
A s a  com ponen t necessa ry fo r surv iva l, a  dynam ic

equ ilib rium or steady sta te  m ust exist in  the  in terna l

bod ily  environm ent. A s a  constituent o f th is steady

sta te  equ ilib rium , the  adrena ls function  to  secre te

spec ific neuro transm itte rs, inc lud ing  ep inephrine

(adrena line), norep inephrine  (noradrena line), and

cortiso l in  response to  stress. S ubsequently, w ith  the

re lease o f these neuro transm itte rs, a  series o f physi-

o log ic e ffects ensues. T hese even ts m ay include fo r

exam ple  a  rap id  heart ra te  or an  increased a lertness .

Thus in  these aspects stress represen ts a  pro tec tive

and restora tive  event. A lte rnative ly, cons tant o r excess

stress m ay have negative  consequences, m an ifesting

as an assortm ent o f sym ptom s and encom passing a

m ultitude o f em otiona l, behav iora l, and even physica l

sym ptom s, w h ich  m ay include adrena l g land en large-

m ent, gas tro in testina l consequences, as w e ll as im -

m une dys function .1 A lthough an adap tive  process ,

w hen in  excess , stress consequently resu lts in  adap-

ta tion , w h ich  in  tu rn  m ay resu lt in  bod ily  o r o rgan dam -

age. Th is process has been defined by S e lye  as the

‘gene ra l adapta tion  (ad jus tm ent) o r stress syndrom e.’

S elye , the  first to  co in  the  w ord  “stress,” fu rther ca t-

egorized it to  represen t the  “m utua l ac tions o f fo rces

that take p lace across any sec tion  o f the  body, phys i-

ca l o r psycho log ica l.”2

A n excess production  o f stress m ay m anifest in  a  vari-

e ty o f sym ptom s, va ry ing  enorm ous ly am ong d iffe rent

ind iv idua ls. S tress re la ted  illnesses are  a  frequent oc-

currence, no ted as one o f the  m ost com m on clin ica l

pa tte rns seen in  hea lthca re  c lin ics. As the  degrees o f

stress vary broad ly am ong ind iv idua ls, four ca tegories

and degrees o f stress have been ca tegorized, w h ich

include ; 1 ) phys ica l stress, inc lud ing  overw ork, lack o f

s leep , o r a th le tic  ove r-tra in ing ; 2 ) chem ica l stress, such

as env ironm enta l po llu tan ts, d ie ts excessive ly h igh  in

refined carbohydra tes, food or add itive  a lle rg ies, and

endocrine  g land im ba lances; 3 ) therm al stress, inc lud -

ing  over-hea ting  or over-ch illing  o f the  body ; and 4)

em otiona l and m enta l stress.3

H ypoadren ia  or ad rena l fa tigue is considered to  be  one

of the  m ost p reva lent deb ilita ting  cond itions o f the  past

fifty years; how ever it is  ra re ly d iagnosed , and o ften

it is  m isd iagnosed as o ther types o f illnesses, includ -

ing  chron ic fa tigue cond itions, fibrom yalg ia  or se rious

food/inha lant a lle rg ies. M ost pa tien ts describe  the ir

sym ptom ato logy as a  ‘fa tigue tha t s im ply cannot be

overcom e.’4 In  add ition  to  the  adrena ls acting  a lone,

the  com bined hypo tha lam ic-p itu ita ry -adrena l axis a lso

con tribu tes to  the  body’s ab ility  to  cope w ith  s tressors ,

w h ich  inc lude am ong o thers in fec tions, b lood p ressure

fluc tuations, and illnesses.

The adrena l g lands p lay an essentia l part in  m any

bod ily functions , p rim arily  as a  consequence o f the

horm ones they secre te . A s such they supp ly com po-

nents necessary fo r num erous b iochem ica l reac tions.

A s a  consequence o f these horm ona l factors, they s ig -

n ifican tly e ffect the  function ing  o f every tissue, o rgan

and g land in  the  body. They a lso  exe rt an  e ffect on

both  m enta l p rocesses and the  overa ll fee ling  o f w e ll-

ness . Taking in to  account a ll o f these actions , the ir p ri-

m ary func tion  is  to  enab le  the  body to  cope w ith  stress .

