Brendyn Smith Human Performance Enhancing Substances B0 eeting

(" Let's define ‘performance enhancing substance’. h
Chemical substances that are used to improve any form of activity performance in humans.
These include both legal and illegal substances, banned from sport or allowed,
natural and synthetic.

Given this broad definition, here’s what to expect in today’s group meeting: A look at the chemistry,
biological effects, and context of select types of performance enhancing chemicals with a
contemporary focus.

-Anabolic drugs (for classic steroid synthesis see group meeting by See, 2014)

-Natural ergogenic aids (compounds used to improve power output or exercise capacity)
‘Nootropics (see Harwood, 2020 for an amphetamine/stimulant breakdown)

-Anxiolytics and mental ailment drugs

-Adaptogens and other miscellanous substances banned by WADA

-This will not include a discussion on the ethics of performance enhancers or include advice
_on “how-to” use some of these substances

J

What does “doping” mean?:

Humans are highly competitive creatures, a product of the reality of a Kill-or-be-killed evolutionary environment E | tit it it doii
where “winning” meant high-quality resources, mating partners, and survival. It is no suprise then that humans have : 1.8 Compaliive SPOR, CONEXL, copng
1

used performance enhancing substances to gain an edge and “win” dating back to as early as 776 BC. is referred to as the s of banned
performance enhancing drugs by the

776 BC — 393 BC Ancient Greeks use a viscous opium juice in original Olympic Games competitors.

100 AD Roman Gladiators use stimulants and hallucinogens to prevent fatigue and injury

French cyclists and lacrosse players drink “Vin Mariani’: a coca leaf extract/wine
mixture to stave off fatigue and hunger

Olympic runner, Thomas Hicks, used a mixture of brandy and strychnine and nearly

THE MEDICAL AND SURGICAL REPGRTER. 1

VIN MARIANI

Late 19th century AD

1904 AD :> died. Many coaches and teams created witches brews and “secret formulas” containing | “The Standard Preparation of Erythoxylon Coca.”
strychnine, heroin, cocaine, and caffeine until heroin and cocaine were available by PAREFUL. continued testing by *
prescription in the 1920’s. st A s i § >

e e i
1928 AD :> International Association of Athletics Federation (track and field federation) N W ARIANLS e o ; ;g
bans doping by competing athletes ::‘;__h’““‘_:__m_“m i n
Borvous depression, sequeli of childbirth £k
WWII ca. 1940 AD _> Nazi soliders use testosterone and analogues to promote aggression %ﬁ%m
1958 AD :} FDA approves first anabolic steroid for sale in US (Dianabol) “::"::;%"ﬁ -
1976 AD :} Steroid testing for the first time at Montreal Olympics p e
:...,u.“'..:*‘?..‘.':.‘...i Garpamiog

1999 AD :} World Anti-Doping Agency (WADA) established MARIANI & CO,

@ - . . . _— 52 West 15th Street New York.
2000’s AD :> Athletes get “busted” for doping in their sports competitions et s e o s

(Barry Bonds, Lance Armstrong as classic pop culture examples)
https://sportsanddrugs.procon.org/historical-timeline/ 1
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Class I: Anabolics or anabolic-androgenic steroids (AAS), including steroids (Class 1) and selective androgen receptor modulators (SARMS; Class 1A)
What is anabolism?: set of metabolic pathways that construct molecules from smaller units; endergonic processes; sometimes synonymous with biosynthesis
What do anabolics do?: Natural and synthetic steroidal androgens that have similar biological effects to that of testosterone. Increase protein synthesis in cells,
especially in skeletal muscle. —They are Schedule Il controlled substances —

~ ™~

(= '3 ” i H \
The “OG” natural anabolic The “OG” synthetic anabolic

Pubescent teens

Methandrostenolone

" - with voice squeaks ;
The entity behind | Testosterone ) love this gtuﬁ (Dianabol®, or “D-BOL”) | [ 7~
the sauce: . \. J .
Mother Nature, The man behind the sauce: The Terminator
creator of testosterone Dr. John Bosley Ziegler, loved this stuff
Origin of androgens and link to testosterone: creator of Dianabol®
e BT PR N A AN Y ST The Lancet (1889): Dr. Brown- Behind D-BOL:
T“é“&ff\nﬁgéspfi%%‘c’%}&? Bﬁ‘{ﬁaﬁ_‘{;ﬁ}”‘ Seéquard reports feeling “increased -Ziegler pioneered its use as an athletic aid by giving it
OBTAINED FROM THE TESTICLES vigor and capacity to work” after to weight lifting champion Bill March in 1959.

