormone released by the liver, but the other two are synthetic analogues. 
IGFs have had further interest due to splice variants of the gene that result in three different mRNAs and three resulting IGF-E peptides (Tahimic et al, 2013): 
· IGF-1 Ea, found in both humans and rodents

· IGF-1 Eb, found in rodents only 
· IGF-1 Ec, found in humans only (and also known as MGF). 
4.1. IGF-1 (mecasermin)

IGF-1 is a complex of seven units, with each unit containing 10 amino acids. The amino acid sequence of each unit is shown below.

Unit 1: Gly-Pro-Glu-Thr-Leu-Cys*-Gly-Ala-Glu-Leu.

* indicates the location of the disulphide bond that links this unit to unit 5

Unit 2: Val-Asp-Ala-Leu-Gln-Phe-Val-Cys**-Gly-Asp

** indicates the location of the disulphide bond that this unit to unit 7

Unit 3: Arg-Gly-Phe-Tyr-Phe-Asn-Lys-Pro-Thr-Gly.

No disulphide linkages are located in this unit.

Unit 4: Tyr-Gly-Ser-Ser-Ser-Arg-Arg-Ala-Pro-Gln

No disulphide linkages are located in this unit.

Unit 5: Tyr-Gly-Ile-Val-Asp-Glu-Cys***-Cys*-Phe-Arg


* indicates the location of the disulphide bond that links this unit to unit 1

*** indicates the location of the disulphide bond that links this unit to unit 6

Unit 6: Ser-Cys***-Asp-Leu-Arg-Arg-Leu-Glu-Met-Tyr

*** indicates the location of the disulphide bond that links this unit to unit 5

Unit 7: Cys**Ala-Pro-Leu-Lys-Pro-Ala-Lys-Ser-Ala


** indicates the location of the disulphide bond that links this unit to unit 2

In general terms, the model of IGF’s effect is one where growth hormone (GH) stimulates the liver to produce IGF-1. The IGF-1 then circulates (potentially via larger binding proteins) to target organs, bones, or cartilage where it binds to its specific receptor (IGF-1 receptor) (Tahimic 2013). It is through this binding that naturally occurring IGFs, like IGF-1, are known to exert anabolic actions on many types of cells including skeletal muscle cells. This can result in stimulation of amino acid uptake and incorporation into proteins, uridine and thymidine incorporation into nucleic acids, glucose uptake, cell proliferation and differentiation, and suppression of protein degradation (Florini et. al., 1991).
No prescription medicines containing this substance are approved in New Zealand. An application for a new medicine was withdrawn in December 1995. A range of deer antler products marketed as dietary supplements reportedly claim IGF-I in their products at an unknown quantity.  
IGF-1 is also known by the International Nonproprietary Name (INN) of mecasermin. It is scheduled as a prescription medicine in New Zealand under this INN name, and is scheduled in Australia as S4 under the entry of insulin-like growth factor 1.

Clinical comment

Mecasermin had the proposed indication for the long-term treatment of growth failure in children and adolescents with severe primary insulin-like growth factor-1 deficiency (Primary IGFD).
As part of the application for marketing authorisation in Europe, five studies were conducted to evaluate the long-term efficacy and safety of mecasermin in children with severe primary IGFD. These were small studies (ranging from n=6 to n=76), and all but one were open label (EMA website, 2013).

The results of the main pivotal studies were in favour of the efficacy of the drug in the claimed indication, primary IGFD. The incidence and rate of inhibitor formation and its clinical significance, or more precisely, its impact on the efficacy of the product during long term IGF-1 treatment has not been clarified yet.
The most common adverse events (AEs) included hypoglycaemia, lipohypertrophy at injection sites, tonsillar hypertrophy, headache and transient intracranial hypertension. This AE profile is similar to that seen in several other rhIGF-1 treated severe Primary IGFD cohorts.
4.2. IGF-1 LR3 (IGF-1, Long R3)

IGF-1 LR3, otherwise known as long R3 IGF-1, is a synthetic analogue of IGF with the glutamine amino acid at the 3 position substituted for an arginine (the substitution is bolded in the below amino acid structure). All other units and all disulphide bond locations remain the same as IGF-1 above.

The first unit structure is as follows:

Unit 1: Gly-Pro-Arg-Thr-Leu-Cys*-Gly-Ala-Glu-Leu.

