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Pentoxifylline does not affect nociception if administered postopera-
tively. A.M. SZCZEPANIK, J. WORDLICZEK, W. SEREDNICKI, M. SIED-
LAR, A. CZUPRYNA. Pol. J. Pharmacol., 2004, 56, 611–616.

Proinflammatory cytokines, such as tumor necrosis factor alpha
(TNF-�), interleukin-1 (IL-1) and interleukin-6 (IL-6), act as mediators of
post-injury inflammation and increase pain sensitivity. Pentoxifylline (PTX)
has the property of inhibiting TNF-�, IL-1, and IL-6 production. Previous
studies revealed that the pre-injury or preoperative administration of PTX in-
hibited consequent hyperalgesia or postoperative pain. The aim of the study
was to determine, if postoperative PTX administration affects postoperative
pain. A group of 40 patients undergoing laparotomic cholecystectomy re-
ceived postoperatively PTX at 10 mg/kg or placebo directly after the termi-
nation of general anesthesia. There were no differences in postoperative
pain, analgesic drug requirement or TNF-� and IL-6 serum levels between
the groups.
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Abbreviations: cAMP – cyclic adenosine mono-
phosphate, CGRP – calcitonine gene related pep-
tide, IL-1 – interleukin 1, IL-6 – interleukin 6, IL8
– interleukin 8, PCA – patient-controlled analge-

sia, PTX – pentoxifylline, TNF-� – tumor necrosis
factor alpha, VAS – visual-analogue scale

INTRODUCTION

The flow of perioperative nociceptive informa-
tion occurs in two phases [8]. Phase I is directly re-
lated to nociceptive stimulation that accompanies
tissue injury during the operation, whereas Phase
II, emerging after the operation, is the result of in-
flammatory response in the injured tissues and is
caused by Phase I-induced changes in nociceptive
structures of the nervous system. Tissue injury
causes the release of inflammatory reaction media-
tors, such as cytokines: tumor necrosis factor alpha
(TNF-�), interleukin-1 beta (IL-1�), and inter-
leukin-6 (IL-6). These cytokines cause the activa-
tion and release of pain reaction mediators, such as
bradykinin and calcitonin gene related peptide
(CGRP). Such an inflammatory response causes
posttraumatic hyperalgesia. The increased produc-
tion and release of cytokines is well documented
and analyzed as a reaction to operation-induced in-
jury [6]. It applies not only to major surgical proce-
dures but also to local or restricted ones. These ob-
servations have triggered attempts to modify in
pre-clinical and clinical studies the production of
cytokines as modulators of post-injury or postope-
rative hyperalgesia. Pentoxifylline (PTX) is a non-
specific phosphodiesterase inhibitor and has the
property of blocking TNF-� gene transcription.
Moreover, PTX inhibits the synthesis of IL-1�,
IL-6 and interleukin-8 (IL-8). [3, 7], probably by
elevating the level of cyclic adenosine monophos-
phate (cAMP) in the cells. The well-known safety
profile of PTX allows for its use in clinical studies.
Additionally, earlier studies determined that the use
of PTX to induce preemptive analgesia, even before
nociceptive stimulation occurs, impacted both
phases of nociceptive information flow. Results of
experimental and clinical studies have confirmed
antinociceptive action of PTX administered in this
way [7]. The antinociceptive mechanism consists
primarily in inhibiting of the expression of pro-
inflammatory cytokines. However, doubts remain as
to whether PTX administered directly after a surgi-
cal procedure in order to inhibit Phase II changes in

nociceptive structures of the nervous system affects
the development of the postoperative nociception
process. An attempt to find answers to the above
question is the objective of the present study.

MATERIALS and METHODS

The study involved 40 laparotomic cholecystec-
tomy patients in the I Department of General and
Gastrointestinal Surgery, Collegium Medicum, Jagiel-
lonian University in Kraków. There were no statisti-
cally significant differences between the groups in gen-
der distribution, age, body weight, and surgical pro-
cedure duration. Patients with severe concomitant
diseases and patients with active inflammatory di-
sease were excluded from the study. Patients were
radomly divided into two groups: study group and
control group.

Patients in the study group (n = 20) were only
given slow intravenous (iv) infusion of 0.9% NaCl
60 min before incision, and directly after the termi-
nation of general anesthesia (waking-up) they were
given a 30-minute iv infusion of PTX at doses of
10 mg/kg in 100 ml of 0.9% NaCl. Control group
patients (n = 20) were given a slow infusion of
100 ml of 0.9% NaCl both before and after general
anesthesia.

The study was conducted after the agreement of
the Ethics Commission for Clinical Research, Colle-
gium Medicum, Jagiellonian University in Kraków
(KE/6/8/KI/97).

