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❑
Derivatives

ofcinnam
on

are
structurally

sim
ilarto

coum
arin

and
m

elatonin
❑

Derivatives
ofcinnam

on
can

bind
to

m
elatonin

receptors
and

inhibit
cancer

sim
ilar

to
m

elatonin;
how

ever,the
m

echanism
is

unclear.
❑

Cinnam
on

derivatives
m

ay
be

w
orking

through
both

coum
arin-

and
m

elatonin-dependent
m

echanism
s

that
include

anti-oxidant
pathw

ays
and

m
elatonin

receptor-dependent
pathw

ays
to

protectthe
body

againstdisease.
❑

As
show

n
in

the
figure

above,m
elatonin

displays
a

circadian
rhythm

coincident
w

ith
the

light/dark
cycle

w
here

levelspeak
during

the
hoursofdarkness.

❑
Insulin

resistance
also

follow
s

a
circadian

rhythm
coincident

w
ith

the
m

elatonin
rhythm

w
here

insulin
resistance

occursduring
the

nightw
hen

m
elatonin

levelsare
highest.

❑
M

elatonin
achieves

m
axim

al
therapeutic

efficacy
w

hen
dosed

in
sync

w
ith

the
endogenous

m
elatonin

rhythm
w

ith
respectto

cancer-and
bone-protection.

❑
Cinnam

on
being

structurally
sim

ilar
to

m
elatonin

m
ay

achieve
greater

therapeutic
efficacy

w
hen

dosed
according

to
the

endogenousm
elatonin

rhythm
.

❖
Based

on
these

data,giving
cinnam

on
closer

to
one’s

bedtim
e

m
ay

provide
greater

benefit
to

the
body

to
protectagainstcancer,diabetesand

adrenalfatigue.
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Figure 1:Com

petition of m
elatonin or 1-11

for 2-[ 125I]-iodom
elatonin

binding to hum
an M

T1Rs expressed in CH
O

 cells (1A-1L). Each point 
represents the m

ean ±
SEM

 of 2-[ 125I]-iodom
elatonin

binding 
norm

alized against vehicle (total) binding from
 3 independent 

experim
ents.
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D
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reast C
ancer C

ell Proliferation

C
innam

eric
D

erivatives, Like M
elatonin, Inhibit B

reast C
ancer C

ell M
igration

Data
representthe

m
ean
±

SEM
of3

independentexperim
ents.

Data
w

ere
analyzed

by
one-w

ay
AN

O
VA

follow
ed

by
N

ew
m

an-Keuls
post-hoc

t-test
w

here
significance

w
asdefined

as
p<0.05.*

denote
significance

vs.vehicle.N
.C.=

notconverged.

Table 1:N
atural product com

posite binding affinity to m
elatonin receptors and potency and efficacy to inhibit breast cancer cell 

proliferation.

Bhavprakash N
ighantu (v66-67) describes Cinnam

on Zeylanica: 

                        
 

w
hich translates to: “Tvak, Svadvi, Tanutvak and D

arusita all are its Sanskrit nam
e. It is bitter in taste, 

m
anages Vata and Pitta. It is arom

atic. Prom
otes Shukardhatu in the body and com

plexion. It m
anages 

D
ryness of m

outh and thirst.”  Cinnam
on com

es in m
any form

s but tw
o of them

, native to South Asia 
and Sri Lanka, are know

n as Ceylon and Cassia cinnam
on. Cinnam

aldehydes isolated from
 tw

ak bark are 
responsible for the arom

a of cinnam
on and is the form

 com
m

only used in essential oils. Cinnam
on’s rasa 

is m
adhura, katu and tikta; its vipaka is katu and its virya is ushna and so it is used in Ayurveda to pacify 

vata and kapha but can be used in m
oderate am

ounts in pitta-dom
inant conditions. According to 

Aryabhishak, if prepared as an essential oil through boiling, this oil extract can be used to treat vom
iting, 

nausea and diarrhea in pitta conditions. The essence of Ayurveda classics like Charak Sam
hita, M