OF ANIMALS, s s : . Oyrini .
. o iy self-administering a testicular extract Originally developed by CIBA (now Novartis) in 1955

____________ e e e s Ll eemeioeeeeeaaaeacaocaciaccoa----a and was marketed in Germany and the US.

Butenandt and Ruzicka DHEA and testosterone synthesis Ziegler spoke out about D-BOL use later in life saying,
-1935; component of a work portofolio that earned the 1939 Nobel Prize in “It is bad enough to have to deal with drug addicts,
Chemistry for their efforts on “sex hormones” and “polymethylenes and but now healthy athletes are putting themselves in

higher terpenes,” respectively. the same category. It's a disgrace. Who plays sports Bill March
< for fun anymore?” (from Bob Goldman’s Death in the Locker Room)

Synthesis:

1. MeMgBr

2. Oppenauer
_——

1 7 steps

-
-
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]
. : Bull. Korean Chem. Soc. 2009, 30, 249
Chemistry of Natural Products 2.2 0200002 and several patents 2
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Synthetic and chemoenzymatic large scale prep of DHEA acetate

Synthetic approach: Me

™

1. Ac;O
2. CrOg, AcOH

1. NH,OH-HCI

. . 2. Beckmann
diosgenin

(from soybean)

Chemoenzymatic: B E—

> 200 g scale o

Me

N e e mm e m e ——

1. Acs0O, AcOH, NaOAc
2. Recrystallize from MeOH

74 %

A
OPRD. 2016, 20,1520

BuOK, +BuOH

1.t
94% I
overa l 2. 2.5% aq. ACOH

ketoreductase
—b_

>99% conv.

°Y\ Aan 705 17-OH group:
Gin 711 1) favours androgenic activity,
N\ 2) oxidation reduces androgenic activity,
1325A - 3) esterification favours anabolic activity
Pl o TheaT? enhe e “

1 bolic activity,

> 17ae-alkylation favours
2) reduces androgenic activity

OH/ anabolic activity

18

1-and 2-alkylation favours
anabolic activity

Junction of

...............

Key contacts:
C-3 ketone/arginine
C-17 H bonding

Te-ulkylation favours anabolie activity.
3-keto group: enhances Toemethylation of

androgenic activity

favours androgenic activity

€4.5-double bond: reduction with
formation of Se-is er enhances
androgenic activi,

i Popular anabolic steroid structures: Int J Sports Med. 1991, 12, 408
Principles of Pharmacology for Athletic Trainers (2nd ed.)

H
oxymetholone oxandrolone
Anadrol®  Anavar®

H
nandrolone Stanozool
- trenbolone Winstrol®
Durabolin® Finajet®

one step from Anadrol®

| Legitimate steroid therapeutic use: : Some side effects of ‘roids
-stimulate muscle growth -Damage to cholesterol levels

-boost appetite -Acne and high blood pressure
-induce male puberty -Dangerous heart structure
-treat chronic conditions such as changes _
cancer and AIDS -Disturbing mood alteration
-Organ damage

-Death (happens quite often)

=

Example metabolism . ot Detection
(D-BOL) ! H methods:
2 [CHo ‘LC-MS/MS
o ‘GC-MS/MS
w \ o ‘HRMS
OH OH

] ™~

Long-term Hy
metabolite  ________._ N
r 3
(LTM) N | i v
' \ CHy | OH
: 5 w0 §
Lding R
HO™ A HO™ H
Fig. 21. of (1) to 65 i ) 17p-sulfate (3); 18nor-17,17-dimethylandrosta-1,4,13-

trien-3-0ne (4); 17-epimetandienone (8); 17 B-hydroxy-17a-methy-5p-androst-1-en-3-one (6); 17 3methy-58-androst-1-ene-3a,17a-diol (7); 18nor-
17,17-dimethyl-58-androsta-1,13-dien-3a-ol (8); 17 a-methyl5f-androst-1-ene-3a,17B-diol (9); and 17a-methyl5B-androstane-3a.17 B-diol (10).

