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M
elatonin is often perceived as the horm

one of sleep, yet its m
echanism

s 
and functions have m

uch broader im
plications. Through a series of 

biological dynam
ics, m

elatonin is know
n to help the body m

aintain 
circadian rhythm

s, but research has also linked it to bone health and relief 
from

 m
enopausal sym

ptom
s. Professor Paula W

itt-Enderby, w
orking 

at D
uquesne U

niversity in Pittsburgh, has been investigating the w
ays 

in w
hich m

elatonin com
m

unicates its m
essages through cells, w

hile also 
assessing its possible effects on hum

an health, both w
hen taken alone or 

com
bined w

ith other com
pounds.

Beyond sleep: exploring 
the ways in which m

elatonin 
com

m
unicates with cells 

M
ELATO

N
IN

 A
N

D
 CIRCA

D
IA

N
 RH

YTH
M

S
C

ircadian rhythm
s are defined as a series of 

physical, m
ental, and behavioural changes 

that occur throughout a daily 24-hour 
cycle. They are found in m

ost living beings, 
including plants, anim

als, and even m
icrobes. 

M
elatonin plays a huge part in regulating 

circadian rhythm
s, opening the ‘sleep gate’ 

Pharm
acology

M
elatonin, a horm

one secreted 
by the pineal gland, a sm

all 
m

ass of tissue w
ithin the brain, 

is know
n to help the hum

an 
body to control sleep and 

w
ake cycles. Individuals w

ho have trouble 
sleeping due to jet lag or insom

nia can 
choose to take m

elatonin supplem
ents, w

hich 
encourage that feeling of drow

siness that 
generally takes over in the evenings, w

hen 
the body is naturally preparing for sleep. Yet 
this horm

one has been found to have other 
interesting effects, w

hich m
ay not yet be as 

w
ell-know

n but are nonetheless of crucial 
im

portance for the healthy functioning of the 
body. 

that generally precedes a good night’s rest. In 
hum

ans and m
ost diurnal anim

als, m
elatonin 

is secreted at night, from
 tw

o hours before 
one’s reg

ular sleep
ing tim

e. The m
ain role 

of m
elatonin is that of m

ed
iating sig

nals of 
d

arkness and conveying this inform
ation to 

the b
od

y so that it can ad
ap

t its b
iolog

ical 
clock accord

ing
ly; m

aking it m
ore of a 

'horm
one of d

arkness' than a 'horm
one of 

sleep'. This b
iolog

ical function is the m
ost 

com
m

only associated w
ith m

elatonin, 
b

ut stud
ies have found that it is far from

 
the only one.
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Prof Paula W

itt-Enderby has carried out 
extensive research into the role of m

elatonin 
for the healthy functioning of the hum

an body. 
She says: “M

y w
ork over the last 22 years 

has focused on the m
olecular m

echanism
s 

In m
y research w

ith m
elatonin, lifestyle 

and diet play an im
portant role since 

sleep and stress strongly m
odify 

m
elatonin levels in the body
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(or proteins that w
ork in tandem

) to take the 
m

elatonin signal from
 the outside of the cell 

to the inside of the cell to produce a desired 
cellular effect.”

H
er findings include discovery of a num

ber of 
key signalling proteins that convey m

elatonin 
signals w

ithin the body, including M
T2 

m
elatonin receptors, w

hich reside on the 
outside of a cell and receive the m

elatonin 
m

olecule, as w
ell as M

EK1/2 and M
EK5, 

proteins that regulate cell differentiation and 
proliferation. W

hen these proteins are blocked 
using inhibitors, the effects of m

elatonin on 
bone m

arrow
-derived cells, w

hich Prof W
itt-

Enderby’s research previously found evidence 
for, also appear to be blocked. 

TH
E EFFECTS O

F M
ELATO

N
IN

 O
N

 CELLS
Prof W

itt-Enderby observed that treating cells 
w

ith m
elatonin tended to change their shape 

and she hence decided to investigate w
hether 

it could also affect their function. N
otably, 

Prof W
itt-Enderby’s studies show

 that proteins 
such as M

EK1/2 and M
EK5 coordinate the 

transform
ation of m

esenchym
al stem

 cells 
(a type of cell that can differentiate into a 
variety of other cell types) into osteoblasts, 
cells that secrete the substance of bone. A

 
greater num

ber of osteoblasts in the body 
leads to m

ore high-quality bone being 
form

ed, so finding w
ays to prom

pt their 
proliferation could help prevent and treat 
bone-related diseases. 