adhava 
N

idanam
, Bhav Prakash and Sharngadhara Sam

hita are w
ell docum

ented in the new
 classic book 

"Aryabhishak”, w
hich describes a variety of uses for cinnam

on including:  basti, diseases of the m
outh, 

throat and for cough possibly through its antibacterial and antifungal properties. Tw
ak strengthens the 

heart and kidneys; thins the blood; helps treat respiratory, sinus congestion and bronchitis.  It im
proves 

digestion, absorption and elim
ination; rem

oves toxins and im
proves circulation. Tw

ak increases the 
bioavailability of food, and increases rasa of all seven dhatus. Its anti-inflam

m
atory properties m

ay 
underlie its beneficial effects on arthritic joint pain. In Ayurvedic practice today, cinnam

on is com
m

only 
used to reduce am

a, treat high cholesterol, adrenal disorders, balance blood sugar levels and possibly 
balance horm

onal levels. Tw
ak m

ay im
prove neurological conditions including Parkinson’s and 

Alzheim
er’s disease and m

ay im
prove m

em
ory through m

odulation of brain-derived neurotrophic factor 
(BD

N
F) to increase neurogenesis.  Cassia cinnam

on is com
m

only found in grocery stores and is gaining 
popularity for its high nutrient levels that include coum

arin. Coum
arin displays anti-oxidant properties 

w
hich m

ay underlie its reported anti-cancer and neuroprotective properties.  Recent evidence suggests 
that derivatives derived from

 Cassia cinnam
on can be neuroprotective and breast cancer-protective and 

bind to m
elatonin receptors.   

 H
ypothesis:  Cinnam

on, particularly ferulic acid and coum
arin derivatives, inhibit H

ER2+, ER+ and triple 
negative breast cancers by binding to and activating m

elatonin receptors. 
 M

ethods:  Cinnam
on-based derivatives w

ere assessed for binding affinity to m
elatonin receptors using 

the radioligand, 2-[ 125I]-iodom
elatonin.  In vitro cell culture assays w

ere used to assess their efficacy to 
inhibit H

ER2+, ER+ and triple negative breast cancer cell viability and m
igration using M

TT viability and 
“scratch” or w

ound assays, respectively. 
   Conclusions: O

xyprenylated phenylpropanoids and their actions at m
elatonin receptors explain, in part, 

the health benefits of Cassia cinnam
on to protect against neurodegenerative diseases and breast cancer 

and support the ancient w
isdom

 of the Rishis about the health benefits of cinnam
on as eloquently 

stated in the follow
ing sloka: 

 

त्वच्यं लघु  उष्णं
 क
टुकं

 स्वाद ुतिक
त््च

 रुक्ष
कं

 I        

पित्तल
ं क
फ
वािघ्नं क

ण्डु वामि
 अ
रुचच

 नाशनि
 ्I  

IN
TR

O
D

U
C

TIO
N

C
ellC

ulture:
B
reastcancercells,M

M
C
(H
ER
2+),M

C
F-7

(E
R
+/P

R
+),M

D
B
-M
B
-231

(E
R
-/P
R
-/H
E
R
2-ortriple

negative)and
the

BT549
(triple

negative),obtained
from

Am
erican

Type
C
ulture

C
ollection,w

ere
cultured

in
D
M
E
M
:F12

m
edium

supplem
ented

w
ith
10%

fetal
bovine

serum
and

1%
penicillin/strepm

ycin
antibiotic

com
bination

and
m
aintained

in
a
hum

idified
37ºC

incubatorw
ith
5%

C
O
2 /95%

air.

C
om

petition
B

inding
forM

elatonin
R

eceptors:
❖
B
inding

affinities
of
m
elatonin

and
the

cinnam
eric

derivatives
for

M
T1

m
elatonin

receptors
w
ere

m
easured

by
com

petition
binding

analysis
using

2-[ 125I]-iodom
elatonin

on
w
hole

celllysates
prepared

from
hum

an
M
T1
C
H
O
cells.