In  fact they have been sub jective ly c lass ified as “the

g lands o f stress .”4 E ndurance, energy and resiliency,

as w e ll as life  itse lf depends upon the ir p roper func-

tion ing . In  fact, the  horm ones sec re ted by the  ad rena l

g lands have been sa id  to  “influence a ll o f the  m ajor

phys io log ica l p rocesses in  the  body.”4

A drena l dys function  can take m any fo rm s, the  m ost

severe  fo rm be ing A dd ison’s d isease , w h ich  if le ft

un trea ted is life  th reaten ing. A drena l fa tigue, a lthough

less serious, e ffects m illions each year, and usu -

a lly  goes und iagnosed . D im in ished function  or adrena l

hypo function  resu lts from a  deficiency in  the  function

of the  adrena l g lands , and m ay present as a  broad

spec trum of d isorders . C ortiso l has a  broad reach ing

effect in  the  body, as it no t on ly a ffects g lucose but a lso

has an influence on both  pro te in  and fa t m etabo lism .

A s a  consequence o f adrena l dys function , changes

in  carbohydra te , p ro te in  and fa t m etabo lism  m ay

occur, as w e ll as a lte ra tions in  flu id  and e lectro ly te

ba lance, heart and card iovascu lar sys tem prob lem s or

a  reduced sexua l des ire .4 N utrien ts, inc lud ing  v itam ins,

m inera ls and bo tan ica ls are  know n to  provide  va luab le

support fo r the  adrena ls , and can o ffe r subs id ia ry and

res tora tive  com ponents to  ove rstressed adrena ls.

S tructura lly, the  adrena l g land is d iv ided in to  tw o parts,

an  outer reg ion  ca lled  the  adrena l cortex and an in -

ner reg ion  ca lled  the  adrena l m edu lla . The adrena l

cortex, com pris ing  the  bu lk o f the  g land, p roduces

the m inera locortico id  a ldos terone and the  g lucocor-

tico id  co rtiso l, w h ile  the  ce lls  o f the  adrena l m edu lla

produce ep inephrine  (adrena lin ) and norep inephrine

(noradrena lin ). A ndrogens, inc lud ing  D H E A and tes-

tosterone are  a lso  produced by the  adrena l cortex.

