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Background: Sucrose is an effective analgesic for pro-
cedural pain in preterm infants. It has been hypoth-
esized that its analgesic effects are mediated by the re-
lease of endogenous opioid neurotransmitters such as
B-endorphin.

Objective: To determine whether intraoral administra-
tion of sucrose was associated with an increase in serum
B-endorphin concentrations in preterm infants with a ges-
tation period less than 29 weeks who were not exposed
to a painful stimulus.

Methods: We performed a prospective open-label study
in preterm infants admitted to 2 tertiary neonatal inten-
sive care units. Each infant received a single dose of 30%
sucrose intraorally during a 1- to 2-minute period. A blood
sample was obtained using an indwelling arterial cath-
eter to determine B-endorphin concentration immedi-

ately before and 2 to 5 minutes after the commence-
ment of sucrose administration.

Resvults: We enrolled 11 preterm infants with a mean+SD
gestational age of 27.2+ 0.9 weeks and a mean +SD birth
weight of 1018238 g (1.02+0.24 kg) at a mean=SD post-
natal age of 3.0+2.5 days. The mean=SD B-endorphin
concentration before and after sucrose administration was
60.4230.5 pg/mL and 57.4+22.4 pg/mL, respectively
(P=.45). No adverse events were observed during the
study procedures.

Conclusion: Intraoral administration of sucrose in
preterm infants did not lead to an increase in serum
B-endorphin concentrations at a point in time when the
analgesic effects of sucrose were presumed to be present.
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HERE IS a considerable body

of research demonstrating

the analgesic effectiveness

of oral sucrose solutions

in newborns undergoing
painful cutaneous procedures.'? Sucrose re-
duces pain from various procedures in-
cluding heel lance, venipuncture, immu-
nization, and circumcision. Sucrose has
ideal antinociceptive properties for most cu-
taneous procedures because it has a peak
onset of action of 2 minutes® and a dura-
tion of action of 5 to 10 minutes. These
characteristics coupled with its ease of ad-
ministration, low cost, and lack of docu-
mented systemic effects* have led to its pro-
motion in the clinical setting as an analgesic
for managing neonatal pain during nox-
ious medical procedures.’

The mechanism underlying sucrose-
induced analgesia is not fully estab-
lished. It has been hypothesized that the
sweet taste induces the release of endog-
enous opioids.* A preabsorpiive mecha-
nism for sucrose-induced analgesia is sup-
ported by data demonstrating analgesic

effects following direct administration onto
the tongue but not after administration into
the stomach via a nasogastric tube.* How-
ever, to date, no study has investigated
whether endogenous opioid concentra-
tions in the serum are changed following
sucrose administration.

This study was undertaken to fur-
ther elucidate the mechanism of action of
sucrose as an analgesic in preterm infants.
Our objective was to determine whether se-
rum B-endorphin concentrations in these
infants were increased following intraoral
administration of sucrose.

— T

We conducted an open-label prospective study
in 2 neonatal intensive care units in Toronio,
Ontario (The Hospital for Sick Children and
Sunnybrook and Women’s College Health Sci-
ences Centre, Women’s College campus), be-
tween February 2000 and October 2001. Pre-
term infants with a gestational age between 26
and 29 weeks who had indwelling arterial cath-
eters, were within the first 10 days of life, and
were judged clinically stable by the attending
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*Data are presented as pg/mL. P =45 (baseline vs after sucrose).

neonatologist were eligible to participate. Each infant re-
ceived 1 dose of 30% wt/vol sucrose solution on the tongue with
a syringe, administered slowly during a 1- to 2-minute period.
The volume of sucrose given ranged from 0.2 to 0.75 mL and
was based on the infant’s weight. This method of administra-
tion was chosen to standardize the dose intensity among in-
fants to 0.1 t0 0.15 g/kg. Immediately before and between 2 and
5 minutes after the commencement of sucrose administration,
blood samples (0.8-1.0 mL) were obtained using an indwell-
ing arterial catheter to determine serum B-endorphin concen-
tration. Infants were observed for adverse events during the
administration of sucrose, including choking, vomiting, ap-
nea, or bradycardia. The infants did not undergo a painful pro-
cedure during the study period.

Infants were not eligible for the study if they had congen-
ital anomalies, were clinically unstable, or were receiving opi-
oid analgesics. The research ethics boards of both participat-
ing institutions approved the study protocol, and informed
parental consent was obtained for all infants.

Blood samples were centrifuged, and the serum was fro-
zen until later analysis for B-endorphin concentration by
the biochemistry laboratory at The Hospital for Sick Children
using a commercially available radicimmunoassay kit
(B-endorphin 60T kit; Nichols Institute Diagnostics, San Juan
Capistrano, Calif). The reported sensitivity of the assay was
14 pg/mL, and the intra-assay coefficient of variation was less
than 5%.” All samples were analyzed in duplicate, and the mean
of the 2 values was reported.