* indicates the location of the disulphide bond that links this unit to unit 5

IGF-1 LR3 has a decreased affinity for the IGF binding proteins. This leads to an increased concentration of free IGF-1 LR3 in plasma, which has been reported to result in increased insulin like effects due to the interactions with IGF type 1 receptors in comparison to that of endogenous IGF-1 (Hammon et. al., 1998). IGF-1 LR3 is marketed on the web on the basis of it exhibiting a similar mode of action to IGF-1 but with claims of greatly increased potency.
IGF-1 LR3 appears to be scheduled in Australia as S4 under the general entry of “insulin-like growth factors”. New Zealand does not currently have a general entry for insulin-like growth factors.
Clinical comment

No clinical information on IGF-1 LR3 was identified.
4.3. IGF DES (1-3)

IGF DES (1-3) is an IGF-1 analogue, with the first three amino acid residues removed. The rest of the primary sequence is unchanged. Despite the loss of the first three amino acids, unit 1 is still described as being composed of 10 amino acid residues. This is because the final three amino acids in unit 1 represent the first three amino acids of IGF-1’s unit 2. The same effect is seen for units 2 to 6, and the final unit (unit 7) only contains seven amino acids.

The overall unit structure and amino acid sequence of IGF DES (1-3) is noted below. The bolded amino acids represent the residues that have moved from the start of the next unit (in IGF-1) to the end of the previous unit (in IGF DES (1-3)).

Unit 1: Thr-Leu-Cys*-Gly-Ala-Glu-Leu- Val-Asp-Ala.

Unit 2: Leu-Gln-Phe-Val-Cys**-Gly-Asp-Arg-Gly-Phe
Unit 3: Tyr-Phe-Asn-Lys-Pro-Thr-Gly-Tyr-Gly-Ser
Unit 4: Ser-Ser-Arg-Arg-Ala-Pro-Gln-Tyr-Gly-Ile
Unit 5: Val-Asp-Glu-Cys***-Cys*-Phe-Arg-Ser-Cys***-Asp
Unit 6: Leu-Arg-Arg-Leu-Glu-Met-Tyr-Cys**-Ala-Pro
Unit 7: Leu-Lys-Pro-Ala-Lys-Ser-Ala
The disulphide bridging units remain attached to the same amino acids. However, due to the locations, this results in unit five containing a disulphide bond within itself.

The tertiary structure of IGF DES (1-3) compared to IGF-1 results in the affinity to the IGF-1 receptor to become greatly decreased, while the potency is claimed to be greatly increased. The specific mode of action for the greatly increased potency is unknown, however it is proposed that the reduced binding allows for increased concentration of free peptide being available for interactions with cell receptors (Ross et. al., 1989). IGF DES(1-3) is marketed on the web on the basis of it exhibiting a similar mode of action to IGF-1 but with claims of greatly increased potency.

IGF DES(1-3) appears to be scheduled in Australia as S4 under the general entry of “insulin-like growth factors”. New Zealand does not currently have a general entry for insulin-like growth factors.

Clinical comment

No clinical information on IGF-1 DES was identified.
4.4. MGF

As discussed above, IGF-1 Ec is a spliced version of IGF-1. It is said to be up-regulated in muscles when subjected to mechanical stimulation. For this reason, it is also known as Mechano Growth Factor (MGF).
The general component make-up of MGF, and its relation to the IGF-1 locus, is shown in the below image (reproduced from Tahimic et al., 2013). The splice variant contains exons 3 and 4 that encode the mature IGF-1 peptide sequence, but also contains exons 5 and 6 that encode for E-domains. The resulting peptide ultimately appears to be cleaved, generating a mature IGF-1 and the E-peptide.