B oth  ep inephrine  and norep inephrine  have an e ffect

on num erous o rgans or functions thereof, inc lud ing  the

heart, the  liver, b lood pressure , b lood vesse ls and a ir-

w ays .5 The ch ie f respons ib ility  o f the  m inera lcortico ids

and g lucocortico ids is  to  regu la te  the  stress response ,

v ia  the  synthes is o f corticostero ids (cortiso l) and ca t-

echo lam ines (adrena line).6

Vitam ins associated  w ith  A drenal S upport

Vitam in C . In  the  adrena l g lands the  concentra tion

of v itam in  C is am ong the  h ighes t in  the  body, be ing

rough ly 100 tim es tha t o f b lood p lasm a leve ls .7 A s

such the  ad rena ls are  extrem ely sens itive  to  inadequa-

cies in  v itam in  C . In  ca techo lam ine synthesis , v itam in

C is requ ired  as a  co-fac tor in  the  conversion  o f dop-

am ine to  norep ineph rine .8 In  hum ans v itam in  C sec re-

tion  occurs as part o f the  stress response v ia  horm one

regu la tion , specifica lly  in  response to  stim u la tion  v ia

the  adrenoco rtico troph ic horm one (A C T H ). U tiliz ing

adrena l ve in  ca theteriza tion , it w as dem onstra ted tha t

fo llow ing A C TH  s tim u la tion , the  m ean adrena l ve in  v i-

tam in  C leve l increased app roxim ate ly four fo ld , and

then subsequen tly re turned to  near pre-s tim u la tion

leve ls approxim ate ly 15  m inutes therea fte r. P eak ad-

rena l v itam in  C and cortiso l concentra tions have been

strong ly corre la ted (r2=0.35, P <0.001), suggesting  a

loca l action  o f v itam in  C on the  adrena l g lands . A d-

d itiona lly, it has been noted tha t, a lthough be ing o f

unknow n func tion , the  increase in  v itam in  C sec re tion

suggests tha t “adrena l v itam in  C secre tion  is  an  in te-

gra l part o f the  stress response.”9 S tress , fever and

vira l in fections, as w e ll as hab itua l actions , such as

sm ok ing and a lcoho l use, cause a  rap id  decline  in  the

b lood leve l o f v itam in  C ,10 and the  v itam in  C requ ire-

m ents tend to  be  h ighe r in  stressed or traum atized

persons.11

Th iam in  (B 1 ) (as  cocarboxylase). A s a  coenzym e

th iam in  p lays centra l ro le  in  in trace llu la r g lucose m e-

tabo lism ,12 m aking it a  v ita l ad junct in  adrena l dysfunc-

tion , as b lood suga r fluctuations (hypog lycem ia) a re

a know n corre la ting  sym ptom . T h iam in  is  requ ired  fo r

the  m etabo lism o f carbohydra tes, as part o f the  coen-

zym e cocarboxylase, a lso  know as th iam in  pyrophos-

phate  (TP P ). T he energy produced from ox ida tion  o f

g lucose is h igh ly dependent upon TP P,13 and in  the

absence o f th iam in  a  s low ing or com ple te  b lock ing  o f

th is enzym atic reac tion  occu rs, due to  a  lack o f TP P.

A n inadequate  production  o f TP P has the  potentia l to
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affect m ultip le  enzym atic p rocesses, particu la rly tha t

o f carbohydra te  m etabo lism . Th iam in  a lso  partic ipa tes

as an active  com ponent in  the  c itric  ac id  cyc le  (K reb’s

cycle), as a  requ ired  co factor fo r the  decarboxyla tion

of -ke tog lu taric ac id  to  succiny l C oA , thus serves as

an im portan t com ponent in  energy produc tion . Fur-

therm ore , a  deficiency in  th iam in  has been corre la ted

to  se lective  neurona l death  in  the  bra in , possib ly due

to  the  induc tion  o f oxida tive  stress, as evidenced by

the up-regu la tion  o f m arkers o f endop lasm ic re ticu lum

stress. T h is type o f stress has been associa ted w ith

a  range o f neu rodegene ra tive  processes, includ ing

the  obstruction  o f b lood flow to  the  bra in .14 D ecreased

m enta l acu ity is  a  corre la ting  sym ptom  of adrena l dys-

function , thus th iam in  m ay p lay a  beneficia l ro le  in  th is

capac ity.

R iboflavin  (V itam in  B 2 ). R iboflavin  is  found prim arily

in  the  body as a  fundam enta l com ponent o f the  co-

enzym es flavin  aden ine d inuc leo tid  (FA D ) and flav in

m ononucleotide  (FM N ).15 In  bo th  adrena l and thyro id

insu fficiency the  conversion  o f riboflavin  in to  FA D and

FM N is im pa ired .16, 17 A deficiency in  riboflavin  has a lso

been co rre la ted to  an  increase in  oxida tive  stress.17

A long w ith  o ther B  v itam ins, riboflavin  is  u tilized to

support energy transfer and produc tion  v ia  its  ac tion

in  the  m etabo lism o f fa ts, carbohydra tes and pro te ins .

A s such it p lays a  v ita l ro le  in  energy produc tion .

A dditiona lly, riboflav in  is  requ ired  fo r red  b lood ce ll

fo rm ation  and resp ira tion , an tibody production , and in

the  regu la tion  and production  o f g row th  horm one.

