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Abstract : Sucrose ingestion has been shown to alleviate pain and distress
in  ra t s ,  human in fan t s  as  we l l  a s  adu l t s .  Sucrose  induced  ana lges ia  i s
re la ted  to  the  reward  va lue  assoc ia ted  wi th  i t s  swee t  t a s te .  The  swee t
tas te  o f  sucrose  i s  a  s t imulus  fo r  the  ac t iva t ion  o f  endogenous  op io id
poo l .  The  op io ids  in  tu rn  modula te  pa in  pe rcep t ion .  I t  has  been
demons t ra ted  in  a  number  o f  an imal  and  human  s tud ies  tha t  suc rose
ingestion increases the hypothalamic/CSF opioid levels. This gains support
from the results obtained from naloxone challenge test,  a neuro-endocrine
method for assessment of endogenous opioid tone. Moreover, the analgesic
effects of sucrose can be reversed by administration of opioid antagonists
such as  naloxone.  On the  other  hand,  long- term sucrose  ingest ion leads
to  hypera lges ia  in  r a t s  and  i t  has  been  hypo thes ized  to  r e su l t  f rom a
complex interaction of sucrose with the endogenous opioid system leading
to a  deficiency of  opioids.  In the present  ar t ic le  mechanisms underlying
sucrose  induced  ana lges ia  inc lud ing  the  in te rac t ion  o f  the  pa la tab i l i ty
and reward value of food with the neural substrates and its neuro-chemical
basis have been reviewed in the l ight of both animal and human studies.
In  addi t ion,  c l in ical  appl icat ion of  the  knowledge about  sucrose  and i ts
modulatory effect  on the  endogenous opioid system has  been suggested.

Key words  : sucrose  induced  ana lges ia p a l a t a b i l i t y
na loxone  cha l lenge  tes t nociceptive f lexion reflex

exper iences  dur ing ear ly  infancy may lead
to  l a te  adverse  consequences  (1 ,  2 ) .
Moreover, any painful stimulus may pose an
immedia te  r i sk  due  to  hemodynamic
ins tab i l i ty ,  o r  inc reased  in t ra -c ran ia l
pressure  (3 ) .  In  many  cases ,  repea ted
requi rement  o f  these  avers ive  t echniques

*Corresponding Author : Emai l  :  mathurashmi@yahoo.co . in ;  Fax :  +91-11-26588641,  26588663

I N T R O D U C T I O N

Newborn infants  are  frequently exposed
to  a  number  o f  pa infu l  p rocedures  dur ing
the course of  rout ine invest igat ions,  which
form an important  par t  of  modern medical
prac t ice  as  wel l  as  soc ia l  cus tom.  Pa infu l
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create a great  burden of pain for newborns
and contrary to the earlier belief that infants
cannot feel pain, i t  is  now widely accepted
tha t  they  do  fee l  pa in  s ince ,  a l l  pa thways
for perception of pain are fully developed by
24  weeks  of  ges ta t ion .  Hence ,  a  sa fe  ye t
e f fec t ive  and  pre fe rab ly  na tura l  subs tance
would be the “analgesic” of choice in such
cases. Sucrose is one such substance, which
has  been  t r i ed  wi th  p romis ing  resu l t s .
Severa l  repor t s  have  ind ica ted  tha t  the
analges ic  e f fec t  of  sucrose  i s  not  a  myth .
However ,  the  poss ib i l i ty  whether  the
conclusion of sucrose induced analgesia is a
fact  and related to i ts  sweet taste vis-a-vis
i t s  pa la tab i l i ty ,  o r  i t  i s  mere ly  an
observation due to inability of the infant to
cry or  dis t ract ion remains to  be examined.