❖
C
elllysates

w
ere

prepared
by
firstw

ashing
cells

w
ith
5
m
lofP

B
S,lifting

them
into

buffer(10m
M
KP
O
4 ,1m

M
E
D
TA,pH

7.4),pelleted
by
centrifugation

(1500
rpm

for5
m
in)and

then
re-suspended

in
Tris-H

C
lbuffer(50

m
M
,pH

7.4)to
rupture

the
cells.

❖
N
ext,cells

w
ere

added
to
tubes

containing
100pM

of2-[ 125I]-iodom
elatonin

and
m
elatonin

orcinnam
eric

derivatives
(1pM

-100mM
)and

incubated
for1h

atroom
tem

perature
and

then
term

inated
by
the

addition
ofice-cold

Tris-H
C
lsolution

(50
m
M
)and

rapid
filtration

over
glass-fiber

filters
(0.22ìm

;
Schleicher

&
S
chuell,

K
eene,

N
H
)
presoaked

in
0.5%

polyethylenim
ine

solution
(v/v)

(S
igm

a).
E
ach

filter
w
as
w
ashed

tw
ice

w
ith
5
m
lofcold

buffer.R
adioactivity

of2-[ 125I]-iodom
elatonin

w
as
m
easured

in
a
gam

m
a
counter.

Viability
and

C
ellM

igration
Analyses:

❖
w
ere

plated
in
a
48-w

ellplate
(forM

TT
assay)ora

24-w
ellplate

(forscratch
assay)24

hours
priorto

starting
the

treatm
ents.

❖
For

the
M
TT

(proliferation)
assays,each

w
ellw

as
exposed

to
either

vehicle
(0.01%

ethanol),m
elatonin

or
the

cinnam
on
derivatives

(1pM
,1nM

,1μM
,10μM

,100μM
)for24

hours
and

then
assayed

using
absorbance

spectrophotom
etry

(@
570nm

).
❖
For

the
w
ound/scratch

(m
igration)

assays,a
sm
allscratch

w
as
created

in
each

cellculture
w
ellby

dragging
a
pipette

tip
across

the
bottom

ofthe
w
ellto

rem
ove

a
portion

ofcells
(see

im
age

above).The
w
idths

ofthese
channels

w
ere

m
easured

attim
e
0h.

N
ext,cells

w
ere

exposed
to
vehicle

(0.01%
ethanol),100mM

m
elatonin

or100mM
cinnam

eric
derivative

7
(N
P
-7)or8

(N
P
-8)for24h

after
w
hich

the
border

w
idths

w
ere

rem
easured.The

border
w
idth

attim
e
24h

w
as
subtracted

from
the

border
w
idth

attim
e
0h
to
calculate

the
m
igratory

properties
of
the

breast
cancer

cells
in
response

to
the

various
treatm

ents.
C
alculation

=
(border

w
idth

24h
m
inus

border
w
idth

0h X
100).A

m
ore

negative
num

berindicates
“greaterinvasiveness”orm

ore
cellm

igration
w
hile

a
m
ore

positive
num

berindicates
“less

invasiveness”orless
cellm

igration.
❖
For

the
M
TT

assays,
data

w
ere

fit
by
non-linear

regression
analysis

to
calculate

potency
(IC

50 )
and

efficacy
(m
axim

um
inhibition)

values
using

G
raphP

ad
P
rism

(version
6)
softw

are.
For

the
m
igration

assays,data
w
ere

analyzed
by
one-w

ay
A
N
O
VA

follow
ed
by

N
ew
m
an-K

euls
post-hoc

t-testw
here

significance
w
as
defined

as
p<0.05

using
G
raphP

ad
P
rism

(version
6).

Figure 2:Cell proliferation in response to m
elatonin or com

pounds 1-
11. M

TT assays w
ere perform

ed on (A) M
CF-7 (ER+/PR+), (B) M

M
C 

(H
ER2+), (C) M

DA-M
B-231 (ER-/PR-/H

ER2-), or (D) BT-549 (ER-/PR-
/H

ER2-) breast cancer cells. Each point represents the m
ean ±

SEM
 

of 3 independent experim
ents.