A study completed in 2007 (Ates et. al., 2007) has shown that MGF results in significantly enhanced muscle progenitor cell pool levels in both the craniofacial and lower limb muscle cell cultures, with ~38% increases in desmin positive cells in craniofacial muscle and ~51% increase in desmin positive cells in lower limb muscle. The introduction of IGF-1 and MGF is shown to significantly reduce the MGF induced increase in desmin positive cells. This suggests that the MGF E domain activates the muscle progenitor cells, however, with IGF-1 they enter the fusion pathway and are removed from the stem cell pool. This suggests that IGF-1 enhances myogenic differentiation whereas MGF E peptide increases progenitor cell pools and interacts with the same receptors. (Ates et. al., 2007)
According to the ACC report, MGF is scheduled as S4 in Australia (presumably under the general entry of “insulin-like growth factors”). New Zealand does not currently have a general entry for insulin-like growth factors.
Clinical comment

There is evidence that MGF has an important role in damage limitation and inducing repair in tissues (Goldspink, 2004). As well as strengthening the myocardium and tendons, it reportedly protects against anoxia (Bachl et. al., 2009). Clinical information is otherwise limited.

4.5. Conclusion

IGF-1 is currently scheduled in New Zealand under its commercial name mecasermin as a non-controlled drug, however, the synthetic analogues IGF-1 LR3, IGF DES(1-3), and the splice variant MGF, are not. Australia appears to schedule all IGF analogues and splice variants under the entry insulin like growth factors. Harmonising with Australia would allow all analogues and variants to be scheduled under the same category.

5. MELANOCYTE STIMULATING PEPTIDES/HORMONES/SUBSTANCES
5.1. Melanotan and Melanotan II

Melanotan is scheduled as a prescription medicine in both New Zealand and Australia. Scheduling occurs under its synonym of afamelanotide. Melanotan is a synthetic α-melanocyte stimulating hormone (α-MSH) analogue that differs in amino acid structure to α-MSH via two amino acids. The fourth amino acid of α-MSH, methionine, is replaced with norleucine, and the phenylalanine is substituted for the D raceimized phenylalanine. The resulting peptide has a dramatically increased potency in comparison to α-MSH (Dorr et. al., 1996). The afamelanotide amino acid structure is as follows (Ryakhocsky et. al., 2008). The replaced amino acids are bolded.
Ac-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2
Melanotan II is a synthetic α-melanotropin analogue that is commercially known as PT-141 or Bremelanotide (see section 5.2 for a complete description) (Safarinejad 2008a, Ryakhocsky et. al., 2008). When used in low doses, the drug is capable of stimulating melanin synthesis and promoting rapid tanning (Ugwu et. al., 1992) while higher dose forms are shown to result in increased sexual function (Hadley 2005). 
Melanotan II is structurally dissimilar to that of melanotan I. Melanotan-II is a purely synthetic cyclic seven amino acid molecule that is noted as being a “superpotent” melanocortin with reports of up to 1000 times increased potency (Hadley et. al, 2006). The amino acid sequence of melanotan II is shown below. The * indicates the cyclisation points.

Ac-Nle-Asp*-His-D-Phe-Arg-Trp-Lys*-NH2
Collectively, the substances melanotan I and melanotan II are known as melanotropic peptides and are synthetic analogues of the α-MSH. Melanotan I and melanotan II behave differently in the human body and as such, melanotan II will be discussed in the following section under its commercial name Bremelanotide.

Melanotan I binds to the melanocortin (MC1R) receptors on the plasma membrane, resulting in stimulated melanocyte proliferation and upregulated tyrosinase activity. This results in melanogenesis causing tanning without direct sunlight (Langan et. al., 2010). 
Phase I and phase II clinical trials and commercialisation has been completed under the name afamelanotide, a drug that is currently scheduled in both Australia and New Zealand. No medicines are approved in New Zealand containing this substance.
5.2. PT-141 (Bremelanotide)

Bremelanotide, the synthetic analogue of the active metabolite of Melanotan II, is manufactured by Palatin Technologies Inc. The drug is a cyclic, seven-amino acid peptide that has been trialled as a treatment for erectile dysfunction and female sexual dysfunction (Jordan et. al., 2013). 

