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Mechanism of injection pain with long and long-
medium chain triglyceride emulsive propofol

[Le mécanisme de ln doulenr a Pinjection d’une émulsion de propofol et de chaines

longues et mi-longues de triglycérides]

Hiroshi Ohmizo DDS, Shinju Obara MD, Hiroshi Iwama MD

Purpose: t has been suggested that long-medium chain triglyceride
(LCT/MCT) emulsive propofol causes less injection pain than long
chain triglyceride (LCT) emulsive propofol because of the
decreased propofol concentration in the aqueous phase.
Alternatively, LCT propofol generates bradykinin causing the injec-
tion pain and activates complement, but these effects when using
LCT/MCT propofol have not been examined. To identify the
mechanism for reduced pain with LCT/MCT propofol, injection
pain, bradykinin generation and complement activation with use of
both propofol products were compared.

Methods: Two hundred adult patients randomly allocated to two
groups were given 1.5 mgkg” iv of either LCT propofol or
LCT/MCT propofol at a rate of 200 mgmin~" in a double-blind
manner and were asked to grade pain scores. In another study,
bradykinin and activated complement 3 (C3a) concentrations were
measured using blood obtained from |3 healthy volunteers mixed
with saline, LCT propofol or LCT/MCT propofol.

Results: There was a significant difference in pain scores between
groups, showing a lower incidence of injection pain in the
LCT/MCT propofol group. The bradykinin concentrations in blood
mixed with LCT and LCT/MCT propofol were significantly higher
than in blood mixed with saline. The C3a concentrations showed
similar results.

Conclusions: LCT/MCT propofol causes less pain on injection
compared with LCT propofol. Bradykinin generation and comple-
ment activation are similar with both LCT and LCT/MCT propofol.
Thus, the reason for less pain on injection with LCT/MCT propo-
fol may be attributed to a decreased concentration of propofol in
the aqueous phase.

Objectif : On a pensé qu'une émulsion de propofol avec une chaine
mi-longue de triglycéride (CLT/CMT) cause moins de douleur a l'injec-
tion qu'une émulsion a chaine longue (CLT) parce que la concentra-
tion de propofol diminue pendant la phase aqueuse. Aussi, le propofol
avec CLT génere de la bradykinine, causant de la douleur a l'injection,
et active le complément, mais ces effets n'ont pas été étudiés avec le
propofol CLT/CMT. Pour définir le mécanisme qui réduit la douleur avec
le propofol CLT/CMT, nous avons comparé la douleur a ['injection, la
génération de bradykinine et I'activation du complément avec ['usage
des deux produits de propofol.

Méthode : Deux cents patients adultes ont été répartis au hasard en
deux groupes et ont recu 1,5 mg'kg™! iv de propofol CLT ou CLT/CMT
& 200 mgmin~" en double aveugle. On a demandé aux patients d'é-
valuer leur douleur. Dans une autre étude, les concentrations de
bradykinine et de complément 3 activé (C3a) ont été mesurées dans
des échantillons sanguins, obtenus de |3 volontaires sains, mélés a
une solution salée, a du propofol CLT ou CLT/CMT.

Résultats : On a noté une différence significative de scores de
douleur, montrant une plus faible incidence avec le propofol CLT/CMT.
Les concentrations de bradykinine dans le sang mélé au propofol CLT
et CLT/CMT ont été significativement plus élevées que dans le sang
mélé a la solution saline. Les concentrations de C3a ont montré des
résultats similaires.

Conclusion : Le propofol CLT/ICMT cause moins de douleur a l'injec-
tion que le propofol CLT. La génération de bradykinine et I'activation de
complément sont similaires avec le propofol CLT et CLT/CMT. Par con-
séquent, la diminution de la douleur avec le propofol CLT/CMT peut
étre attribuée a la plus faible concentration de propofol pendant la
phase aqueuse.
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ROPOFOL is widely used to induce and
maintain anesthesia as well as for sedation of
intensive care patients. Since propofol is
water insoluble and causes severe pain on
injection, it has been formulated as a 1% solution in a fat
emulsion containing 10% soybean oil consisting of long
chain triglycerides (LCT). However, about half of
patients still experience moderate to severe pain on
injection.!® Thus, several methods have been devised
to prevent this pain, for example injection into a larger
vein, use of various drugs (aspirin, fentanyl, alfentanil,
metoclopramide, nitroglycerin, prilocaine, pethi-
dine),*? and co-administration with either lidocaine or
nafamostat mesilate (a kallikrein inhibitor),>31%11 of
which the most effective and common are use of a larg-
er vein and mixing with lidocaine. Regarding one of the
mechanisms of injection pain, our recent studies
demonstrated generation of the bradykinin caused by
propofol and its inhibitory effect of lidocaine and
nafamostat mesilate, so that these two drugs are con-
sidered to decrease the pain by reducing the plasma
bradykinin levels.?? Bradykinin is produced by contact
between the lipid solvent for propofol and the plasma
kallikrein-kinin system, and results in modification of
the injected vein, such that the propofol in the aqueous
phase has easy access to the free nerve endings of the
vessel, causing aggravation of the pain.? In addition, it
has recently been reported that use of 10% long and
medium chain triglycerides (LCT/MCT) mixed at a
1:1 ratio in the carrier emulsion, as an alternative to
LCT, reduces pain without any changes in the pharma-
cokinetics and pharmacodynamics. It was suggested
that this can be attributed to a decreased concentration
of the aqueous phase propofol.!>-1>
According to the above reports, reduction of
bradykinin generation or propofol concentration in
the aqueous phase may be the main reasons for
reduced pain on injection with propofol emulsified in
LCT/MCT. Although a decrease in the aqueous
phase propofol in this emulsion has been demonstrat-
ed,!¢ the effect on bradykinin generation has not been
examined. Apart from the pain, it has been demon-
strated that complement is activated by LCT.!7
Although the clinical implication of this complement
activation is unclear, it may be important, because it
has been associated with pulmonary edema.!8-20
Furthermore, the effect of LCT/MCT on comple-
ment activation has not been examined. In this report,
injection pain, bradykinin generation and complement
activation with use of LCT emulsive propofol and
LCT/MCT emulsive propofol were compared to
identify the mechanism for reduced pain when using
LCT/MCT propofol.
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Materials and methods