Clinical Chem. 1996, 42, 1001
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Class IA: Selective androgen receptor modulators (SARMS) Curr. Opin. Nutr. Metab. Care. 2009, 12, 232.

-The idea behind SARMS: To selectively target the androgen receptors in different tissues differently; to target tissues and get a response similar to that would
be caused by testosterone, but without the unwanted androgenic effects caused by off-target interactions.

-If testosterone is the nuke, then the SARM is the precisely targeted missile

-Banned by WADA in 2008; no SARMS used in the clinic at the moment. Several undergoing clinical/pre-clinical testing for use in hypogonadism, osteoperosis,
andropause, muscle sarcopenia, or cachexia in cancer patients.

Performance enhancement use: bodybuilding aid/muscle builder/strength builder class

ANDROGENIC Highlighted SARMS #1 and #2: Andarine and Ostarine
VERSUS
e N
ANABOLIC E
Androgenic refers to a Anabolic refers to a

substance that is related substance that resembles
to the development of lestosterone in promoting Stl’uctural Structural
male characteristics the growth of muscles inspiration Me OH inspiralion

Bicalutamide (antl-androgen)

Bﬂ’

m(-zass
BIMUSCLE JOINT REPAR, 115

e development

ary male

Me OH Me 0H

Andarine Ostarine
L abandoned candidate in clinical testing for osteoperosis
SynthesiS' H

HSP: Heat-shock-protein

ARE: Androgen response element

1
1
1
1
1
1
1
1
1
1

- |
| 2 N NaOH/ m\cozu NBS o
1

: : Q.COZH acetone Al DMF N
BAaR]  ur: intaceliuar-ancrogen receptor X o 68% M 81% OAX'

: o Me Br
1
1
1
1
1
1
1
1
1
1

s neeasa . e
HBr
reflux
HO (o] SOCl,, DMF 86%
Ar then o
~ -————
VAN K2COs, FPrOH N ue’ % B NHyArLEt;N  HO ~br
CARE ] (ragergene actvaton] ca. 60% ¢ OH ca. 50-74% Me’ OH
:' ____________________ Fi \|
— : : ! 0 /[There are four reported doping cases of
Reproductive tissues Muscle tissues Bone tissue b Ar"N o \|ostarine or andarine in athletic sports
PSA p.rmem svnmE§is A growth factor synthesis A : H 4 i
rown 1| | Smedmi? || - owdon :
' Andarine/Ostarine ' US 2014/0018433 Al
AIMS Mol. Sci. 2018, 5,131 Rk - raripa 4
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Preparation of ostarine and andarine metabolites as analytical standards i Enantioselective:
Tet. Lett. 2013, 54, 2239 ' BuOOH __on RuO»2H,0
. o D-DET, T|(on='r)4 o NalO,
’ -|-:g ------------------- Vo Me 86% 950/ l>h Me
1 ' o, EE > ] o
metabolism _metabolism _ ! o LR . 79%
JJ\/\ e NJ-S/\OH ! DMFH,0 | NOH |
173 ! - X
Mé OH ! H ud oH : racemic | see left I/\ Me _
R', R2 = CN (ostarine) i target metabolite ' ca. 75% ! cf:s.?eogé S)Rtfrgilt rangf;‘b;gte
= NO,: :R2 = NHAc (andarine) @~ """ TTTTTTmTmmomomoemes - : _ o
Racemic: 2 ( ) S R =NO,90%ee
(o]
(o]
ncPeA O DIPEA o o R R o undesired side
\)LoH p— OH ~p - ﬂo)Lo )U’? o —_— +  product?
° Me . F4C N
M
¢ :©\ Me k/ H me
R FsC NCO
triphosgene,
:@\ DIPEA 1‘ T bBU
FsC NH,