All patients (40) were premedicated with
pethidine (1 mg/kg) and atropine sulfate at doses
between 0.5–1.0 mg, 45–60 min before induction
to general anesthesia. General anesthesia was in-
duced with 1 mg pancuronium and 100–200 �g of
fentanyl. Then the patients were given etomidate at
a dose of 0.3 mg/kg. Tracheal intubation was per-
formed under a relaxant, chlorsuccinilldicholine,
used at doses between 1.0–1.5 mg/kg. Following
intubation, the patients were attached to the appara-
tus for maintaining anesthesia and mechanically
ventilated with a mixture of 33% oxygen (O�) and
66% nitric dioxide (N�O). During the operation, an-
algesia was potentiated using fentanyl at fractional-
ized doses (100–200 �g), while muscle relaxation
was maintained by repeated doses of pancuronium
(1–2 mg). Following the operation, the neural-
muscular block was reversed in a typical way (pol-
stigmine 1–2 mg). Any patient participating in the
study was given opioid antagonists.
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After the operation, the patients were trans-
ported to the recovery room. Postoperative patient
controlled analgesia (PCA) system was allowed for
extubated conscious patients, who were able to ful-
fill simple instructions, were aware of time and
place, and had no respiratory or circulatory prob-
lems.

Breathing was assessed by means of volumetric
examination and patient’s ability to breath deeply,
whereas the cardiovascular system condition was
evaluated by measuring arterial blood pressure (in-
direct method) and the heart rate. Results within
± 20% of preoperative readouts were assumed to be
safe.

The patients were constantly supervised by
physicians and nurses in the Perioperative Medi-
cine and Anesthesiology Ward. At that time, the
following values were measured: oxygen concen-
tration in arterial blood (pulse oxymetry), heart
rate, and breathing rate. ECG and changes in the
blood pressure were monitored at short intervals
(15–30 min).

After independent activation of PCA, patients
in both groups were given 20 mg of iv pethidine in
2 ml of 0.9% NaCl, while the PCA refraction pe-
riod (i.e. the period of system inactivity after last
activation) was 10 min. The total dose of pethidine
was set at 200 mg/3 h. Systems PCA Graesby –
3300 PCA pump and Braun Perfusor Fm were used
in the study.

The following parameters were assessed:
– change in postoperative pain intensity (using

the visual-analogue scale, VAS) at specified
time intervals: VAS R – the first readout of pain
intensity according to VAS performed at the
moment of the first PCA activation by the pa-
tient, VAS 4 – 4 h after the first incision, VAS 8

– 8 h after the first incision, VAS 12 – 12 h after
the first incision, VAS 24 – 24 h after the first
incision;

– requirement for analgetics in the early postope-
rative period (24 h) as the number of pethidine
doses given to the patient via PCA, the number
of attempts to activate the system during the refrac-
tion period and the total pethidine requirement;

– mean arterial blood pressure, mean heart rate
and oxygen concentration in capillary blood
measured by pulse oxymetry in the early post-
operative period at 1, 4, 8, 12 and 24 h, respec-
tively, after the operation. Maximum values of
these parameters were also assessed;

– the level of TNF-�, IL-6 in blood serum in the
early postoperative period measured at speci-
fied time intervals at 4, 8, 12 and 24 h after the
completion of surgery;

– the incidence of undesirable symptoms.
The obtained results were then subjected to sta-

tistical analysis (ANOVA) using the statistics pack-
age Kwiksat 3.3 and the Statistica 5.0 PL pro-
gramme.

RESULTS

Postoperative pain

PTX administered as an iv infusion at doses of
10 mg/kg after the termination of general anesthe-
sia had no impact on pain intensity in the early
postoperative period in comparison with the values
measured in the control group. No statistically sig-
nificant differences in mean pain intensity meas-
ured using VAS were observed at any time points
(Fig. 1).

Analgesic requirement in the early postoperative

period

In the group of patients who received PTX, the
mean number of pethidine doses within 24 h after
the surgery was 14.7 (± 1.6 mg), whereas in the
control group it was 15.2 (± 2.9 mg). There were
4.4 (± 1.8 mg) attempts to activate the PCA system
during refraction in PTX patients, which demon-
strated incomplete control over pain, whereas the
respective value in the control group was 4.2 times
(± 1.9 mg). The mean total pethidine requirement
within 24 h for PTX patients was 305.2 ± 78 mg,
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Fig. 1. The influence of iv pentoxifylline (PTX) at doses of
10 mg/kg after the termination of general anesthesia on postop-
erative pain intensity – VAS score. The results are presented as



whereas for the control group it was 298.3 ± 83 mg
(Fig. 2). No statistically significant differences in
any of the parametres under study between the
groups were noted, which, in connection with pain
intensity observations on the VAS demonstrates
comparable level of hyperalgesia in both groups of
patients.

Changes of basic hemodynamic parameters in

the early postoperative period

Mean values of arterial blood pressure in the PTX
group varied between 74 and 86 mmHg, whereas the
control group showed 76– 84 mmHg. No patient
showed a drop in systolic blood pressure below
95 mmHg or elevation above 165 mmHg. No dif-
ferences between the groups were observed in
mean heart rate read at appropriate time intervals,
or episodes of hemodynamically significant tachy-
cardia or bradycardia. Likewise, no drop in oxygen

saturation of capillary blood was observed as meas-
ured through pulse oxymetry. Mean saturation
ranged from 96.8 and 98.2%, whereas the lowest
recorded values were 92% in the PTX group and
91% in the control group.