Palatability is the hedonic component of
food reward and may be regarded as liking.
Berr idge  (1996)  has  d is t inguished be tween
“want ing”  and  “ l ik ing”  re la ted  to  food
reward.  “Want ing” is  appet i te  or  incent ive
mot iva t ion  whereas  l ik ing  i s  synonymous
wi th  p leasure  o r  pa la tab i l i ty  (4 ) .  Fur ther ,
pa la tab i l i ty  i s  assoc ia ted  wi th  a f fec t ive
reac t ions ,  fo r  example  p lac ing  a  swee t
so lu t ion  ins ide  the  mouth  of  an  in fan t  i s
associated with a series of expressions that
a re  d i s t inc t ive ly  d i f fe ren t  f rom those
produced  by  b i t t e r ,  sour  o r  very  sa l ty
tas tes .  Mediat ion of  l ik ing re la ted  to  food
reward  involves  neuro t ransmi t te r  sys tems
such as  opio ids  and  gamma amino butyr ic
acid (GABA)/benzodiazepine (4). The neural
subs t ra tes  invo lved  a re  sugges ted  to  be
vent ra l  pa l l idum and  bra ins tem pr imary
gusta tory  re lays  (4) .

I t  i s  now wel l -known tha t  the
endogenous opioids  s ignif icant ly  contr ibute

in the modulation of pain. In addition, they
af fec t  mood,  motor  cont ro l  and  au tonomic
func t ions  (5 ,  6 ) .  Severa l  op io id  induced
effects are mediated via a family of specific
membrane  bound  recep tors  loca ted  in  the
nervous t issue.  The st imulat ion of  ε -opioid
recep tors  in  the  b ra in  fac i l i t a tes  the
descending  enkephal inerg ic  pa thway which
or ig ina tes  in  the  bra ins tem and te rminates
in the spinal cord, where met-enkephalin is
the  p r inc ipa l  media tor  in  an t i -noc icep t ion
(7). Moreover, pain modulation is a dynamic
process and involves continuous interact ion
between complex ascending and descending
pa thways  (8) .  The  descending  pa thways
converge  a t  the  dorsa l  horn ,  which  i s  the
main  s i t e  fo r  p rocess ing  of  noc icep t ive
informat ion .  The  descending  pa thways  in
turn can mediate both descending inhibition
as  wel l  as  fac i l i ta t ion .  In  the  former  case
“OFF”  ce l l s  a t  the  l eve l  o f  ros t roven t ra l
medul la  a re  invo lved ,  whi le  in  the  l a t t e r
“ON” cells have been implicated. At the level
of  dorsa l  horn ,  the  pa thways  media t ing
descending  inh ib i t ion  and  descending
facilitation exert opposite patterns of action
(9).

In  add i t ion ,  research  s tud ies  over  the
pas t  decade  have  shown an  assoc ia t ion
be tween  the  endogenous  op io ids  and  food
intake.  I t  has been seen that  administration
of opioid agonists increases intake of mainly
pa la tab le  foods  whi le  admin is t ra t ion  of
op io id  an tagonis t s  decreases  in take  of
pa la tab le  food  (10) .  A l ink  be tween  the
hedonic properties of food and the opioids is
provided by the  s tudies ,  which i l lus t ra te  a
change  in  the  ana lges ic  p roper ty  o f
morphine  by  the  consumpt ion  of  pa la tab le
foods (11).  Therefore, palatable food intake
may in some way modulate pain perception
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by activation of endogenous opioid system.
This  sys tem suppor t s  the  con ten t ion  tha t
the preference to a sweet solution involves
brain rewarding system, opiates  and opiate
recep tors  as  revea led  by  the  abo l i t ion  of
pre fe rence  by  na loxone .  There  i s  a  c ross -
l ink  v i s -à -v i s  an  over lap  amongs t  b ra in
reward ,  pa in  modula t ion  and  the  op io id
sys tems .  La te ly ,  a  need  to  min imize  pa in
in  in fan ts  undergo ing  rou t ine  pa infu l
procedures was being felt,  and therefore, on
the basis of the available literature, sucrose
is being used and advocated as an analgesic
in  young  humans .