Figure 3:Breast cancer cell m
igration in response to vehicle or 100 

μM
7 or 8

on (A) M
CF-7 (ER+/PR+), (B) M

M
C (H

ER2+) (C) M
DA-M

B-
231 (ER-/PR-/H

ER2-), or (D) BT-549 (ER-/PR-/H
ER2-) breast cancer 

cells. Each bar represents the m
ean ±

SEM
 of the border w

idth 
change that occurred over a 24h period norm

alized against baseline 
(0h).  Change in border w

idth after 24 h exposure to com
pound 7:  

M
CF=3%

±
3, M

M
C=5%

±
2, M

DA-M
B-231=-36%

±
14, BT-549=7%

±
3 

and com
pound 8: M

CF=9%
±

4, M
M

C=7%
±

3, M
DA-M

B-231= -
52%
±

15, BT-549=23%
±

7. Data w
ere analyzed by one-w

ay AN
O

VA 
follow

ed by N
ew

m
an-Keuls

post-hoc t-test w
here significance w

as 
defined as p<0.05. “a” denotes p<0.05 vs. vehicle; “b” denotes p<0.05 
vs M

el. 
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P
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1
Ferulic Acid

R
1= CO

O
H, R

2 = H
3.419µM

0.6M
23.5M

0.5µM
1.2µM

96±8
100±1

92*±2
99±5

2
Boropinic Acid

R
1= CO

O
H, R

2 = 3,3-dim
ethylallyl

1.376nM
0.7µM

6.1µM
0.8pM

15µM
102±5

98±3
89*±3

97±0.7

3
4'-Gernayloxyferulic acid

R
1= CO

O
H, R

2 = geranyl
59.54µM

N
.C.

2.5µM
21.8µM

5.6µM
102±11

99±7
79*±5

93±1

4
Boropinal

R
1= CHO

, R
2 = 3,3-dim

ethylallyl
785.8nM

N
.C.

0.22µM
63.1µM

45nM
94±4

96±4
79*±1

83*±2

5
U

m
belliferone

R = H
16.1pM

2.9µM
10.3M

3.7µM
1m

M
124±31

93±4
88*±1

91±4

6
7-iso-pentenyloxycoum

arin
R

= 3,3-dim
ethylallyl

5.176µM
13.7M

N
.C.

N
.C.

36.8µM
105±2

98±0.05
83*±4

94±1

7
Auraptene

R
= geranyl

1.894µM
N

.C.
56.9m

M
80.2µM

24.3µM
90±3

57*±5
67*±3

86*±2

8
U

m
bellinprenin

R = farnesyl
KiLow

 = 3.3nM
KiHigh = 1.6nM

30M
88.2m

M
30.2µM

1.1pM
81±3

61*±7
60*±3

85*±1

9
7-(pent-2'-ynil)

coum
arin

R = CH
2 -C{C-CH

2 CH
3

888.3nM
50µM

24.1µM
N

.C.
74.3µM

89±7
101±3

87±3
86*±1

10
7-Benzyloxycoum

arin
R = CH

2 Ph
445nM

7.1µM
0.4µM

0.4nM
5.4µM

89±4
91±2

82±2
88*±0.4

11
7-Styryloxycoum

arin
R = CH=CH-Ph

369.9nM
2.2µM

N
.C.