N iacin  (as  n iacinam ide). N iacin  is  an  essentia l

com ponen t o f the  coenzym es N A D  and N A D P, thus is

essentia l to  a ll liv ing  ce lls . N A D  m etabo lism has been

associa ted w ith  a  v ita l e ffect on  b io log ica l en tities,

includ ing  the  overa ll hum an lifespan.19 N A D  functions

as both  an e lectron  carrie r fo r in trace llu la r resp ira -

tion , and a long w ith  o ther enzym es, as a  dehydroge-

nase , fo r the  purpose o f oxid iz ing  energy prov id ing

m olecu les , inc lud ing  po ly (A D P -ribose) po lym erases,

m ono-A D P -ribosy ltransferases, as w e ll as the  s irtu in

enzym es.19, 20 N A D P on the  o ther hand functions as a

hyd rogen donor in  reduc tive  b iosynthes is. It has been

estim ated tha t approxim ate ly 200 enzym es requ ire  the

coenzym es, N A D  and N A D P.20 N ico tin ic acid  has a lso

been associa ted w ith  the  g lucose to le rance factor,

im p lica ting  its  im portance in  the  insu lin  response, m ak-

ing  it an  extrem ely im portan t en tity  in  adrena l support,

as ad rena l fluc tuations a re  assoc ia ted w ith  hypog lyce -

m ic sym ptom s. In  n iacin  deficient D N A repa ir m ode ls,

a dram atic inh ib ition  in  D N A repa ir has been dem on-

stra ted.21, 22 A deficiency in  n iacin  is  com m only recog-

n ized by changes in  the  sk in , inc lud ing  the  m ucosa o f

the  m outh , tongue, stom ach, and in testina l tract, as

w ell as changes in  the  nervous system .23

Vitam in  B 6 (as  pyridoxal-5-phosphate ). V itam in

B 6  serves as a  coenzym e in  w e ll over 100 reactions ,

w h ich  m akes it functiona lly  im portan t in  bo th  m etabo-

lism  and hea lth . T he active  coenzym es o f v itam in  B 6

are  pyridoxa l 5 -phosphate  (P LP ) and pyridoxam ine

5-phosphate  (P M P ). P LP functions as a  co factor

in  lip id  m etabo lism . C onsequen tly w ith  v itam in  B 6

deficiency, decreased body fa t, decreased leve ls

of liver lip ids, as w e ll as im pa ired  lysosom al lip id

degradation  has been observed.24, 25 , 26 B oth  the

nervous and im m une system s requ ire  an adequate

supp ly o f v itam in  B 6  fo r e fficien t func tion .27, 28, 29, 30

Vitam in  B 6 is  a lso  requ ired  fo r the  conversion  o f tryp-

tophan to  n iacin  and sero ton in ,31, 32 as w e ll as fo r the

convers ion  o f tyrosine  to  dopam ine. In  one study a

deficiency in  v itam in  B 6  w as co rre la ted to  a  s low er

extrace llu la r dopam ine re lease (43% longer w ith

deficiency).33 D opam ine is know n to  be  an active

partic ipant in  the  sec re tory m odu la tion  o f bo th  a ldos ter-

one and ca techo lam ine from the adrena l g land,34 and

dopam ine dep le tion  is  corre la ted  w ith  phys ica l and /or

psycho log ica l stress. In  an  an im al study a  s ing le  dose

of B 6 w as dem onstra ted to  stim u la te  the  secre tion  o f

adrena l ca techo lam ines.35

Vitam in  B 12  (as  cobalam in ). Fa tigue is a  com m on

sym ptom in  adrena l dys function , and a  deficiency in

vitam in  B 12 m ay be corre la ted to  sym ptom s o f fa tigue.

V itam in  B 12  p lays an in tegra l part in  the  b iosynthesis

o f pyrim id ines and purines, m aking it an  essentia l

com ponen t in  the  synthesis o f nuc le ic acids .11 V itam in

B 12 is  requ ired  as a  coenzym e for m ultip le  enzym es,

includ ing  N 5-M ethylte trahydro fo la te  hom ocyste ine

m ethyltrans ferase , w h ich  is a  requ ired  com ponent o f

L-m eth ion ine  synthes is. A deficiency in  v itam in  B 12

has been associa ted w ith  neu ro log ica l m an ifesta-

tions.36 A dd itiona lly, v itam in  B 12  deficiency, in  com bi-

nation  w ith  a  deficiency in  o ther B v itam ins, inc lud ing

vitam in  B 6  has a  d irect im pact on  the  syn thesis o f

neuro transm itte rs.37 S ubsequen tly w ith  deficiency an

im pact on  cogn itive  func tions is possib le . A lte rnative ly,

supp lem enta l v itam in  B 12 m ay a llevia te  th is deficiency

and prov ide  support fo r adrena l dys function , v ia  its  im -

pact on  im proving  decreased m enta l acu ity.