Sucrose  as  an  ana lges ic  in  in fants

Pain  re l i ev ing  procedures  in  in fan ts :
Empirically, there are a number of practices
u t i l i sed  fo r  re l i ev ing  pa in  in  in fan ts .
Feed ing ,  ca r ry ing ,  p rov id ing  swee ts  and
candy are some of the common interventions
used  by  a lmos t  a l l  the  ca reg ivers /paren ts
for  re l i ev ing  d i s t ress  in  in fan t s /ch i ld ren .
However ,  fo r  in fan ts  in  a  hosp i ta l
undergoing routine investigative procedures,
repea ted  admin is t ra t ion  of  ana lges ics  may
be needed. This may have many side effects
besides causing added pain.  In such infants
in te rven t ion  wi th  a  non-pharmacolog ica l
agent  such as  sucrose  could  be  considered
as  an  a l t e rna t ive  ana lges ic .  The  ana lges ic
ef f icacy  of  sucrose  has  been  s tud ied
extens ive ly  in  human neona tes  inc lud ing
pre-term and very low birth weight infants.
In  a  sys temat ic  rev iew and  meta -ana lys i s ,
which  covered  13  s tud ies  i t  was  repor ted
tha t  admin is t ra t ion  of  sucrose  wi th  o r
wi thout  pac i f ie r s  was  the  mos t  f requent ly
s tud ied  non-pharmacolog ic  in te rven t ion
for  re l i e f  o f  p rocedura l  pa in  in  neona tes
(12).

Choice of parameters :  The parameters most
commonly used to  assess  pa in  response  in
infan ts  fo l lowing  sucrose  inges t ion  a re
crying t ime,  oxygen sa tura t ion,  respi ra tory
ra te  and  au tonomic  e f fec t s  such  as  hear t
rate, in response to a painful procedure (heel
lancing and venepuncture)  (13,  14) ,  whi le ,
o thers  have  a t t empted  to  cor re la te  pa in
intensity especial ly in newborn babies with
noc icep t ive  behaviour  such  as  fac ia l
express ions  namely ,  b row bulge ,  eye
squeeze, nasolabial furrow and open mouth.
A score of 1 is given if any one of these is
present  and zero,  i f  absent  (15).

Efficacy of sucrose as an analgesic : Efficacy
of  sucrose  so lu t ion  as  an  ana lges ic  fo r
in fan ts  was  tes ted  dur ing  two common
standard  pa infu l  procedures  namely ,  b lood
col lect ion via  heel  lance and circumcision.
Infants  who drank 2  ml  of  a  12% sucrose
solut ion prior  to blood collect ion cried for
50% less duration, and only 31% of the time
dur ing  c i rcumcis ion  (14) .  A mul t imodal
approach  to  ach ieve  ana lges ia  dur ing  the
process  has  been  u t i l i zed  and  non-
pharmacolog ica l  in te rven t ions  such  as
sucrose  on paci f ier  and specia l ly  des igned
res t ra in ing  cha i r s  have  been  recommended
(16) .  Ci rcumcis ion  i s  qu i te  a  common
surg ica l  p rocedure  per formed in  the
neonatal  period.  The use of  sucrose during
c i rcumcis ion  a l so  sugges t s  tha t  sucrose
induced  ana lges ia  may  las t  fo r  a  var iab le
per iod  of  t ime ,  which  may ex tend  up  to
about  30  minutes .  Moreover ,  d i f fe ren t
s t rengths  of  sucrose  so lu t ion  such as  12%
or 25% are also equally effective (13). A 24%
sucrose  so lu t ion  was  used  to  re l i eve  pa in
assoc ia ted  wi th  eye  examina t ions  fo r
re t inopa thy  of  p rematur i ty ,  a  s ign i f ican t
difference was found in the premature infant
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pa in  p rof i l e  score  be tween  the  sucrose
and water  group during these examinat ions
(17).

Sucrose  as  an  analges ic  versus  o ther
procedures : Sucrose has been compared with
other  interventions in a  number of  s tudies.
Analges ic  e f fec t  o f  sucrose  was  compared
with simulated rocking in pre-term neonates
undergoing  pa infu l  p rocedures .  The  pa in
response,  measured from facial  expressions
ind ica ted  lesse r  pa in  in  the  sucrose  fed
group as compared to the neonates subjected
to rocking alone (18).

The  e f f icacy  of  per  o ra l  sucrose
adminis t ra t ion  and  human mi lk  has  a l so
been compared on the pain response during
heel prick in the newborns. It was concluded
that  the orosensorial  antinociceptive effects
of human milk are not as effective as those
of a concentrated sucrose solution (19). The
effect of non-sucrose, sweet tasting solutions
and  d i f fe ren t  concent ra t ions  o f  sucrose
solutions prior to heel prick have been also
compared .  In fan ts  were  g iven  e i ther  a
commerc ia l ly  ava i lab le  non-sucrose  sweet -
tas t ing  so lu t ion  or  a  25% or  50% sucrose
solution prior to a heel lance. There was a
s igni f icant  reduct ion  in  c ry ing  t ime in  a l l
the  g roups  sugges t ing  thereby ,  tha t  even
other  swee t  t as t ing  so lu t ions  have  s imi la r
ana lges ic  potency  as  tha t  of  sucrose  (15) .
The  s tudy  h igh l igh ts  the  impor tance  of
sweetness per se  in  al leviat ing pain.