The following studies were approved Dby our
Institutional Ethical Committee, and all patients and
volunteers associated with the studies provided writ-
ten informed consent. One percent propofol emulsi-
fied in 10% LCT (Diprivan, Astra Zeneca, Osaka,
Japan) and 1% propofol emulsified in 10% LCT/MCT
at a 1:1 ratio (Propofol, Maruishi, Osaka, Japan) were
used and regarded as LCT and LCT/MCT propofol,
respectively.

Comparison of injection pain

Two hundred elective and adult operative patients clas-
sified as ASA T or II were allocated randomly to the
LCT or LCT/MCT propofol groups. The patients
were not premedicated. After entering the operating
room, each patient received a 20-G v catheter in the
forearm. Subsequently, 1.5 mgkg! of either LCT
propofol or LCT/MCT propofol were injected at a rate
of 200 mg-min™ in a double-blind manner. During
induction, patients were repeatedly asked to report and
grade any discomfort or pain of hightest score as: none
= 0; discomfort = 1; mild pain = 2; moderate pain = 3;
severe pain = 4.

Bradykinin generation and complement activation
Thirteen adult healthy volunteers with no medical his-
tory and not taking any medication were enrolled into
this part of the study. Three plastic tubes, one of each
containing 2 mL of saline, LCT propofol or
LCT/MCT propofol, were prepared at room tempera-
ture. Venous blood (12 mL) was collected from the
cubital vein of volunteers by a plastic syringe whilst
using a proximal venous tourniquet, and 4 mL of blood
was injected into each of the prepared tubes. Each sam-
ple was shaken mildly for 20 sec, and then 4 mL was
mixed immediately with edetic acid, aprotinin and
trypsin inhibitor for bradykinin measurement and 2 mL
was mixed with edetic acid and nafamostat mesilate for
activated complement 3 (C3a) measurement. All tubes
were then centrifuged at 4°C. The supernatant for
bradykinin measurement was assayed using a radioim-
munoassay kit (SRL Co., Tokyo, Japan),®?! and that for
C3a measurement was assayed by radioimmunoassay
(Human Complement C3a des Arg [125I] Assay
System, Amersham International, Bucks, UK).}7?2 The
sensitivity level and coefficient of variation for the intra-
assay and inter-assay were 2.0 pg-mL7) 7.7-21.7%,
9.4-14.9% in the bradykinin, and 40 ng-mL™,
5.0-8.7%, 16.5-20.5% in the C3a.
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TABLE Comparison of injection pain with use of long chain triglyceride (LCT) emulsive propofol or long-medium chain triclyceride

(LCT/MCT) emulsive propofol

0 1

Pain score
2 3 4

LCT (n = 102) 39 (38.2%) 16 (15.7%)

LCT/MCT (n = 98) 62 (63.3%) 13 (13.3%)

21 (20.6%) 18 (17.7%) 8 (7.8%) :|
15 (15.3%) 7 (7.1%) 1 (1.0%)

Number of patients (%). Pain scores are 0 = none; 1 = discomfort; 2 = mild pain; 3 = moderate pain; and 4 = severe pain. *P < 0.01

between the groups.

Statistics

Differences between groups with respect to age,
weight, height, male /female ratio, ASA I-II distribu-
tion, and pain scores were analyzed by the unpaired t
test or the Mann-Whitney U test. Comparison of
bradykinin or C3a concentration between the saline,
LCT propofol and LCT/MCT propofol groups was
analyzed by the Kruskal-Wallis test with Bonferroni
correction. Results are expressed as mean = SD
(range) or number of patients. P < 0.05 was consid-
ered significant.