Highlighted SARM #3: BMS-564929

Testosterone propionate

BMS-564929
* Levator ani
e Prostate

s A
HO . © -Clinical testing by BMS for andropause A
ek and symptoms of age-related decline £12
T -80:1 tissue activity ratio (muscle:prostate) 8199 . | evator ani
o AN CN .Subnanomolar AR agonist in vitro § 80} o Prostate
E 60
X( -A dose-response study suggested that % a0
0 Me Cl this compound was “substantially more S 20
potent” than testosterone in stimulating * 0
BMS-564929 growth of the levator ani muscle in castrated rats
\ J
HO COH 1, HCI/MeOH B20 COMe | KOH/MeOH HO CO;Me
. Ef 2. Boc,0, Et;N Bz 2. HC
NH oo > NH-HCI
3. PPhs, DEAD, NBOC  809% overall
PhCO,H
1. HCI, EtOH
1. Ac,O/AcOH, NaOH 2. phosgene,
HZNQ 2. Br, _ HzNQCN NaHCO4 OCNQCN
o 82% overall
3. CuCN, DMF mé ¢l ° me  cl

Me Cl

10 10 10° 102 107 1

Dose (mg/kg)

10 10?

10% 10 102 102 10" 1
Dose (mg/kg)

10 102

cl

Endocrinology, 2007, 148, 4
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Highlighted SARM #4: RAD140 . Highlighted SARM #5: LGD-2226 (also see LGD-403
NG N 1 LGD series developed just down the street at Ligand Pharma!
-Under development by !
Radius Health ! CF, I
=N, -90:1 anabolic to androgenic : 1. HN83/H2804
effect ratio(testosterone 1:1) ' = 2. Pd/C 10% H2
OH -Hopeful treatment for muscle ' 10/ NaCNBHg, 83%%
wasting and breast cancer e] N ° MeOH
NC NH e °IN2020, acase report of ' H
drug-induced liver injury X How to make
(o] Me pogtl_-RhAI(Ij)MO use was i in one step? P N(CH,CF3),
RAD140 publishe ) 1 J. Med. Chem. 2006, 49, 6143
A 1
e A
Synthetic route: ACS Med. Chem. Lett. 2011, 2, 124 HO.C OH . Not a SARM: MK-677 acts as a growth 19 H LGD-2226
Cs,CO., heat R ! hormone secretagogue = )
HO,C OH 2 v N
DMSO NH Me OBn
NC Me o He \''H “workable | 0 0 -Originally investigated and -
HoN Me yields” | N synthesized by Merck as a i ¥
cl NC Me : N H NH, GH secretagogue, with Samvsar U
CNe T T T ) ' Me potential medicinal value )
y NC RAD140 o © : Me  Yor GH deficient children, @g
, , ! burn victims, and frail elderly [
! /N\N : n-NH2 ED(élt/ ':lOBt : MK-677 -Used experimentally by el =
! / ' H 3 X N bodybuilders and weight-lifters
. NC NH e . A*facile” synthesis: Chinese Chem. Lett. 2012, 23, 661
: ' | Cbz H 1. N-Boc-O-Bn-
" Cl Me : ' Cbz 1. PhNHNH, N Ho N (D)-serine
------------------- 1. TBS-CI, EtzN NH O : TFA Pd/C DCC, HOBt
2. TPP/l,, EtzN O HN OH | 2 NaBH, —>93°/
3. TBAF Hivl ' MeOH o
NH Me |, CHO 3. MsCl N N
R z:z M;m:g ! pmmmmm _6 ? % gone §02Me
£ el e ~Me ! | MK-677 | <a— . 03"
§ Pt Temmmme 1. N-Boc-amino
i chy isobutyric acid NH2
o R L. DCC, HOBt 2. MsOH
° 1 ; 100 B ——
AR ' 3 2. MsOH
Treatment (mg/kg) : % 50 75%
Fgun :m[ = Thlz- ILM“IL‘(H“J activity rnanmn 0 young : @ 4 StepS
hum intact immature rats tr : ‘!
]

included n each treat
prostate. °p < 0,05 vs ve

€
sham and vehicle controls together wi I(I‘\ the SD. Flg.,h( rats were

ment group. *p < 0.05 vs vehicle for
ehicle for LABC.