There were no previous studies with which to estimate
sample size. We determined that 10 infants would suffice if there

was a 2-fold increase in B-endorphin concentration following
the administration of sucrose, with a standard deviation equal
to half this difference, a=.05, and power set at 80% (Sample
Power version 1.00; SPSS Inc, Chicago, 11I). The difference in
B-endorphin concentrations before and after the administra-
tion of sucrose was compared using a paired ¢ test (SPSS ver-
sion 10.1.0; SPSS Inc).

Eleven preterm infants participated in the study. In 1 in-
fant, we discovered that morphine had been adminis-
tered after the study procedures had been performed; con-
sequently, an additional infant was recruited. However,
the data for the infant who received morphine were
retained in the analysis. The characteristics of all par-
ticipating infants are listed in Table ¥. All participants
were medically stable preterm infants with gestational ages
at birth ranging from 25 to 28 weeks. Six infants were
receiving antibiotics for the following indications: pos-
sible sepsis (n=2), prolonged rupture of amniotic sac
membranes (n=2), maternal choricamnionitis (n=1), and
a blood culture result positive for coagulase-negative
Staphylococcus epidermidis (n=1). The infant with the posi-
tive blood culture result was 10 days old at the time of
the study and had an indwelling, peripherally inserted
central venous catheter. Ten infants were receiving supple-
mental oxygen; of those, 8 were receiving conventional
ventilation, 1 was given continuous positive airway pres-
sure, and 1 was receiving low-flow oxygen. The 1 infant
receiving morphine was also being given a tapered dose
of dopamine for blood pressure support. None of the in-
fants had intraventricular hemorrhages.

All infants were calm at the time of the study. Four
infants had been exposed to painful cutaneous proce-
dures (lumbar puncture [n=2] and peripheral intrave-
nous cannula insertion [n=2]) in the preceding 24 hours.
In 1 infant, the procedure was performed 3 hours prior
to the study. In all other infants, the procedures were per-
formed 14 to 24 hours before the study. No adverse events
were observed during the intraoral administration of su-
crose in any of the infants. Serum B-endorphin concen-
trations before and after sucrose administration are in-
dicated in Table 2. Postsucrose blood samples were
collected between 2 and 5 minutes (median, 2 minutes)
after commencement of sucrose administration. Mean + SD
presucrose and postsucrose serum B-endorphin concen-
trations were 60.4+30.5 pg/mL and 57.4x22.4 pg/mL,
respectively (P=.45). Although subject 3 had received
morphine prior to the study procedures, there was no dif-
ference in the results after the exclusion of this infant from
the analysis.

B COMMENT

This study did not demonstrate a statistically significant
difference in serum B-endorphin concentrations in pre-
term infants before and after a single dose of sucrose.
To our knowledge, this is the first study to measure
B-endorphin concentrations before and after sucrose ad-
ministration. The results are inconsistent with those of
animal studies that suggest B-endorphin release after the



administration of sucrose. In rats, intraoral administra-
tion of sucrose reduced vocalization and lengthened paw
lift latency from a hot plate compared with the admin-
istration of distilled water. In addition, these analgesic
effects were reversed by the opioid antagonist naltrex-
one hydrochloride but not by normal saline injections.®
Studies in humans have demonstrated that sucrose is not
effective in calming infants of women treated with metha-
done hydrochloride, suggesting that the effects of su-
crose are mediated by a common pathway.’

We studied preterm infants with stable cardiores-
piratory status who followed their expected medical
course. Preterm infants are exposed to numerous pain-
ful procedures; previous clinical trials have demon-
strated the efficacy of sucrose for procedural pain in this
population.? The concentrations of B-endorphin that were
observed are similar to those reported in other studies
of infants of similar gestational and postnatal ages.'**
Therefore, our results are representative of this popula-
tion and are probably not related to the assay technique
used. B-endorphin concentrations were elevated in pre-
term infants receiving mechanical ventilation compared
with control infants matched for age and weight.?

We specifically targeted infants with indwelling arte-
rial catheters in situ to obtain blood samples for the mea-
surement of B-endorphin. This was done to avoid subject-
ing the infants to unnecessary pain from heel lance or
venipuncture for the sole purpose of obtaining the blood
samples. Sampling in this manner meant that sucrose was
not administered before a painful procedure, as itis in the
clinical setting. Nevertheless, the infants in our study were
similar to preterm infants in other sucrose studies be-
cause they had been exposed to painful and stressful events
during their neonatal intensive care unit stay. The ab-
sence of a significant difference between B-endorphin
concentrations before and after sucrose administration
raises the possibility that sucrose-induced pB-endorphin
release occurs only in response to a painful procedure.
However, we know of no mechanism that would lead to
increased B-endorphin concentration after sucrose ad-
ministration in response to a painful procedure but not
otherwise. Such a mechanism would require the su-
crose {or its effects) to interact with a pain-related fac-
tor to increase B-endorphin levels rapidly enough to in-
duce analgesia after the painful procedure had occurred.