Bremelanotide has been administered via either subcutaneous injection or a nasal spray. It is reported to have a high affinity for MC1, MC3, MC4, and MC5 receptors that are important components for sexual solicitation. Evidence suggesting that the bremelanotide sexual effects are behavioural specific was also provided, indicating that bremelanotide may interact with the brain to cause the observed changes (Pfaus et. al., 2007).
30 clinical trials have been completed using bremelanotide in both animals and human male and female subjects (Palatin Technologies Inc. 08-05-2013). In animals, the substance is shown to result in significant enhancement of solicitations. The drug is shown to have significant effects on erectile function and female sexual satisfaction after 12 weeks administration of doses of at least 5 mg (P-06 Pharmacology, 2007). Larger doses (10+ mg) have been shown to result in immediate response, with sustained erections for up to eight hours (Hadley 2005).
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The ACC report indicates that this substance is scheduled under S4 in the SUSMP, but it does not appear to be under the name of either PT-141 or bremelanotide. It may reflect the index of the SUSMP containing a melanocyte stimulating hormone entry that cross references to afamelanotide. The New Zealand Medicines Regulations 1984 does not currently have a melanocyte stimulating hormone entry.

Clinical comment

As commented above, bremelanotide has been investigated for the treatment of male and female sexual dysfunction. Phase 3 studies are yet to be conducted. A small (n=80), placebo-controlled study in women with female sexual arousal disorder (FSAD) found bremelanotide was efficacious in improving intercourse satisfaction (Safarinejad et. al., 2008a). Adverse events included nausea, flushing, somnolence, and headache. All adverse events were mild and self-resolving. Similar results were found for a study in 342 men with erectile dysfunction, with the additional adverse events of sweating, lower back pain and taste disturbance (Safarinejad et. al., 2008b).

In terms of safety, some side effects have been commented on above. There is also a case report in the literature describing Melanotan use associated with systemic toxicity including apparent sympathomimetic symptoms, rhabdomyolysis, and renal dysfunction (Nelson et al, 2012).

Clinical studies for other potential uses have not been identified.

5.3. Conclusion

Melanotan I is a synthetic analogue of α-melanocyte stimulating hormone, a hormone naturally synthesized in the pituitary gland. This substance stimulates melanin synthesis causing sunless tanning and is currently scheduled in New Zealand under its commercial name, afamelanotide, as a non-controlled drug substance.

Melanotan II is a cyclic peptide that is also shown to stimulate melanin synthesis while also increasing sexual function in both males and females. The increased sexual function is suspected to be a behavioural response and thus melanotan II is suspected to also interact with the brain. Melanotan II is included in the Medsafe database under its commercial name bremelanotide but not scheduled. We recommend that both Melanotan I and II be scheduled as prescription medicines under new categories such as Melanocyte Stimulating Peptides/Hormones/Substances, Melanotropic Peptides/Hormones/Substances, and/or individually under their commercial names.
If the substances are classified individually under their commercial names, bremelanotide can be scheduled under the PDE5 inhibitors classification due to the increased sexual function that the substance exhibits.

6. FINAL SUMMARY AND RECOMMENDATIONS
While most substances have limited clinical information available, the data to date supports the broad categories outlined in the ACC report. This suggests that it may be possible to schedule based on classes rather than each individual substance.
7. MEDSAFE RECOMMENDATIONS.
Based on a variety literature reports, clinical assessor comments, and information from the Australian Crime Commission (ACC). Medsafe recommends that the MCC consider: 

•
scheduling selective androgen receptor modulators (SARMs) to harmonise with Australia as outlined in section 8.2.4b of the agenda for the upcoming 49th meeting

•
harmonising with Australian scheduling by creating the following prescription medicine entry: “Insulin-like growth factors, except when specified elsewhere in the Schedule” 

•
scheduling growth hormone releasing peptides under the term “Human Growth Hormone Secretagogues”, if the committee considers these substances not to be included under the current scheduled term “Hypothalamic Releasing Factors”

•
creating a class entry for “Melanocyte Stimulating Peptides/ Hormones/ Substances” or “Melanotropic Peptides/ Hormones/ Substances” in Schedule I to capture unscheduled analogues such as bremelanotide. Otherwise these substances may be scheduled individually under their substance names.
Growth Hormone Variants and Other substances remain unclassified due to the lack of data to enable classification of these substances.
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Appendices:
I. Information on other substances not categorised

II. Summary Table of all substances noted in the Australian Crime Commission

III. Organised Crime and Drugs in Sport, published by the Australian Crime Commission

8. Appendix I
8.1. Follistatin
Follistatin is already scheduled as a prescription medicine in both New Zealand and Australia.