Changes in cytokine levels in the early postopera-

tive period

Measurement of TNF-� levels in patients’
blood serum showed that 4 h after the start of the
operation, it was below 10 ng/ml in both studied
groups. At 8 and 12 h TNF-� levels increased,
whereas at 24 h the values dropped (Fig. 3). No sta-
tistically significant differences in mean TNF-�
levels between the groups were observed. Similar
dynamics of the changes in serum IL-6 level was
observed. Likewise, no statistically significant dif-
ferences between the groups were observed in
mean blood serum levels of this cytokine (Fig. 4).

Undesirable symptoms

Postoperative iv administration of PTX at doses
of 10 mg/kg did not increase the incidence of the
most frequent undesirable symptoms, such as nau-
sea, vomiting and drowsiness, as compared with
the control group. No patients developed postope-
rative complications.

DISCUSSION

Cytokines, substances that regulate the cellular
interactions of the immune system also play an im-
portant part in the regulation of the nociceptive
processes. Tissue injury or an inflammatory response
triggers the release of inflammatory mediators
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Fig. 2. The influence of iv pentoxifylline (PTX) at doses of
10 mg/kg after the termination of general anesthesia on total
pethidine requirement in the early postoperative period. The
results are presented as the mean values ± SD
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Fig. 3. The influence of iv pentoxifylline (PTX) at doses of
10 mg/kg after the termination of general anesthesia on changes
of TNF-� levels in the blood serum in the early postoperative
period. The results are presented as the mean values ± SD
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Fig. 4. The influence of iv pentoxifylline (PTX) at doses of 10
mg/kg after the termination of general anesthesia on changes
IL-6 in the blood serum in the early postoperative period. The
results are presented as mean the values ± SD



(such as hydrogen, potassium ions, ATP, substance

P, bradykinin, histamine, serotonin and prosta-

noids), which induce pain information [8]. In ex-

perimental studies, peripheral administration of

IL-1, IL-6 and TNF-�, causes changes analogous

to inflammatory response to an injury [2, 5].

A similar situation can be observed postoperatively

in people. Surgery-induced injury causes the re-

lease of cytokines that modulate not only the pro-

cesses of pain perception, but also the body me-

tabolism, temperature, activity of the immune sys-

tem and healing processes. As demonstrated

earlier, the inhibition of cytokine production in re-

sponse to an injury results in the reduced postope-

rative pain in people and reduced post-injury hy-

peralgesia in an animal experimental model [7].

However, in most studies, pro-inflammatory cyto-

kine production can be modulated by influencing

the immune system cells before the injury actually

occurs [1, 4, 7, 8]. The injury activates a cascade of

phenomena, whose development and consequences,

to a limited extent, can be influenced by substances

affecting cytokine production. The classic model of

cholecystectomy was chosen due to well-documented

earlier observations of body response to injury, in-

cluding the cytokine response [3]. PTX that has no

specific analgesic activity was used, as a non-

specific cytokine production inhibitor. In earlier

studies by the same research team, it was shown

that preoperative PTX treatment reduced the post-

operative production of TNF-� and IL-6 and re-

duced the intensity of hyperalgesia. The model is

easy to obtain both under laboratory conditions and

planned surgical procedures. However, in emergen-

cies or post-accident surgeries, preemptive analge-

sia may not be an option. Therefore, the aim of the

present study was to determine whether PTX ad-

ministration after the occurrence of an injury inhib-

its the process of nociception.
PTX was used at doses analogous to those as in

the preemptive analgesia model [7]. For ethical rea-

sons, in clinical studies postoperative pain intensity

cannot be measured without the use of analgesics.

Consequently, the PCA model was employed for

the study, which allows for an objective compari-

son of analgesic doses administered by patients in

respective groups. Subjective assessment of post-

operative pain intensity demonstrated that pain in-

tensity was similar in both patient groups. At the

same time, doses of analgesics did not differ sig-

nificantly between the groups, which confirmed the
lack of PTX influence at the doses under examina-
tion on the development of hyperalgesia. Contrary
to these findings, preoperative PTX given at the
same doses reduced pethidine requirement by 28%
[7]. The assessment of postoperative blood serum
TNF-� and IL-6 levels, respectively, did not show
any statistically significant differences between the
groups. The results obtained in this study were
similar to the values noted in patients who under-
went classic cholecystectomy, in whom no cyto-
kine production modifiers were administered. In
studies quoted before, statistically significant re-
duction of serum cytokine levels was observed in
the patients who were given preoperative PTX.
These observations confirm the theory, suggesting
that it is possible to modify development of postop-
erative hyperalgesia by the modification of cytokine
response to surgical trauma. The use of PTX in the
early postoperative period did not cause any side
effects.

In conclusion, it needs to be underlined that the
use of postoperative PTX did not affect the devel-
opment of hyperalgesia in the early postoperative
period. Absence of such an effect should be related
to unchanged production of pro-nociceptive pro-
inflammatory cytokines.
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