The lack of a difference in serum concentrations in
this study may be due to improper timing of the blood
sampling after sucrose administration. Blood sampling for
B-endorphin concentrations was started between 2 and 5
minutes after the commencement of sucrose administra-
tion. It is possible that an insufficient period elapsed be-
tween the administration of the dose and blood sam-
pling" so that the increases in B-endorphin concentrations
were not yet evident in the peripheral circulation. Alter-
natively, plasma B-endorphin concentration may not be
directly related to the concentration at receptor sites. Rather,
local concentration at the receptor site could vary with-
out any detectable difference in plasma concentration.'®

Another possible explanation for the negative result
is that neurotransmitters other than B-endorphin are re-
sponsible for mediating the analgesic effects of sucrose.
There are 3 main families of endogenous opioids: endor-

phins, enkephalins, and dynorphins. They act on 3 basic
receptor types—1, A, and k, respectively—although no en-
dogenous opioid is specific for 1 receptor. All opioids are
derived from different precursor molecules and are pres-
ent in the periphery, spinal cord, and brain.!” Of the nu-
merous naturally occurring opioids, we chose to investi-
gate B-endorphin-because it produces-the most powerful
and longest-lasting analgesia. It is also the most studied one,
and the role of other endogenous opioids is less clear. More-
over, only B-endorphin has been demonstrated to in-
crease following the ingestion of sweet foods in animals.'®

B-endorphin is derived by selective cleavage of the
precursor molecule propiomelanocortin. The main source
of circulatory B-endorphin is the pituitary gland, but it may
be produced in the brain and peripheral organs as well."”
During acute stress and pain, the hypothalamic-pituitary-
adrenal system produces an increase in B-endorphin
concentration in the blood. This circulatory release of
B-endorphin can be reduced by systemic analgesia?®?;
thus, plasma B-endorphin concentrations have fre-
quently been used to determine analgesic efficacy. Early
studies performed in animals demonstrated an inconsis-
tent relationship between plasma and cerebrospinal fluid
(CSF) B-endorphin concenirations. However, numerous
methodologic shortcomings precluded an unequivocal in-
terpretation of the results, including uncertain validity of
assay techniques, concurrent administration of poten-
tially interfering substances, and lack of control data.'’®
Although recent studies suggest that short-term varia-
tions occur in both plasma and CSF concentrations of
B-endorphin, they are not closely correlated,'®?* and it
is not clear whether B-endorphin is secreted within the
brain but rapidly metabolized or resorbed without signifi-
cantly altering the concentration in the CSF.!* The incon-
sistent relationship between plasma and CSF levels may
be further complicated by certain neurological or inflam-
matory conditions involved in the pain system that act in-
dependently to influence B-endorphin release peripher-
ally and/or centrally.** Because the relationship between
peripheral and CSF B-endorphin concentrations as well
as the mechanism of action of sucrose is unclear, we mea-
sured peripheral B-endorphin concentrations rather than
CSF concentrations. Measuring CSF concentrations was
neither feasible nor ethical (without more data to suggest
a central mechanism of action).

Finally, it is possible that the dose of sucrose used in
our study was subtherapeutic and failed to elicit changes
in B-endorphin concentration. However, this is unlikely
because the dose was within the range of effective anal-
gesic doses used in this population.? In previous studies
of preterm infants, sucrose doses varying from 0.01 g to
1 g% (corresponding to approximately 0.01 g/kg to
1 g/kg) have been effective. In this study, we standard-
ized the dose based on the weight of the infant. Our pre-
vious meta-analysis suggested that 0.24 g was the mini-
mally effective dose for full-term infants (approximately
0.1 g/kg if the infant weighs 2.5 kg), so we used a simi-
lar exposure level (0.1 g/kg) for preterm infants. The
method of sucrose administration was consistent with
other studies; therefore, it is unlikely that the dose of
sucrose or the mode of administration can explain why
B-endorphin concentrations did not rise postdose.




The analgesic effects of sucrose are hypothesized to be
mediated by the release of endogenous opioid neuro-
transmitters such as B-endorphin. We investigated
whether B-endorphin concentrations in the serum were
increased following sucrose adminisiration in preterm
infants. We found no significant effect ofa single dose
time when the analgesm effects of sucrose were pre-
sumed to be present. Our results do not support a B-en-
dorphin-mediated mechanism of action of sucrose. How-
ever, the sampling techniques used (timing of blood
samples; body fluid analyzed) may have been inappro-
priate or insensitive to changes in central nervous sys-
tem B-endorphin concentration. Futuré fésearch is needed
to support or refute an opioid-mediated mechanism of
action of sucrose.

In summary, we found no detectable increase in se-
rum B-endorphin concentrations in preterm infants af-
ter a single dose of sucrose at a point in time when its
analgesic effects were expected to be present. This study
is only the first step in trying to identify the biochemical
response to sucrose, so future studies are needed. Ani-
mal experiments involving measurements of B-endor-
phin concentration changes in the central nervous sys-
tem after treatment with sucrose and the time course of
these changes in the periphery may help to further elu-
cidate the mechanism of action of sucrose and identify
the cause of this apparently conflicting result.
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