Sucrose versus analgesics : Oral sucrose was
also compared with a pharmacological agent
namely,  l idocaine-pri locaine cream (a local
anaes the t ic ) ,  fo r  pa in  re l i e f  dur ing
venepuncture  in  neonates .  The  dura t ion  of
c ry  was  s ign i f ican t ly  decreased  in  the

sucrose and sucrose plus lidocaine-prilocaine
cream group. It was therefore concluded that
ora l  sucrose  so lu t ion  compares  favorab ly
with  the  local  anaesthet ic  cream as  a  safe
and  cheap  ana lges ic  to  decrease  pa in
responses to venepuncture in newborns (20).

The  poss ib le  b io log ica l  re levance  of  a
system, which can induce calming effects in
young  humans  in  response  to  a  swee t
subs tance  in  the  mouth ,  i s  l ack ing  in  the
literature. The ontogeny of such a system is
not  known. Nonetheless,  the hedonic effect
of  in t ra -ora l  sucrose  undergoes  changes
during development.  Children are known to
prefer  sweetened solut ions  than adul ts  and
s ince ,  the  ana lges ic  e f fec t  o f  sucrose  i s
related to its hedonic qualities, its analgesic
potency might also be diminishing with age
(21). However, several studies have reported
contrary  to  i t .

Sucrose  as  an  ana lges ic  in  ch i ldren  and  adul t s

Miller  et  al  (1994) studied the eff icacy
of per-oral sucrose as an analgesic during a
cold  pressor  tes t  (CPT,  water  a t  10°C)  in
pre-pubertal school children (21). They noted
pain threshold (which is the t ime when the
arm begins  to  hur t )  and  pa in  to le rance
(which is  the  t ime they remove their  arms
from cold water because they can no longer
tolerate i t) .  In addit ion the visual analogue
scale was used for intensity rating. Holding
sucrose in the mouth was associated with a
s ign i f ican t  p ro longa t ion  (35%)  in  the
threshold  t ime;  however  there  was  no
detectable effect  on tolerance and intensi ty
rat ings  using visual  analogue scale  (VAS).
This was the first study to indicate analgesic
proper t i es  o f  in t ra -ora l  sucrose  in  p re -
puber ta l  chi ldren (21) .
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The effect of ingesting sweet substances
such as carbonated soft drinks with glucose
or  f ruc tose  (22% w/v)  on  response  to
experimental  pain in  adul ts  was s tudied in
both  male  and  female  vo lun teers .  Female
volunteers  showed increased pain tolerance
while no such difference was appreciated in
men.  Based  on  these  observa t ions ,  on ly
women were given palatable (chocolate Chip
Cookies ) ,  unpa la tab le  (b lack  o l ives )  o r
neutral  (rice cakes) food to study analgesic
effect .  Volunteers  receiving pala table  food
showed significant tolerance to experimental
pressure pain. It  was proposed that hedonic
/ reward  va lue  of  the  inges ted  subs tance
may play a cr i t ical  role in pain perception
in females (22).  From this  s tudy,  however,
i t  i s  d i f f icu l t  to  comment  conclus ive ly  on
sweet food related analgesia.  This is owing
to  the  fac t  tha t  the  exac t  compos i t ion  of
carbona ted  sof t  d r inks  i s  unknown.  Also
pa la tab i l i ty  o r  unpa la tab i l i ty  in  t e rms  of
chocola te  ch ips  o r  b lack  o l ives  cannot  be
exac t ly  quant i f i ed .  A measured  amount  o f
sucrose solution as used by other authors is
more appropriate  in  this  regard.  Therefore,
fur ther  s tudies  are  needed to  be conducted
in  adul t  humans  to  conc lus ive ly  comment
upon  the  e f fec t s  o f  inges t ion  of  swee t /
pala table  substance on nocicept ion.