Fo late  (as  fo lic  ac id ). Fo la te  is  a  cons tituent o f

every liv ing  ce ll, bo th  in  p lan ts and in  an im als. L ike

vitam in  B 12 , fo lic  ac id  is  invo lved in  the  b iosynthes is o f

purines and pyrim id ines, and is u tilized by the  body

to  decrease hom ocyste ine  leve ls. Fo la te  a lso  p lays a

ro le  as a  coenzym e in  num erous m etabo lic  reac tions,

and deficiency has been corre la ted w ith  genera lized

w eakness , m elancho ly fee lings, as w e ll as d iso rders

of the  periphera l nerves.11

P anto then ic  A cid  (as calc ium panto thenate ).
(V itam in B 5 ) P anto then ic acid , a  w ater so lub le  v itam in ,

p lays an essentia l ro le  in  the  m etabo lism o f ca rbohy-

dra tes , fa ts and pro te ins . It a lso  partic ipa tes in  o ther

essentia l bod ily  functions includ ing  the  production  o f

com m on neuro transm itte rs, fo r exam ple  horm ones,

and, as a  factor in  the  synthesis and oxida tion  o f fa tty

acids and pyruvate , it serves as an essen tia l com po-

nent o f the  c itric  ac id  cyc le . A s such it is  an  im portan t

factor in  energy production .38 A deficiency in  panto th-

en ic acid  has been associa ted w ith  adrena l a trophy.

P anto then ic ac id  fo rm s the  core  o f C oenzym e A (C oA ),

as the  in itia l s tep  in  the  syn thesis o f C oenzym e A is

the  phosphoryla tion  o f panto thena te . C oenzym e A is

requ ired  in  the  synthesis o f the  im portan t neu ro trans -

m itte r, acety lcho line , a  chem ica l requ ired  fo r nerve

transm ission . Thus, panto then ic acid  p lays an in trica te

ro le  in  the  synthesis o f isopreno id-type com pounds,

includ ing  s tero id  horm ones, cho lestero l, and v ita -

m ins A and D .39 A lte red C oA hom eostasis has been

docum ented in  certa in  cond itions , inc lud ing  s tarva tion ,

d iabetes , a lcoho lism and v itam in  B 12  deficiency.40

A close re la tionsh ip  exis ts be tw een the  tissue leve ls

o f panto then ic acid  and adrena l co rtex function , as

panto then ic ac id  functions to  stim u la te  the  adrena l

g lands to  produce add itiona l cortiso l. A deficiency in

panto then ic acid  has been corre la ted to  d isrup tions

in  or abnorm alities o f neuro transm itte r p roduction ,

resu lting  in  d ifficu lty in  dea ling  w ith  stress fu l s itua tions.