Prof W
itt-Enderby’s research also show

s that 
m

elatonin plays an im
portant role in bone 

form
ation and restructuring. The horm

one 
could therefore potentially be used to 
reverse bone loss caused by osteopenia 
and osteoporosis, conditions that result in 
a reduction of protein and m

ineral content 
of bone tissue. M

elatonin w
as also found to 

affect other types of cells, for instance turning 
m

am
m

ary glands into m
ature structures 

that resem
ble broccoli, m

aking them
 m

ore 
resistant to breast cancer. 

CO
M

BIN
IN

G
 M

ELATO
N

IN
 W

ITH
 O

TH
ER 

CH
EM

ICA
L CO

M
PO

U
N

D
S 

A
 translational research scientist, Prof W

itt-
Enderby alw

ays tries to find w
ays in w

hich 

RESEA
RCH

 O
BJECTIVES

Professor Paula W
itt-Enderby’s research is 

focused on m
elatonin receptor signaling 

and cellular differentiation. Taking a 
translational approach, she has conducted 
the first tw

o clinical trials in the w
orld 

assessing the efficacy of m
elatonin alone 

or in com
bination w

ith m
icronutrients to 

im
prove bone health and quality of life in 

peri- or post-m
enopausal w

om
en.  
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niversity).
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Prof Paula W
itt-Enderby began 

her career as an A
ssistant 

Professor of Pharm
acology in 

the School of Pharm
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of Pharm

acology in 12 years. She 
w
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arie-C
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W
hen and how

 did you first start 
researching m

elatonin and its functions 
w

ithin the hum
an body? 

In 1995, I w
as a postdoctoral fellow

 at 
N

orthw
estern U

niversity M
edical School 

on a N
ational Research Service A

w
ard 

(N
RSA

) w
orking on m

uscarinic receptor 
desensitisation by phosphorylation. 
B

eing early in m
y career, I w

as afforded 
the opportunity to transfer m

y N
RSA

 and 
focus m

y attention on the new
ly cloned 

M
T1 and M

T2 m
elatonin receptors and 

assess how
 these receptors responded to 

a physiologically relevant m
elatonin signal. 

These discoveries have led m
e dow

n the 
path of m

elatonin/m
elatonin receptor-

m
ediated cellular differentiation and the 

im
pact on m

am
m

ary gland differentiation 
and breast cancer and osteoblast 
differentiation and bone disease.

D
uring your extensive research career, 

w
hat do you feel are your m

ost striking 
findings and w

hy? 
For a long tim

e, the proteins relaying 
m

elatonin’s signalling w
ithin cells w

ere 
not clear and m

y w
ork on M

T1 and M
T2 

m
elatonin receptor signalling especially 

through the m
itogen activated protein 

kinases, M
EK1/2 and M

EK
5, has greatly 

advanced our understanding. M
y research 

on osteoblast differentiation follow
ing 

m
elatonin exposure dem

onstrated a critical 
im

portance of M
T2 m

elatonin receptors 
in m

ediating these effects. This w
ork has 

also led to three clinical trials – tw
o using 

m
elatonin alone and one using m

elatonin 
in com

bination w
ith m

icronutrients – 
w

hich dem
onstrated bone-protective 

actions in perim
enopausal w

om
en and 

postm
enopausal w

om
en w

ith osteopenia.

Could you provide a few
 exam

ples in 
w

hich lifestyle or diet im
pact on the 

levels of m
elatonin in the hum

an body? 
The pineal production of m

elatonin is 
inhibited by light and so use of night 

lights, electronic devices, alarm
 clocks, 

television and street lighting right before 
bed and during sleep could delay the 
tim

ing of the nocturnal surge of m
elatonin 

and the m
agnitude of the rise. Shift w

ork 
and disrupted sleep could m

isalign the 
m

elatonin rhythm
 w

ith the light/dark cycle; 
this could adversely affect organ function 
(e.g., liver and bone) since m

any have their 
ow

n intrinsic clocks and are synchronised 
by m

elatonin. The production of m
elatonin 

in the G
I tract can im

prove the m
icrobiom

e 
and can protect the gut against oxidative 
dam

age and so nutrient- and m
elatonin-

rich foods m
ay provide protection.