A major bulk of the studies conducted in
humans  cons t i tu tes  those  ca r r ied  ou t  in
in fan ts .  The  assessment  o f  pa in  i s  ra ther
d i f f icu l t  in  in fan ts ,  however ,  non-verba l
measures such as behavioural criteria (facial
express ion ,  c ry ing)  and  phys io log ica l
measures (heart rate, oxygen saturation etc.)
have been used to assess the analgesic effect
of  sucrose .  In  a  few s tud ies  conducted  in
chi ldren and adul ts  VAS has  been used to
quant i fy  pa in  fo l lowing  admin is t ra t ion  of

sucrose  o r  any  pa la tab le  subs tance .
Never the less ,  more  convinc ing  ob jec t ive
methods  a re  requ i red  to  subs tan t ia te  the

Fig.  1 : Compar i son  be tween  the  maximum ampl i tude
(mean ± SD, µv) of  RIII  ref lex in control  and
exper imental  group of  male  volunteers  before
and af ter  in tervent ion with  water  (c lear  bars)
or sucrose (fil led bars) respectively. Maximum
ampl i tude  (mean ± SD,  µv)  o f  RI I I  r e f l ex  1 :
be fore  in te rven t ion  2 ,  immedia te ly  a f t e r
in te rven t ion ,  3  th rough  6 ,  5 ,  10 ,  15  and  20
min  a f t e r  in te rven t ion ,  r e spec t ive ly .
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Fig.  2 : Compar i son  be tween  the  maximum ampl i tude
(mean ± SD, µv) of  RIII  ref lex in control  and
exper imenta l  g roup  o f  ma le  vo lun tee r s
before and after intervention with water (clear
ba r s )  o r  suc rose  ( f i l l ed  ba r s )  r e spec t ive ly .
Maximum ampl i tude  (mean ± SD,  µv)  o f
RI I I  r e f l ex  1 :  be fo re  in te rven t ion  2 ,
immedia te ly  a f t e r  in te rven t ion ,  3  th rough  6 ,
5 ,  10 ,  15  and  20  min  a f t e r  in te rven t ion ,
r e spec t ive ly .

analgesic efficacy of sucrose as an analgesic
in  adu l t s .  Our  own s tud ies  have  prov ided
evidence by utilizing objective neurophysiologic
techniques about the duration, intensity and
gender  var ia t ion  in  sucrose  fed  ana lges ia .
Hea l thy  adu l t  vo lun teers  were  randomly
divided into control and sucrose fed groups.
Nocicep t ive  f l ex ion  re f lex  (RI I I )  was
recorded  in  a l l  the  vo lun teers  before  and
af te r  inges t ion  of  e i ther  wate r  o r  a  25%
sucrose solution. This technique is a highly
reliable,  reproducible and objective tool for
assess ing  the  noc icep t ive  s ta tus  o f  an
individual  (23).

In our study on a total of 18 volunteers
(12 male and 6 female) the pain was assessed
before  and af te r  inges t ion  of  25% sucrose
solution. The nociceptive flexion (RIII) reflex
was recorded at 5 min interval until 20 min.
Post sucrose ingestion, RIII reflex could not
be  e l i c i t ed  for  15  min  in  male  sub jec t s
(Fig. 1) and for only 5 min in female subjects
(Fig.  2)  at  a  current  s t rength,  which could
elicit the reflex prior to ingestion of sucrose.
This  s tudy  prov ides  d i rec t  ev idence  of
sucrose  fed  ana lges ia  in  human adul t s ,
besides a gender bias in the sucrose induced
ana lges ia .  A gender  d i f fe rence  can  be
accounted  for  by  the  fac t  tha t  sucrose
consumpt ion  no t  on ly  produces  op io id
media ted  ana lges ia ,  i t  a l so  has  complex
in te rac t ions  wi th  o ther  fac tors  a f fec t ing
noc icep t ion  such  as  hormonal ly  induced
differences in nociception. Frye et al (1992)
assessed  pa in  sens i t iv i ty  dur ing  severa l
phases of the estrous cycle (24).  Tail  f l ick
la tenc ies  were  measured  in  10  cyc l ing
ra t s ,  dur ing  the  lu tea l  phase  and  in
ovar iec tomized  ra t s  on  oes t rad io l  and
proges terone .  The ta i l  f l ick  la tencies  were
longer  dur ing the  lu tea l  phase  and shor ter

in  ovar iec tomized  ra t s .  However ,  th i s
pa t te rn  was  los t  when  the  ovar iec tomized
rats with treatment were allowed to drink a
32% sucrose solution chronically.
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The  poss ib le  mechanism of  ac t ion  of
sucrose  induced analges ia  i s  of  s ignif icant
in te res t  to  research  workers .  Mos t  o f  the
reports have emerged from studies on animal
models while some are from human studies.