A ccord ing ly, panto then ic acid  is  som etim es re ferred to

as the  “anti-stress” v itam in . A deficiency in  panto then ic

acid  has been show n to  resu lt in  c lin ica lly  p reva lent

sym ptom s o f gene ra lized m ala ise .40

M inerals  A ssocia ted  w ith  A drenal Support

Iron  (as ferrous g luconate). Iron  is a  m ajor com po-

nent o f hem og lob in , the  prim ary com ponent o f red

b lood ce lls , accounting  fo r g reater than 65% of iron

in  the  body.11 In  add ition  to  hem oglob in , o ther iron

con ta in ing  com pounds include m yog lob in  and the

cy tochrom es. M yog lob in’s prim ary function  is  in  the

transport and storage o f oxygen w ith in  the  m usc le ,

w hile  the  cytochrom es, spec ifica lly  cy tochrom es a , b

and c , function  in  the  m itochondria l e lectron  transport

cha in , and thus are  critica l to  resp ira tion  and energy

m etabo lism . S ign ificant iron  deficiency has been cor-

re la ted  w ith  dep le ted leve ls o f cy tochrom es b  and c,

resu lting  in  lim ited  ra tes o f oxida tion  by the  e lec tron

transport cha in .41 Iron  is  a lso  requ ired  as a  co factor

in  the  synthes is o f the  neuro transm itte rs dopam ine,

norep ineph rine  and sero ton in .42 Ep inephrine  is

derived from the am ine no rep inephrine , and ep ineph-

rine  leve ls are  know n to  be  a ffected in  adrena l fa tigue,

characteristica lly  be ing  decreased. N orep inephrine

and ep inephrine  a lso  act as a ids in  the  m ain tenance

of norm al b lood g lucose leve ls by stim u la ting  g luca-

gon re lease, g lycogeno lysis and food consum ption ,

and by inh ib iting  insu lin  re lease .43 A s a  fina l po in t, iron

deficiency is no ted as the  m ost com m on nutritiona l

deficiency w orldw ide, a ffecting  predom inate ly w om en

and ch ild ren.44, 45

M agnesium  (as m agnesium  m alate). A s a  co fac -

to r in  over 300 m etabo lic  reactions , inc lud ing  those

invo lved in  the  p roduction  o f m etabo lic  energy, m agne -

sium  se rves as an extrem ely im portan t m inera l in  v ivo .

A deficiency in  m agnesium is cha racterized by d iverse

sym ptom ato logy, inc lud ing  m usc le  spasm s, persona l-

ity  changes, and neurom uscu lar sym ptom s,11 as w e ll

as ‘im pa irm ents in  em otiona l m em ory,46 and centra l

nervous hyperexc itab ility”.47 M agnes ium is a  neces-

sary com ponen t in  the  adrena l horm one cascade, thus

m agnes ium sta tus is  c lose ly co rre la ted to  the  ab ility

o f the  adrena ls to  recover from stress . A dd itiona lly,

the  abso rp tion  capacity o f m agnes ium decreases w ith

increasing age, em phas iz ing  the  need fo r added m ag-

nesium w ith  increasing age.48

Z inc (as z inc c itrate). Z inc pe rform s m any d iverse  ac-

tions in  the  body; how ever th ree are  cons idered v ita l,

those be ing its  function  as a  s tructura l com ponent, as

a ca ta lys t, and as a  cocata lyst. A n added ro le  is  its

function  as a  regu la tory factor. Z inc is  an  essentia l

com ponent o f the  z inc conta in ing  m eta lloenzym es,

w h ich  includes a lka line  phosphatase and lacta te

dehydrogenase, and in  th is ro le  m ay have dua l func-

tions, fo r exam ple  p laying  both  a  functiona l and a

struc tura l ro le . C onsequently, a  dep le ted z inc sta tus

affects the  function  o f these enzym es, resu lting  in

e ither d im in ished or com ple te  loss o f enzym atic activ-

ity.49 P roper function ing  o f the  adrena l g lands re lies on

adequate  z inc sta tus. Thus it is  no t su rpris ing  tha t z inc

deficiency has been co rre la ted to  ‘adenohypophysea l-

adrena l co rtex function’ as w e ll as to  an  increased
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stress response. The adrenoco rtico trop in  response

w as dem onstra ted to  be  pos itive ly corre la ted w ith

serum zinc sta tus.50 A lso , w ith  z inc deficiency an in -

crease in  neurona l dam age has been observed , w h ich

w as associa ted w ith  an  increase in  the  fo rm ation  o f

free  rad ica ls.51 S upp lem enta l z inc has dem onstra ted

to  be  an e fficient m eans o f im prov ing  z inc sta tus.52

M anganese (m anganese g lycinate). M anganese

functions as a  com ponent o f the  m itochondria l m an-

ganese conta in ing  superoxide  d ism utase (S O D ),

w h ich  p lays a  critica l ro le  in  p ro tecting  the  ce ll from

dam age due to  ox ida tive  stress . M anganese deficien-

cy in  an im als has been reported  to  dow nregu la te  the

m itochondria l m anganese S O D , a t the  leve l o f gene

transc rip tion . M anganese-ac tiva ted enzym es a lso  p lay

im portan t ro les in  the  m etabo lism  o f carbohydra tes,

am ino acids, and cho les tero l.53 B oth  m anganese-

con ta in ing  and m anganese-ac tiva ted enzym es p lay

critica l ro les in  g luconeogenes is.54

C opper (as  copper g luconate). C opper is  an  essen-

tia l trace e lem ent fo r bo th  hum ans and an im als , as it

p lays a  critica l ro le  in  the  oxida tion /reduction  reac tions

of the  body, p rim arily  due to  its  ab ility  to  eas ily  accept

and donate  e lectrons . T h is capac ity a lso  m akes it an

im portan t m inera l in  the  scaveng ing o f free  rad ica ls.