A
fter studying m

elatonin for m
any 

years, w
hat w

ould you say m
akes it so 

im
portant for the health of living beings?

M
elatonin is a versatile m

olecule. 
D

epending on its concentration, 
m

elatonin’s actions can sw
itch from

 
receptor-m

ediated to receptor 
independent; low

er levels of m
elatonin 

(picom
olar to m

icrom
olar range) can 

w
ork through m

elatonin receptors 
located on the plasm

a m
em

brane or 
m

itochondria w
hile higher levels of 

m
elatonin (m

icrom
olar to m

illim
olar 

range) m
ove its actions m

ore tow
ards 

inducing antioxidant enzym
es and 

free radical scavenging. These unique 
characteristics of m

elatonin m
ake it safe to 

consum
e and highly efficacious.

W
hat are your plans for future research 

and investigation? 
M

y future w
ork w

ill becom
e m

ore 
integrative, assessing the interplay 
betw

een diet and lifestyle on m
elatonin 

levels and on the efficacy of m
elatonin to 

m
aintain or im

prove bone health in healthy 
and susceptible populations – both m

ales 
and fem

ales. I also am
 trying to m

ove m
y 

three patents to clinical use to prevent and
/

or treat breast cancer and to prevent and
/

or treat bone disease.

Pharm
acology

H
er w

ork has highlighted the benefits 
that m

elatonin could have for a num
ber 

of conditions, ranging from
 bone-related 

diseases to m
enopausal sym

ptom
s

Future w
ork w

ill becom
e m

ore integrative, 
assessing the interplay betw

een diet 
and lifestyle on m

elatonin levels

scientific findings can be applied to m
edical 

practice. Through several clinical trials, her 
team

 assessed the efficacy of m
elatonin, 

either alone or in com
bination w

ith other 
m

icronutrients to prevent or reduce bone loss. 
In a recent study, she assessed the efficacy of 
m

elatonin in com
bination w

ith m
icronutrients 

(strontium
 citrate, vitam

ins D
3 and K

2) 
on bone health, m

ood, and m
enopausal 

sym
ptom

s. H
er results suggest that M

SD
K

 
therapy, w

hich involves taking a plant-
derived vitam

in K
2, could help to prevent 

and treat osteopenia, osteoporosis, and 
other bone-related diseases. She also show

s 
that m

elatonin m
ight provide relief from

 
m

enopausal sym
ptom

s, such as irritability, 
sleep disturbances, anxiety, and depression. 

Prof W
itt-Enderby believes that lifestyle plays 

a fundam
ental role in the healthy functioning 

of the body, aiding or im
pairing the effects of 

m
elatonin on circadian rhythm

s. She says: “In 
m

y research w
ith m

elatonin, lifestyle and diet 
play an im

portant role since sleep and stress 
strongly m

odify m
elatonin levels in the body 

and research is show
ing how

 this im
pacts 

hum
an health; in other areas of research 

circadian disruption through shift w
ork, light 

exposure at night, m
enopause, stress and 

aging has been dem
onstrated to increase 

one's risk of hip and w
rist fracture, breast 

cancer and m
etabolic disorders.” 
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Prof W

itt-Enderby’s research provides 
extensive evidence that m

elatonin 
does m

ore than help m
aintain circadian 

rhythm
s. She says: “I am

 now
 at a point 

in m
y career w

here everything is com
ing 

together because w
e are now

 show
ing 

that m
elatonin causes m

esenchym
al stem

 
cell differentiation into osteoblasts by 
preventing the cells from

 m
oving dow

n 
an adipogenic lineage and tow

ards 
an osteoblastic lineage.” H

er w
ork has 

highlighted the benefits that m
elatonin 

could have for a num
ber of conditions, 

ranging from
 bone-related diseases to 

m
etabolic syndrom

e. “There is further data 
out there to show

n that m
elatonin decreases 

total fat m
ass and increases lean body m

ass 
and increases bone density,” she adds. 
“W

e have to look at the w
hole picture w

hen 
trying to figure out how

 m
elatonin w

orks in 
the body” she adds.

Future studies and clinical trials could help to 
broaden the scientific understanding of the 
benefits of m

elatonin further, as w
ell as the 

specific dynam
ics behind its effects on the 

hum
an body. 

A
bove: m

elatonin-rich foods. Lifestyle and diet play an 
im

portant role in m
elatonin levels. 
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