8.2. Thymosin β4 (TB-500)
TB-500 is a synthetic peptide, consisting of the amino acid sequence Leu-Lys-Lys-Thr-Glu-Thr-Gln (see structure below) with artificial acetylation at the N terminus. The peptide is the active fragment of the protein thymosin β4 and has been shown to have effects including cell migration, and wound healing. (Emmie 2012) TB-500 is proposed to increase muscle growth and tissue repair in horses and other mammals, and is intended for veterinary use only.

[image: image11.emf]
The TB-500 peptide is suspected to bind to the actin resulting in the noted cell migration and tissue repair, but also has several other suspected biological functions including inducing rapid immune response through inducing mast cell formation. TB-500 has also been found in wound fluid suggesting that the peptide is a naturally occurring degradation product of thymosin β4.2
Rat studies have shown that the TB-500 peptide has increased wound healing applied by Q tip to a wound in the presence of phosphate buffer and saline solution. Tests were directly compared to controls. The results show that, in mice wounds exposed to thymosin β4 or TB-500, keratinocyte migration more than doubled and collagen content increased by nearly two fold. The wound closure was also shown to be increased significantly. This suggests that thymosin β4 and TB-500 could have effects in wound repair.3
The U.S National Institutes of Health Webstire (Clinical trials.gov) does not list any current or past human trials for TB-500.4
TB-500 is not regulated in Australia. However, it is noted under schedule 2 of the WADA prohibited substances.
1) Doping control analysis of TB-500, a synthetic version of an active region of thymosin β4, in equine urine and plasma by liquid chromatography-mass spectroscopy. Emmie N. M. Ho et al. 2012, 1265, 57-69

2) Biological activities of thymosin beta 4 defined by active sites in short peptide sequecnes. Gabriel Sonse et al. 2010, The FASED Journal, 24, 2144-2151

3) Thymosin beta 4 and a synthetic peptide containing its actin-binding domain promote dermal wound repair in db/db diabetic mice and in aged mice. Deborah Philip et al. Wound repair and regeneration. 2003, 11, 19-24

http://www.clinicaltrials.gov/ct2/results?term=TB-500&Search=Search
8.3. Cerebrolysin
Cerebrolysin is a peptide mixture extracted from pig brain that has been shown to have neurotropic effects that may reduce the degenerative effects of alzheimers disease.1 The mode of action is hypothesized to be due to binding to selected receptors or through expression of nerve growth factors (NGFs), however the exact mode is unknown.2
Testing of intravenous injections of cerebrolysin in mice with overexpressed human amyloid precursor protein, the primary component of amyloid plagues found in brains of Alzheimers disease patients, has been shown to result in significant increases in NGF in comparison to the controls. The study has also shown large increases in furin, a key protein convertase responsible for converting pro-NGF to NGF.2
Clinical studies using cerebrolysin have also been completed. These studies were completed using cerebrolysin in conjunction with alteplase as a potential treatment of the early effects of stroke victims. The trial showed that cerebrolysin had an accelerated recovery during the early stages of the test (days 5-10). Day 10 showed significantly enhanced recovery, with responses noted from 72.2% of the test group in comparison to 50.2% in the placebo group. The increased recovery was noted in the cerebroysin group until day 30, by which time the pacebo group also showed similar effects. At day 90, no further enhanced improvement was noted. These results suggest that cerebroysin does increase recovery rates in the early time scales.3
1) Effecst of cerebroysin on neurogenesis in an APP transgenic model of alzheimers disease. Edward Rockenstien et al. 2007, 113, 265-275

2) Cerebrolysin modulates pronerve growth factor/nerve factor ratio and ameliorates the cholinergic deficit in a transgenic model of alzheimers disease. Kiren Ubhi et al. Journal of Neuroscience research. 2013, 91, 167-177. 