In  add ition  to  be ing a  v ita l com ponen t o f the  copper

con ta in ing  enzym es, know n as the  cuproenzym es, it

is  a lso  invo lved in  m ultip le  enzym e processes, includ -

ing  the  production  o f ce llu la r ene rgy, v ia  its  v ita l func-

tion  as part o f the  enzym e cy tochrom e c  ox idase. A s a

resu lt it m ay be v iew ed as a  v ita l com ponent fo r

adrena l support.

M alic  A cid  (as m agnesium  m alate). A deficiency

in  m ala te , an  essentia l com ponen t o f the  C itric  A cid

C ycle , has been linked to  physica l exhaustion .55

E xogenous M ala te  in  very sm all am ounts is  requ ired

to  increase AT P production  and m itochondria l oxida-

tive  phospho ryla tion . A dd itiona lly, M a lic A cid , know n

to  be an a lum inum  che la tor, m ay support a lum inum

detox ification .

B otan icals  B eneficia l fo r A drenal S upport

R hod io la  rosea (extract) (roo t). In  m any pa rts o f

the  w orld R hodio la has been u tilized fo r decades to

a llevia te  everyday sym ptom s o f anx ie ty, despa ir, and

insom nia , and is a  popu lar adaptogen and anti-stress

p lant in  bo th  E urope and A sia .56 Its  use has been cor-

re la ted  to  m ood im provem ent, and the  a llev ia tion  o f

both  depress ion  and fa tigue.57 In  one study the  use

of R . rosea w as dem onstra ted to  s ign ificantly im prove

sym ptom s o f genera l apprehens ion, as ind ica ted

by a  reduction  in  the  H am ilton  A nxie ty R ating  S ca le

(H A R S ) score .58

Tyrosinase (from  m ushroom ). M ushroom derived

Tyrosinase is a  va luab le  source o f am ino ac ids,

con ta in ing  a ll o f the  essen tia l am ino ac ids, a long w ith

m ost o f the  nonessentia l am ino acids .59 Tyrosinase is

a  copper-b ind ing  transm em brane g lycopro te in , w h ich

cata lyzes the  hydroxy la tion  o f tyros ine , the  first step

tow ards m elanogene is is ; the  b iochem ica l pa thw ay

for m elan in  b iosynthes is.60 Ty rosinase a lso  ca ta lyzes

the hydroxy la tion  o f tyrosine  to  d ihydroxyphenyla-

lan ine  (D O PA ), as w e ll as the  subsequen t oxida tion

of D O PA to  fu rther b ioac tive  de riva tes , inc lud ing

5,6-d ihydroxyindo le  (D H I).62, 63 D O PA p lays a  s ign ifi-

cant ro le  in  adrena l function  as it is  the  precu rso r o f

dopam ine, noradrena line , and adrena line , as w e ll as

the ra te-lim iting  step  in  ca techo lam ine b iosyn thesis .64

In  add ition  to  its  p resence in  ep iderm al m elanocytes ,

tyros inase is a lso  a  com ponent o f the  eye , as part

o f the  p igm ent ep ithe lia  o f the  re tina , iris , and c ilia ry

body.61

A dditional C om ponents P rovid ing  S upport
fo r A drenal Function

C itrus B ioflavono ids. The adrena ls are  know n to  be

concentra tors o f v itam in  C , w ith  the  leve l o f v itam in  C

in  the  adrena ls typ ica lly  a round 100-fo ld  tha t o f b lood

p lasm a leve ls .65, 66 In  an im al stud ies a  dep le tion  o f

v itam in  C  w as show n to  reduce the  v itam in  C  con tent

o f the  adrena ls to  1 /20 th o f the  norm al concentra tion ,

w h ich  w as corre la ted w ith  a  low er sec re tion  o f a lder-

sterone, com pared to  those an im als w ith  no  v itam in  C

dep le tion . Add itiona lly, in  an im als exh ib iting  v itam in  C

dep le tion , an  im pa ired  p lasm a a ldos terone response

to  sod ium dep le tion  has been dem onstra ted.67 A s

such antioxidants such as b ioflavono ids m ay provide

support to  stressed adrena ls.