Mechanism of  ac t ion

Based on available evidence from animal
studies and human studies,  we bel ieve that
sucrose induced init ial  analgesia as well  as
la te  hypera lges ia  can  be  exp la ined  on  the
basis of sucrose-opioid interaction. Figure 3
g ives  a  t en ta t ive  summary  of  the  sucrose
opioid interaction. In the following section,
we  h igh l igh t  the  major  ev idence  tha t
supports the proposed mechanism of sucrose
action on nociception.

after a single dose of oral sucrose is up to
20–30 min as it is effective throughout minor
surg ica l  p rocedures  such  as  c i rcumcis ion .
Therefore ,  the  immediate  effect  of  sucrose
inges t ion  i s  ana lges ia ,  which  i s  op io id
media ted  (27) .  However ,  un in te r rup ted
availability and thereby ingestion of sucrose
ad l ibi tum ( in  addi t ion to  laboratory food)
lowers  pa in  th resho ld  and  enhances
morphine analgesia (10). In a similar report
Mukherjee et al (2001) studied the effect of
ad l ibi tum sucrose ingest ion for  6 ,  12 and
48 hours on phasic and tonic pain in adult
rats (28). Ingestion of sucrose for 48 hours
reduced tail flick latency, threshold of simple
vocalization and vocalization after discharge,
bu t  the  th resho ld  of  t a i l  f l i ck  was  no t
affected. The results suggested hyperalgesic
response  to  phas ic  s t imul i  and  ana lges ic
response to tonic stimuli. When sucrose was
inges ted  s imi la r ly  f rom weaning  to
adul thood a  hypera lges ic  response  to  bo th
tonic and phasic pain including threshold of
ta i l  f l ick  was  observed (29) .  S imi lar ly ,  in
ven t romedia l  hypotha lamus  les ion  ra t s ,
inges t ion  of  sucrose  was  inef fec t ive  and
2Deoxyglucose  (g lucose  an t i -metabol i t e )
infusion (1 µl/h for 7 days) in ventromedial
hypothalamus abolished the sucrose induced
effects  thereby suggest ing the  involvement
of glucoreceptor neurons therein. Most of the
neurona l  s igna l s  tha t  a re  genera ted  by
food  in take  or ig ina te  in  o r  pass  th rough
the  ven t romedia l  hypotha lamus .  Glucose
sens i t ive  neurons  par t ic ipa te  in  au tonomic
and  behavioura l  regu la t ion  of  food  in take
by  moni tor ing  the  metabol ic  s ta tus  o f  the
body  (30) .  Roane  and  Mar t in  (1990)  have
demons t ra ted  a  s ign i f ican t  decrease  in
ta i l - f l i ck  l a tency  in  sucrose  fed  ra t s
when  compared  to  con t ro l  ra t s  (31) .  The
differences in the two groups were abolished

Fig.  3 : The figure shows biphasic response of sucrose
ingest ion and i t s  in teract ion wi th  endogenous
opioid  sys tem.