6.6µM
0.14m

M
87±5

93±4
82±3

86*±1

M
elatonin

303.7pM
18.2m

M
0.2µM

0.9µM
30.4m

M
87±4

91±8
92*±2

91±1

R
1

O
C
H
3

R
2
O

O
O

R
O

Ayurveda

➢
Bhavprakash

N
ighantu (59, 66, 67) states: “The quality (G

U
N

A) of cinnam
on is light and dry, potency is hot, and taste is pungent and bitter. It slightly increases Pitta, and 

balances Vata
and Kapha. It relieves itching and distastefulness. Cinnam

on Zeylanica
is: Tvak, Svadvi, Tanutvak, D

arusita
as its Sanskrit nam

e.  It is bitter in taste, m
anages Vata

and Pitta.  It is arom
atic.  Prom

otes shukradhatu
in the body and com

plexion.  M
anages dryness of the m

outh and thirst.”
➢

“Cinnam
on is an effective herb for strengthening and harm

onizing the flow
 of circulation (vyana

vayu). It is a good diaphoretic and expectorant in colds and flu and is especially 
good for those of w

eak constitution. And a pain reliever for a toothache and m
uscle tension. It strengthens the heart, w

arm
s the

kidneys and prom
otes Agni (digestion).” 

(Fraw
ley and Lad, The Yoga of H

erbs)
➢

Cinnam
on is of 2 types:  Cinnam

on zeylanicum
(“Sri Lanka cinnam

on” or “true cinnam
on”) and Cinnam

on cassia
(“Cinnam

on arom
aticum

”
or “Chinese cinnam

on”). 6

➢
Cinnam

on cassia contains coum
arin (2H

-1-benzopyran-2-one) w
here 1kg cinnam

on cassia
contains 2.1-4.4 g coum

arin w
hich is equivalent to 1 tsp = 5.8-12.1m

g coum
arin.  

This am
ount of coum

arin is greater than the Tolerable D
aily Intake (TD

I) of 0.1m
g/kg body w

eight/day (G
erm

an Federal Institute for Risk Assessm
ent). 6

➢
Cinnam

on zeylanicum
possesses anti-inflam

m
atory and anti-m

icrobial properties and is protective against cardiovascular disease and cancer and enhances cognitive function. 6

➢
Cinnam

onum
zeylanicum

(trans-cinnam
aldehyde or cinnam

tannin
B1) dem

onstrates cardioprotection
(↓

 LD
L, ↓

triglycerides, ↓
H

bA1c, ↓
lipid peroxidation, ↑

H
D

L) 6through 
its effects on glucose regulation (↓

postprandial glucose absorption; ↓
 fasting blood glucose, ↑

insulin levels and ↑
insulin sensitivity in skeletal m

uscle and adipose tissue via 
PPARg, PPARd

and G
LU

T4) and lipid m
etabolism

 via activation of PPARd, PPARg, and retinoid X receptor (RXR) to enhance insulin sensitivity and fatty acid b-oxidation and 
energy coupling in skeletal m

uscle and adipose tissue perhaps through PPARg
and PPARd-m

ediated activation of aP2 and CD
36—

genes involved in lipolysis and energy 
m

etabolism
2; m

echanism
 is different than thiazoladinediones. 1-,6W

ater-soluble cinnam
on extracts can act as a dual activator of PPARa

m
RN

A (liver) and PPARg
m

RN
A (adipose 

tissue) 3; also has anti-hyperglycem
ic and anti-hyperlipidem

ia in m
ice. 4

➢
Cinnam

on zeylanicum
possesses anti-cancer activity in m

elanom
a

7, cervical cancer 8and breast cancer. 9 M
echanism

s for anti-cancer actions include:  free radical scavenging
6, 

anti-oxidant 6, by ↓
 proangiogenic factors 7, ↑

CD
8+ T-cells to ↑

cytotoxic activity
7, ↓

M
M

P-2 and H
ER2 expression/activity

8, ↓
 VEG

F/VEG
F rec 2 kinase activity-m

ediated 
angiogenesis 8, and m

elatonin/m
elatonin receptors

9.
➢

Research Q
uestion:  Can cinnam

on derivatives act in a sim
ilar m

anner as m
elatonin and, if so, should cinnam

on use be m
odified

to
that of m

elatonin therapy to enhance its 
therapeutic efficacy to treat diseases associated w

ith m
etabolism

 and cancer?
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B
order w

idth
rem

ains w
ide = 

less invasion              

B
order w

idth narrow
s = m

ore invasion             