Results

Comparison of injection pain

The LCT and LCT/MCT propofol groups contained
102 patients and 98 patients, respectively. They were
similar in age (53 + 16 (18-83) »s 49 = 16 (18-83)
yr), weight (57 = 11 (32-91) »s 58 = 10 (40-80) kg),
height (157 + 9 (141-185) »s 160 = 9 (129-183)
c¢m), male /female ratio (35 /67 vs 45/53), and ASA
I-II distribution (41/61 »s 48,/50). There was a sig-
nificant difference in the pain scores between groups,

showing a lower incidence of injection pain in the
LCT/MCT propofol group (Table).

Bradykinin generation and complement activation
The age, weight and height of the volunteers were 32
+ 7 (21-48) yr, 60 = 11 (43-80) kg and 162 + 9
(147-176) cm, respectively. Seven volunteers were
male and six were female. The result of bradykinin
measurement showed that the concentration in the
LCT and LCT/MCT propofol samples was signifi-
cantly higher than in the saline sample. Also, the result
of C3a measurement showed that the concentration in
the LCT and LCT/MCT propofol samples was sig-
nificantly higher than in the saline sample (Figure).

Discussion

The reason why propofol causes pain on injection was
considered in our previous study using nafamostat
mesilate, a kallikrein inhibitor, as follows: the lipid sol-

vent (LCT) for propofol activates the plasma
kallikrein-kinin system during injection, generating
bradykinin that causes hyperpermeability of the vessel
and thus dilates the injected local vein. As a result,
there is increased contact between the aqueous phase
propofol and the free nerve endings of the vessel,
resulting in aggravation of propofol-induced pain.?
When bradykinin generation is reduced by the phar-
macological effect of nafamostat mesilate, the propo-
fol-induced pain is decreased. Alternatively, the
decrease in pain when using LCT/MCT propofol is
considered to be attributed to the lipid solvent that
decreases the propofol concentration in the aqueous
phase.!271> Association between the aqueous phase
propofol concentration and injection pain has also
been reported in some studies.?®?* Thus, it is possible
that a reduction in either bradykinin generation or the
aqueous phase propofol concentration decreases the
pain on injection with propofol.

The results obtained from the present study indi-
cate that LCT/MCT propofol causes less pain on
injection than LCT propofol. In the bradykinin or
C3a measurement, we aspirated blood into each test-
ed solution at a ratio of 2:1, followed by 20 sec of
shaking, a procedure which is in accordance with our
previous reports.®!” By mixing blood with propofol at
this ratio, bradykinin and C3a levels increase about
twofold. However, because an actual mixing ratio in
the clinical setting is unknown, these increases were
assumed to serve as reference. Both the LCT and
LCT/MCT propofol were associated with a twofold
increase of bradykinin levels, compared with saline
control, suggesting that both products have the same
effect on bradykinin generation. Thus, the reason for
decreased injection pain with use of LCT/MCT
propofol is most likely attributed to its lipid solvent
characteristic that reduces the aqueous phase propofol
concentration. Since bradykinin generation occurs
similarly with both propofol products, injection pain
with use of LCT/MCT propofol may be further
decreased when it is co-administrated with nafamostat
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FIGURE Bradykinin and activated complement 3 (C3a) concen-
trations when blood is mixed with the saline, long chain triglyc-
eride (LCT) emulsive propofol or long-medium chain triglyceride
(LCT/MCT) emulsive propofol. Values are mean + SD. » = 13.
*P < 0.01 between the groups.

mesilate or lidocaine, by reducing the bradykinin gen-
eration.?3! Further studies to explore this hypothesis
may be needed.

The lipid solvent of LCT/MCT has been used
widely for parenteral nutrition and is recognized as a
safe caloric substrate, showing rapid lipometabolism,
no adverse effect on liver function and a lower adverse
effect on the immune and reticuloendothelial systems
compared to LCT.2>28 The lipid solvents generate
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bradykinin probably because of their negative charge,?
which may explain the similar physiological properties
observed with both LCT and LCT/MCT.

Regarding complement activation by propofol, it
has been reported that its lipid solvent (LCT) activates
the plasma complement system, by which complement
3 is activated and C3a is released.!” The present study
comparing C3a concentrations with use of LCT and
LCT/MCT propofol revealed that propofol in both
solvents activated complement 3 similarly, suggesting
that both lipid solvents have the same effect on com-
plement activation. Although the clinical relevance of
complement activation by propofol is not clear,!” the
possibility of the occurrence of complications such as
pulmonary edema should be considered.?**° So far,
however, no reports have shown the occurrence of
pulmonary edema with use of LCT/MCT propofol.

In conclusion, LCT /MCT propofol causes less pain
on injection compared with LCT propofol. Bradykinin
generation and complement activation are similar with
use of both the LCT and LCT/MCT propofol. Thus,
the reason for less pain on injection with LCT/MCT
propofol is most likely attributed to a decreased con-
centration of propofol in the aqueous phase.
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