Evidence from animal studies : The analgesic
ac t ion  i s  poss ib ly  no t  secondary  to
d i s t rac t ion ,  bu t  re la ted  to  the  hedonic
quali t ies of sucrose (25).  Sucrose ingestion
results in relief of both tonic and phasic pain
(26) .  Moreover ,  the  dura t ion  of  ana lges ia
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fo l lowing  admin is t ra t ion  of  na loxone .  In
addit ion there was an increased potency of
morphine analgesia. The latter could be due
to  a  decrease  in  the  ab i l i ty  o f  l ive r  to
metabol ize  morphine  opio ids  and  probably
in i t i a t ion  of  mechanism tha t  inh ib i t  ton ic
re lease  o f  endogenous  op io ids  thereby
result ing in up regulat ion of receptors (31,
32) .  Hence ,  bo th  the  immedia te  and  la te
effects  of  sucrose ingest ion on nocicept ive
response  can be  expla ined on the  bas is  of
endogenous  op io id  modula t ion .  Ra ts  fed
sweet food shortly before sacrifice show both
a  decrease  in  hypotha lamic  B-endorphin
leve l  and  op io id  b ind ing  (33) .  Sucrose
ingestion is also accompanied by an increase
of  p ro-opiomelanocor t in  mRNA in  the
arcuate nucleus of  the hyphothalamus (34).
The  l i t e ra tu re  there fore  i s  ind ica t ive  o f  a
poss ib le  involvement  o f  hypotha lamus  in
sucrose induced analgesia .  Of the different
parts of the hypothalamus the ventro medial
hypothalamus and lateral  hypothalamic area
have received the attention of scientists (35,
36 ,  37 ,  38) .  E lec t ro ly t ic  l es ion  of  ven t ro
media l  hypotha lamus  leads  to  obes i ty  due
to increased consumption of  palatable food
(39) .  Also ,  ven t ro  media l  hypotha lamus
les ion  abo l i shes  bo th  the  ana lges ic  and
hypera les ic  e f fec t s  o f  sucrose  feed ing ,
thereby  ind ica t ing  a  s ign i f ican t  ro le
of  ven t romedia l  hypotha lamus  in
sucrose  induced  ana lges ia .  (26 ,  40) .  In  a
recen t  repor t ,  Anse lon i  e t  a l  (2005)  have
demons t ra ted  pers i s tence  of  sucrose
induced  ana lges ia  fo l lowing  mid-col l icu la r
t ransect ion in  ra ts  there  by rul ing out  any
ro le  o f  the  fo rebra in  in  sucrose  induced
analgesia. (41). However, they have reported
sucrose induced cFos expression in the peri
aqueduc ta l  g rey  (PAG)  and  nuc leus  raphe
magnus (NRM), the two key brainstem sites
involved in descending pain modulation The

PAG has  been  ex tens ive ly  s tud ied  for  i t s
ro le  in  descending  pa in  modula t ion .
The PAG neurons respond to different types
of  per iphera l  noxious  s t imula t ion  by
increasing their firing rate while i t  respond
to  noxious  s t imulus  o f  too th  pu lp  by
predominantly decreasing its firing rate (42).
Other  s tud ies  have  demons t ra ted  an
increased intake of sucrose following intra-
per i tonea l  in jec t ion  of  midazo lam,  a
benzodiazepine agonist when compared with
saline injected control rats. The same effects
were  no t  seen  for  qu in ine  inges t ion  (43) .
These resul ts  suggest  that  intr insic  opioids
play an important  ro le  in  the  induct ion of
palatabi l i ty  (44) .

Evidence from human studies :  It  is evident
f rom the  a foresa id  repor t s  tha t  sucrose  or
any other sweet solution has a rapid calming
effect  in  newborns.  The rapid onset  of  the
effect suggests that afferent signals from the
mouth ,  ra ther  than  gas t r i c  and  metabol ic
changes,  ini t iate these responses (21).  This
aspec t  o f  sucrose  ana lges ia  has  a l so  been
inves t iga ted  by  admin is t ra t ion  of  sucrose
through a  nasogastr ic  tube to  infants  pr ior
to heel lance to circumvent the activation of
ora l  a f fe ren ts .  The  baby’s  response  was
measured  by  behavioura l  response  and
cry ing  t ime .  The  response  to  pa in  was
reduced only in those infants who received
ora l  sucrose  whereas  no t  in  those  who
rece ived  i t  in t ragas t r i ca l ly .  There fore ,  the
study clearly indicates that  the engagement
of  the  t as te  sense  i s  essen t ia l  to  p romote
the “sucrose analgesia” (45).