3) A prospective, randomized, placebo-controlled, double-blind trial about safety and efficacy of combined treatment with altepase (rt-PA) and cerebrolysin in acute ischaemic hemispheric stroke. Wilfred Lang Et al. International journal of stroke, 2013, 8, 95-104
8.4. Ta-65
TA-65 is extracted from the root of Astragalus membranacuew and is a small molecule activator of telomerase, a cellular reverse transcriptase that compensates telomere attrition by adding TTAGGG repeat units onto chromosome ends. Telomeres are the structures at the end of chromosomes that protect the ends from fusion and degradation. Most humans lack sufficient telomerase to maintain telomeres, hence the telomeres shorten with time reducing the effectiveness of chromosome replication. The ineffective replication of chromosomes contributes to aging, disease, and cancerous growth.1
Trials completed in 2011 on mice bred with telomerase deficient (Terc) genes have shown that TA-65 is capable of increasing telomerase activity and rescue critically short telomeres when supplemented as part of a standard diet in the mice. The study demonstrated that, after 3 months of feeding, no deaths occurred in the mice and the level of telomerase reverse transcriptase and protein in the liver had increased by 10 fold. The average telomere length was not significantly increased in the TA-65 treated mice groups, however, there was a notable decrease in very short telomeres suggesting that TA-65 rescues critically short telomeres but does not elongate sufficiently long telomeres.1
In vitro studies have also been completed and have shown that the TA-65 does result in proliferation and mobilisation of keratinocytes, a cell type in the outermost layer of the skin that aids in the formation of a barrier against environmental damage.1 This results in potential wound healing properties of TA-65.
TA-65 trials have also been completed on humans.3 A recent study published in 2011 has also shown that, while the mean telomere length did not increase due to the TA-65 intake, there was a significant decline in nuclei with short telomere lengths. This supports the mouse proposal that TA-65 rescues critically short telomeres but does not lengthen sufficiently long telomere chains.
The human study also noted a significant decrease in the level of senescent CD8+CD28- cytotoxic T cells after three months with a linear decrease over the 12 month study. The study states that with this rate, in CMV+ patents this could relate to an apparent age reversal of ~5-20 years in this biomarker of immune aging.2 
Clinical trials for TA-65 have also been completed with the aim of testing for anti-cancer activity due to the significant reduction in cytotoxic T cells.2 Links to telomerase activity causing cancer growth are also noted through literature.4 
1) The telomerase activator TA-65 elongates short telomeres and increases health span of adult/old mice without increasing cancer incidence. Bruno Bernardes de Jesus et al. Aging Cell, 2011 10 604-621.

2) A natural product telomerase activator as part of a health maintenance program. Calvin B Harley et al. Rejuvenation Research, 2011, 14, 1 45-56

3) http://www.clinicaltrials.gov/ct2/results?term=telomerase&Search=Search
4) Telomeres, Telomerase, and Telomerase Inhibition: Clinical Implications for Cancer. Ali Ahmed and Trygue Tollefsbol, Geriatic Bioscience

8.5. Actovegin
Actovegin is an ultrafiltrate of calf blood composed of more than 200 biological substances, of which the active components are strongly negatively charged oligosaccharides.1 Early preclinical studies have shown that actovegin can influence the wound healing process by stimulation of cell growth as well as reduce the rate at which hippocampal neurons from rat brains undergo apoptosis.2 Other effects were reported to include accelerated wound healing, improved blood circulation, protection from radiation damage, improved oxygen utilization, improved glucose metabolism, increased peripheral nerve fiber density, reduced oxidative stress, and improved nerve conduction.
A study published in 2012 includes the following table with literature sources for each of the above mentioned effects.2 Due to the large number of biological components and vast number of proposed effects, structural analysis and the mode of action of actovegin cannot be accurately determined.

Table 2. Summary of preclinical findings on the neuroprotective and metabolic effects of Actovegin.

	Actovegin effects
	Study

	Accelerated wound healing
	Mochida et al. [6]; Schonwald et al. [7]

	Improved blood circulation
	Hegner [9]; Giarola [10]

	Protection from radiation-induced damage
	Basu et al. [8]

	Improved oxygen utilization
	Reichel et al. [28]; de Groot et al. [29]; Hoyer and Betz. [30]

	Improved glucose metabolism
	Machicao et al. [26]

	Increased peripheral nerve fiber density
	Dieckmann et al. [12]

	Increased neuron survival
	Elmlinger et al. [11]

	Reduced oxidative stress
	Elmlinger et al. [11]; Dieckmann et al. [12]

	Reduced apoptosis
	Elmlinger et al. [11]

	Improved nerve conduction velocity
	Dieckmann et al. [12]


1) Enhanced proliferation of coronary endothelial cells in response to growth factors is synergized by hemodialysate compounds in vitro. D. Schonwald et al. Research in experimental medicine, 1991, 191, 259-272

2) Pleiotropic neuroprotective and metabolic effects of metabolic effects on actovegin’s mode of action. Fausto Machicao et al. Journal of Neurological Sciences. 2012, 322, 222-227
8.6. A form of interleukin not prohibited by WADA
This substance was only briefly referenced in the ACC report. In the absence of a substance name, no further information could be located. 
Conclusion

All appendix I substances have an unknown mode of action, limited clinical data, or do not fit into any of the above categories. These substances do not appear to be able to be classified under any of the existing regulatory entries.