Control

L-163,191 (0.1 uM)

692,429 (1 M)

PNAS, 1995, 92, 7001 02"'"
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lass Il: Selected notable non-steroidal, natural er nic ai , The first synthesis dates back to 1868, reported by Strecker and Volhard
1
Setting it straight with creatine: no, it is not a steroid. ! _ OH H,O h,"e 0
-However, it is perhaps the most well studied, legal ergogenic aids. ! N——N_Hz + o ——» H,N N\)J\OH
-Creatine is naturally occurring and simply helps regenerate ATP from cyanamide \ﬂ/ H.O
ADP after muscle contraction and work output. ! Me NH ) H M2
: . sarcosine Creatine monchydrate
. Contemporary strategies
i : ONa o
Me O : — H.0
| ' N=—NH, * o +Me)j\°H ——— Creatine monohydrate
BOOYTECH HaN N \)l\ |
100% PURE \rr OH ' NH
NE ; Me”
MONGHYDAATE NH !
Creatine I S0,2 H,0
. 2 rel
(Brendyn’s favorite G witn 12 : O/SMe — 27 s Creatine monohydrate
ergogenic aid) CroaTEL : Y % EI)H
1 2! 3 ,
How creatine works: : . X Industrial workflow for creatine synthesis
! O-methyliso(thio)urea
Resting muscle Active muscle ! SU| fate Sodium  Acetic acid  Cyanamide
' mrramraie
]
Creati e
pI:(;:gﬂ:te : B \I: A ;mhm'un Hf‘\rldi:flr:rﬂr('rmf'}irl!(‘ in ‘:x}q::r is fﬂ{i:rt
1 leaction into a reacior. cetic acid is added and e
- - - I Frank-Caro process ( ca. 1900) mixture is heated up. Then cvanamide is added.
Creat Crealine kinase ! - h . 8
"@ i .<.“’a b . ;(:. ; made cyanamide industrially available o
\ The mixtiere is cooled down below 30 °C.
1 Ca02 + Ng —_— CaCN2 +C
Energy for !
. H Y 1 1 . Tl F‘m ('f'\.?un'h::‘d creaiine mmn‘mwhm‘ﬂ is srf:«fﬂ-:rt«zi
Source: Sigma Nutrition comadion e S

1
Strength increases PORIELELYPER M M el : The wet filler cake is dried in a
FOODS (18-study meta-analysis) v Me O y mild ag. ; s S rt 1109 C
v CREATINE? J- Appl. Physiol. 2003, 94, 651 o | + conditions !
Placeba N 1 I acl (i 1€ creanne mononydrare 15 packed.
z 60 [ii— ' -
GAME MEAT ji=- ro NH creatine | |
T A indataraned e o ge” ! . ethyl ester | V' Creatine Monolydrate
calories and higherin lean € & sm i ,
e 1§ P Lo Snglneergd to | : Subcell Biochem. 2007, 46, 291
£ Y e a “prodrug” } SRSy Uy P
000 ! STTTETEmsmmmEmTT ' .
e L ] o, = okt sy (s 1 useless Other effects of creatine:
R I e B : excreted byproduct??’ -‘Reduce fatigue (7 studies)
i § > 1 Biochem Biophys Res Commun. 2009, 388, 252. | -Noticeable decrease in
i g4 | STTTTET Me o 77 ) depression (3 studies)
areconsi g e ' ' ‘Promote hydration (9 studies)
I it 3 P ' ' ' ' ydra
S e 38 : : HzN\n/N\)LOH : -Over 700 studies have been
o S ! NH'HCI X performed on creatine
i, B Gheios o 50 gl g of Vi il o | ! ) ) : https.//examine.com/
e et e T  creatine HCl enginseredto \_supplements/creatine/ )
1 A} I