The  fur ther  mechanism was  e labora ted
by  our  s tudy  u t i l i s ing  na loxone  cha l lenge
test.  This test is based on the fact that the
opioids exert  a  tonic inhibit ion on the Gn-
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RH neurons  in  the  hypothalamus (46,  47) .
This  ton ic  inh ib i t ion  may  be  reversed  by
na loxone ,  an  op io id  an tagonis t ,  which  i s
accompanied  by  a  d i scharge  of  LH-RH
lead ing  to  a  re lease  o f  LH in to  the
circulation (48).  Serial  estimation of LH in
serum indicates the status of the endogenous
opioid system (EOS) as well as its functional
ab i l i ty  to  some ex ten t .  Th is  na loxone
chal lenge tes t  has  been used to  assess  the
EOS s ta tus  in  heal thy  indiv iduals  (Fig .  4)
(47) .  Fedele  (1998)  and Facchinet t i  (1988)
have  u t i l i zed  i t  wi th  p romis ing  resu l t s  in
unders tand ing  pa in  percep t ion  in  pa t ien t s
with syndrome X and in evaluation of central
op ia te  ac t iv i ty  in  p r imary  headache
disorders  (49 ,  50) .  The endogenous  opioid
status in patients with chronic tension type
headache has been studied utilising this test.
The LH response is blunted and is improved
by yogic l i fe  s tyle and botulinum inject ion
in  ce rv ica l  musc les  (51) .  The  na loxone
cha l lenge  tes t  has  a l so  been  used  by
Rengara jan  e t  a l  (2005)  to  examine  the
endogenous  op io id  s ta tus  in  pa t ien t s  o f
t r igemina l  neura lg ia  (52) .  The  LH leve l s
therefore,  indirect ly ref lect  the endogenous

opio id  l eve l s .  The  resu l t s  o f  our  s tudy
showed a higher concentration of LH in the
sucrose  fed  group ,  which  i s  ind ica t ive  o f
sucrose mediated opioid release.

Potent ia l  appl ica t ion

The sensation of taste has both cognitive
and hedonic components. The former allows
disc r imina t ion  amongs t  var ious  t as tes  and
is detected by definite neural pathways. The
la t te r  i s  concerned  wi th  deve lopment  o f
preference or aversion to taste. Sweet foods
have  a  h igher  reward  va lue  and  there fore
are more palatable and preferred.  Ingest ion
of sucrose or any palatable substance hence
leads to a feeling of pleasure, which in turn
activates the endogenous opioid pool leading
to  a l l ev ia t ion  of  s t ress  and  pa in .  On the
o ther  hand ,  s t ress  by  i t se l f  p roduces
analgesia .  This  effect  too can be  modif ied
by sucrose ingestion. Mukherjee et al (2001)
have  repor ted  an  a t t enua t ion  of  the
ana lges ic  e f fec t s  o f  chron ic  in te rmi t ten t
s t ress  fo l lowing  ad  l ib i tum  inges t ion  of
palatable sucrose solut ion in rats  (53).

Sucrose ingestion has a robust effect on
the endogenous opioid pept ides ,  which per
se  has  wider  appl ica t ions .  Derangement  of
the  endogenous  op io id  sys tem has  been
impl ica ted  in  ce r ta in  chron ic  pa infu l
d i sorders .  The  na loxone  cha l lenge  tes t
can  be  u t i l i zed  to  assess  the  s ta tus  o f
endogenous  op io ids  in  these  pa t ien t s ,  and
appropr ia te  t rea tment  modal i t i es  can  be
suggested in a variety of chronic pain such
as  headache ,  backache  e tc .  On  the  o ther
hand a potential  role of  the opioids in the
genesis of obesity and eating disorders such
as  anorex ia  nervosa ,  bu l imia  and  b inge
eating has been suggested (54). It is evident

Fig.  4 : Levels  of  lu te iniz ing hormone (mean ± SD) in
con t ro l  and  exper imenta l  g roup  o f  ma le
volunteers .  Nx,  na loxone  in jec t ion .
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from the findings of the naloxone challenge
tes t  tha t  the  endogenous  opioid  levels  can
be changed with very minor  s t imuli  as  for
example  sucrose  inges t ion .  A be t te r
knowledge of the biological effects of sucrose
inges t ion  can  enab le  us  to  fu r ther
unders tand  cer ta in  aspec t s  o f  the  d i seases
in which the opioid levels  are aberrant .  In
such  cases ,  the  endogenous  op io id  sys tem
may be  non-pharmacological ly  manipula ted
with small amounts of sucrose, at  the same
time the possible adverse effects of deranged

opioid levels may be avoided.
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