 Appendix II
	Category
	Substance
	Interaction and Effect
	Type of evidence
	Scheduling
	Classification?

	Mimicking Endogenous growth hormone releasing hormone (GHRH)


	Tesamorelin
	-Marketed as EGRIFTA for treatment of HIV-associated lipodystrophy

-Acts in a similar way to GHRH, releases growth hormones which is expected to increase breakdown of fat.
	Clinical Trials,

New Zealand Medicine
	Not scheduled
	Hypothalamic Releasing Factors

	
	Sermorelin


	-Marketed as GEREF for the treatment idiopathic growth hormone deficiency in children but withdrawn in 2008.

-Limited clinical information, however, expected to act in a similar way to GHRH.
	Clinical Trials, Prescription Medicine
	Prescription Medicine in New Zealand
	Hypothalamic Releasing Factors

	
	CJC-1295


	-No medicine containing this is currently marketed.

-Leads to dose dependant increases in plasma GH and IGF-1 concentrations, no other clinical information available.
	
	Not scheduled
	Hypothalamic Releasing Factors

	Mimicking Endogenous ghrelin


	GHRP-2
	-Marketed as synthetic analogue
-Leads to HGH release

-Reported to regulate GH release through interaction with the growth hormone secretagogue receptor and increase food intake in both animal and human studies.
	Animal and Human Studies
	Not scheduled
	Hypothalamic Releasing Factors

	
	GHRP-6
	
	
	Not scheduled
	Hypothalamic Releasing Factors

	
	Hexarelin
	
	Human Studies
	Not scheduled
	Hypothalamic Releasing Factors

	
	Ipamorelin
	-Similar structure to other ghrelin analogue, however, described as a selective agonist of the other ghrelin receptors.

-Noted similar HGH secretion to GHRP-6 
	Rodent studies, in vitro
	Not scheduled
	Hypothalamic Releasing Factors

	Anti-Obesity Drugs
	AOD9604
	-Consists of residues 177-191 of HGH with an extra tyrosine residue at either the C or N terminus.

-Interaction is proven to not be via the HGH receptor and does not induce cell proliferation as other HGH like substances do. Mode of action remains unclear.
	Clinical Trials completed. Unsuccessful for weight loss. 

Rodent studies
	Not scheduled
	Unknown/unable to be classified

	
	HGH Frag 176-191
	Unknown. Likely either an analogue or synonym of AOD9604.
	-
	ACC report indicates scheduling in Australia
	Unknown/unable to be classified

	SARMS
	Aryl-propionamides

Bicyclic Hydantion

Quinoline

Tetrahydroquinoline


	-Bind to androgen receptor with high affinity causing anabolic effects including restoring muscle mass, bone strength, and lean body mass in rodents.

-Clinical studies report increased muscle mass
	In vitro

In vivo​
Rodent

Clinical Trials
	S4 of SUSMP in Australia
	Adoption of Australian “selective androgen receptor modulators”   

	IGFs and MGFs
	IGF-1
	-Naturally occurring growth-regulating hormone released by the liver, however, has synthetic analogues. 

-Binds to IGF-1 receptor releasing growth hormones resulting in a variety of anabolic effects
	Prescription Medicine
	S4 of SUSMP in Australia 

Prescription medicine in New Zealand
	Currently scheduled. 

Harmonise with Australia: Insulin-like growth factors. Encompasses the  synthetic analogues 

	
	IGF-1 LR3
	-synthetic analogue of IGF-1 with the glutamine at the 3 position replaced with an arginine.

-Marketed illegally for the same purpose as IGF-1.

-Increased potency and similar mode of action
	Animal Studies
	Scheduled by the TGA under “insulin like growth factors”
	Harmonise with Australia: Insulin-like growth factors.