N -acety l-L -cys te ine (N A C ). N A C  is a  potent an tioxi-

dant tha t functions in  in trace llu la r g lu ta th ione syn the-

sis,68 in  w h ich  it se rves as a  scavenger o f reactive  oxy-

gen in term edia tes . A s an antioxidant N A C  functions to

inh ib it g lu ta th ione-induced cytochrom e c re lease, to

reduce e levated leve ls o f in trace llu la r hyd rogen per-

oxide  (H 2O 2 ), and to  prevent the  loss o f m itochondria l

m em brane potentia l. These ac tions are  particu la rly

im portan t during  increased oxida tive  stress , as under

these cond itions various in trace llu la r com ponen ts,

includ ing  po lyunsatura ted fa tty acids , lip ids, p ro te ins ,

as w e ll as D N A m ay su ffe r extensive  dam age.69 N A C

has a lso  been dem onstra ted to  be  a  potent b locker o f

the  induc tion  o f TN F-a lpha , IL -1  beta , IFN -gam m a and

iN O S ,70 im p lica ting  an add itiona l beneficia l action  v ia

its ab ility  to  quench these pro inflam m atory activa tors.

C holine (as cho line b itartrate ). C ho line  is  recogn ized

as an essentia l nu trien t in  hum ans, p rim arily  due to  its

ro le  as the  precursor o f phospho lip ids, as w e ll as to  the

neuro transm itte r acety lcho line .72, 73 A cety lcho line  func-

tions as a  crucia l com ponent fo r the  struc tura l in tegrity

o f the  ce ll m em brane. The phosphory la tion  o f cho line ,

v ia  the  K ennedy pa thw ay, y ie lds phosphatidylcho line ,

the  m ajor fo rm o f ce llu la r cho line .74 O ver 1 ,000 genes

associa ted w ith  neura l p recu rso r ce lls , inc lud ing

those invo lved in  ce ll p ro life ra tion , d iffe rentia tion  and

apoptos is requ ire  cho line  fo r activ ity, thus cho line  is  an

essentia l factor in  gene express ion .75 In  add ition  to

o ther functions , cho line  partic ipa tes in  lip id  and cho -

lestero l m etabo lism , cho linerg ic neuro transm ission ,

and transm em brane s igna ling .76

S uperoxide D ism utase and  C ata lase (vegetab le
cu ltu re  sources). S uperoxide  d ism utase and C ata-

lase both  function  as potent an tioxidan ts, show n in

hum an s tud ies to  decrease both  oxida tive  dam age, as

w ell as o ther types o f dam age to  D N A .77 S ince ad rena l

dys function  m ay potentia lly  resu lt in  an  increased pro-

duction  o f reactive  oxygen species , an tioxidants m ay

be an im portan t ad junc t fo r adrena l support.

G landu lar S upport

A drenal G land  C oncentrate  (porcine), Lam b
P itu itary /H ypothalam us C om plex (ovine), P aro tid
Tissue (bovine). G landu lar com ponen ts serve  to  pro-

v ide  raw m ateria ls w h ich  a ide  in  the  functiona l sup-

port o f the  respective  organ. G landu lar com ponents

a lso  conta in  v ita l chem ica l m essenge rs, w h ich  are

potentia lly  lack ing  in  those w ith  adrena l dys function .

They function  in  supporting  the  adrena ls by re lieving

the burden o f unde rfunction ing  adrena l g lands, w h ich

m ay be particu la rly im portan t in  the  in itia l phases o f

adrena l repa ir. They have a lso  been dem onstra ted to

speed recovery o f the  organ, and spec ifica lly  w ith  the

adrena ls m ay lead to  increased energy.78

In  add ition  to  a  good d ie t, na tura l adrena l support

u tiliz ing  v itam ins, m inera ls , bo tan ica ls and g landu lar

com ponen ts serves to  a id  in  p rom oting  the  res tora tion

of hea lthy adrena l func tion .
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