hitp:/fwww.orientalbotanics.com et of the treaiment vs. the placebo (P < 0.05). enhance solubility
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Glycerol: an ergogenic aid?  HMB/Leucine Dichotomy
-Used to promote hyperhydration ! https://examine.com6 o

and offset deleterious dehydrative effects
-Can produce “cell-swelling” effects, which
can give an engorged muscle look

oH ;/t
oL _ on
glycerol

How it works:

Fluid from intestine
or nephron

Total body
water

X7

Osmotic
gradient

|
‘,k \ Gly (solute)
\ - Stomach \
\ A Semi-permeable membrane
Liver 1 —) N\ /X i 1
Al | | LETJ)/'},\ ,/k:\J/ _
Kidney ) — ¥ )|/ ~
\ ~ | o
_— A {\ | |/ Distal
Smah | A | \ Proximal convoluted tubule | || | convoluted |
intestine | e | (passive and/or active transport) 1‘ vubu\e/
= |
J Collecting” /¥
2
s duct  /aly

excretion

L-citrulline: hacking the urea cycle

o} (o]
NH,

L-citrulline

Ammonia

-L-citrulline helps boost plama arginine

and ornithine levels, which helps with

NO production, leading to better vasodilation
-Citrulline has been shown to reduce muscle
soreness and allow more training volume

--m_- =

(via Carbomyl phosphate)

Glycerol use?!?!

GLYCEROL
MON \TE

-Oral ingestion of glycerol
increases plasma [glycerol]
which in turn promotes an
osmotic gradient that can
create hyperhydrated cells
-Studies have found that
glycerol ingestion increases
fluid retention, decreases
urine output and free-
water clearnace amidst
various physical activities

Sports Med. 2007, 37, 981

-Branched chain amino acid

protein synthesis

that is an activator of mTOR,
a protein that induces muscle

Things about caffeine you perhaps didn’t know

Me metabolism Me OH
OH > OH
Me NH, Me
Leucine HMB

‘Metabolite of leucine that attenuates the
rate of muscle protein breakdown (much
more so than leucine)

‘However, is less effective at stimulating
muscle protein synthesis when compared

Leucine =¥ Leptin —» Saticty — Encnzy balanc
/ CONSISTENCY OF
9% outcome  MGRTUOE SEARCH NOTES
. . RESULTS
| Vi
Foo . mTOR |+ IRS-| w\\"l‘k\,
— Limited evidence supports the
S Increase in power output, which
s Moderate
Power Output ot s ™3y bo dus to chance; more often
"N > 2 SlI2 SIS yhan not, there is no significant
Influence
Decrease creatine Kinase exists
following acute supplementation
Muscle " High (15-30 minutes before a workout)
Damage Notable See all 3 studie of HMB free acid to about a third
of control, and i effective in
trained individuals
There may be & decrease in fat
mass associated with HMB
y supplementation when combined
Fat Mass . with resistance training, but this
Minor a7 34

reduction is not a large magnitude
and usually does not occus; quite
unrelisbie

besides its wakefulness promoting abilities

Caffeine has solid research

1. Arginase 2. Ornithine carbamoyltransferase 3. Arginosuccinate synthase
4. Arginosuccinate lysase 5. Nitric oxide synthase (NOS)

https://examine.com/supplements/citrulline/

27 mg

- l I

19mg 20mg

3mg
%

--------------------- L e ] s Me backing its ability to:
Nitric Oxide i N -increase running capacity
. : ""j\ > | (7 studies)
3 N .N ! o N N -increase power output (9
: ! Me studies)
UREA CYCLE Arginine NITRIC OXIDE CYCLE ' R
: caffeine ‘boost training volume

K‘ w ' capacity (3 studies)

- Uan E Amount of 80mg 82mg -
i caffeine per cup:

ENZYMES : I