	
	IGF DES (1-3)
	-synthetic analogue of IGF-1 with the first three amino acids removed.

-Marketed illegally for the same purpose as IGF-1. 
-Increased potency and similar mode of action
	Animal Studies
	Scheduled by the TGA under “insulin like growth factors”
	Harmonise with Australia: Insulin-like growth factors.

	
	MGF
	-Is a splice variant of IGF-1 (IGF-1 Ec). Shown to be upregulated in muscles when subjected to mechanical stimulation.

-Suggested that the MGF E domain activates muscle cell progenitor while IGF-1 enhances differentiation.
-Indirect evidence that MGF and IGF target the same receptors
	Rodent Studies

Human ​in vitro

	Scheduled by the TGA under “insulin like growth factors”
	Harmonise with Australia: Insulin-like growth factors.

	Melanotan I and Melanotan II

	Melanotan I
	-Marketed as afamelanotide

-Analogue of α-melanocyte stimulating hormone.

-Binds to the melanocortin (MC1R) receptors resulting in stimulation of melanocyte proliferation and resulting melanogenesis (tanning).

-Clinical studies completed with no toxic effects noted except mild increases in LDH.
	Prescription Medicine

Clinical Trials

Rodent and Lizard studies
	Prescription Medicine in New Zealand
	Scheduled in New Zealand under afamelanotide.

Potential group classification of: 

-Melanocyte stimulating hormones/peptides/

Substances

- Melanotropic Peptides/Hormones/Substances, -Individually under their commercial names

	
	Melanotan II
	-Marketed as Bremelanotide or P-141

-Synthetic analogue of α-melanocyte stimulating hormone

-Cyclic seven membered amino acid with reports of up to 1000 times potency.

-Has high affinity for the MC1, MC3, MC4 and MC5 receptors. 

-Results in increased sexual function in both males and females, possibly via interactions with the brain.
	Clinical trials

In vivo Rodent Studies
	Scheduled under section 4 of the SUSMP.

Not scheduled under either P-141 or Bremelanotide
	Potential group classification of: 

-Melanocyte stimulating hormones/peptides/

Substances

- Melanotropic Peptides/Hormones/Substances, -Individually under their commercial names

Bremelanotide can be classified under PDE5 inhibitors due to the increased sexual function effects.

	Follistatin
	Follistatin
	-Uncontrolled drug

-CAS number 117628-82-7

-No current manufacturers noted by Medsafe.
	-
	ACC report indicates scheduling in Australia

Scheduled by Medsafe
	Scheduled in New Zealand under Follistatin

	Others


	Thymosin β4, TB-500
	-The active component of Thymosin β4 is known as TB-500

-proposed to increase muscle growth and tissue repair in horses. For veterinary use only.

-TB-500 is found in wound healing fluid.

-Rodent studies have shown increased wound healing.
-Originally extracted from the Thymus
	In vivo Rodent Studies
	Not regulated in Australia.
Noted under schedule 2 of the WADA prohibited substances.
	Unknown/unable to be classified

	
	Cerebrolysin
	-Peptide mixture extracted from pigs brain shown to have neurotropic effects that may reduce the degenerative effects of Alzheimer’s disease and stroke victims.

-Mode of action unknown, suspected to be due to binding with selective receptors or through expression of nerve growth factors.

-Clinical trials show increased recovery in the early stages (10-30 days) with similar effects as placebo being noted at late stages (90+ days).
	Clinical Trials
	Not scheduled
	Unknown/unable to be classified

	
	TA-65
	-Small molecule activator of telomerase extracted from the root of Astragalus membranacuew.

-Does not lengthen telomers, however, rescues critically short telomers.

-Reduces levels of CD8+CD28- cytotoxic T cells at a linear rate. At this rate projected age reversals of 5-20 years could be achieved. 
	​In vivo​ Rodent studies

Clinical Trials
	Not scheduled
	Unknown/unable to be classified

	
	Actovegin
	-Ultrafiltrate of calf’s blood containing more than 200 biological substances

-Active components are strongly negatively charged oligosaccharides.

-Early preclinical trials have shown actovegin may result in a number of positive effects.

-Due to the large number of active components and proposed effects, no mode of action can be attained. 
	Pre-clinical trials
	Not scheduled
	Unknown/unable to be classified
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