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Abstract scores have been reported to be lower with LC than with
Background:Endogenous morphine in the brain leads toopen cholecystectomy [2, 5].

various biological responses after surgery. The aim of this Sympathetic nerve stimulation by pain is a stress that
study was to determine whether morphine levels in thecreates acute phase responses after surgery, which may be
plasma would be enhanced by open laparotomy rather thamarmful to surgical patients [14]. In fact, fentanyl analgesia
by laparoscopic procedures. can block elevation of stress hormone levels compared with
Methods:We compared 19 patients who underwent laparopentobarbital anesthesia in traumatized rats [18] and with
scopic cholecystectomy with five patients who underwentconventional anesthesia in patients with esophagectomy
resection of the gallbladder by open laparotomy. Morphing19]. Furthermore, Anand et al. [1] reported that sufentanil
levels in the plasma were measured by an electrochemicalnalgesia reduced surgical complications after cardiac sur-
detection system. gery in neonates. However, the mechanism by which pain
Results: Postoperative endogenous morphine levels werénitiates the acute phase response in the central nervous
higher with open laparotomy than with the laparoscopicsystem is still unclear.

technique (three h after surgery: open, 200 + 52.6 fmol/ml  We have previously shown that intracerebroventricular
vs laparoscopy, 17.6 + 3.p,< 0.01). This morphine eleva- (ICV) injection of TNF« causes an increase in glucose
tion accounted for higher levels of cytokine, greater painproduction [15]. This altered glucose metabolism was at-
scores, and longer duration of fasting in open laparotomizettributed to an increase in endogenous morphine levels in the
patients than in laparoscopic cholecystectomy patientsbrain associated with an increase in ACTH, corticosterone,
Stress hormone levels in the plasma were also higher withnd catecholamine levels in the plasma [15]. Similar to the
open laparotomy than with laparoscopy. ICV injection of TNF-«, Molina et al. [10] reported that
Conclusion:Morphine synthesis was enhanced by open lapICV injection of morphine caused an increase in the stress
arotomy, resulting in greater biological response postoperahormone levels in the plasma, resulting in an elevation of
tively than that seen with laparoscopic cholecystectomy. glucose production. Taken together, these studies suggest
that morphine is involved in changes in the hormonal milieu
initiated by cytokine as a second messenger. In addition,
IJVIoIina et al. [11] reported that morphine levels in the brain
but not in the plasma were increased in fasting rats. These
results prompted us to determine whether endogenous mor-
phine levels in the plasma after cholecystectomy were lower
with laparoscopic procedures than with open laparotomy,

A significant advantage for laparoscopic cholecvstectomP€Cause pain scores are higher and the fasting period is
il v g B b 4 ){z)nger [4] with the open procedure than with LC.

(LC) is a shorter hospital stay than that required after con-
ventional open cholecystectomy [4]. The main reasons for
the earlier recovery with LC are a less acute phase respon
and less pain than is experienced with open surgery. Indeed,

postoperative interleukin-6 levels in the plasma and pairrhe subjects were 24 patients with cholecystolithiasis who were scheduled
for routine laparoscopic cholesystectomy, because none of these patients
preferred the open technique to LC. There was no evidence of cholecystitis
E— based on leukocyte count and C-reactive protein levels in the plasma at
Correspondence tdS. Yoshida their admission to our hospital (data not shown). The ethics committee of
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Table 1.Patient profiles and pain scofes ACTH kit; Nippon Medics Inc., Tokyo, Japan), and cortisol was measured
by a gamma coat cortisol kit (Baxter Travenol, Inc., Tokyo, Japan), as
Open described previously [20]. IL-6, IL-1ra, and sTNFr-l concentrations were
laparotomy Laparoscopy measured by ELISA, using kits for the measurement of human IL-6, IL-
1ra, and sTNFr-I, respectively (R & D Systems, Inc., Minneapolis, MN,

n (male/female) 5 (3/2) 19 (10.9) USA).
Body weight (kg) 60.0+4.3 58.3+105 Morphine levels in the plasma were measured according to the modi-
Total protein levels (g/dl) 75+0.1 7.4+0.2 fication of the two previously published methods [8, 12]. Briefly, j20of
Albumin levels (g/dl) 37+01  3.8+02 1 N NaOH and 1251 of 1 N NaHCO, were added to 1 ml of plasma.
Duration of operation (min) 126 +16 11527 Then, 1-butanol and benzene (15:85) was added to the aliquot and vortexed
Time to resume oral intake after surgery () 36.0+9.6 15.424.8 for 1 min. The organic layer was collected, dried, and reconstituted with the
Pain score (postoperative day 1) 3.8+0.4 3.1£0.2 mobile phase buffer (15Ql) and filtered (LCR13-LH; Millipore Japan
Pain score (postoperative day 2) 3.0+£0.2 1.8£0.2 Inc., Osaka, Japan). Eighty microliters of this aliquot was injected into a
coulometric analytical system equipped with an L-7100 pump (Hitachi
Data expressed as mean + SEM Inc., Tokyo, Japan), an MCM column (ODSp3n, 4.6 $x 150 mm; MC
@p < 0.05 vs the open laparotomy group Medical Inc., Tokyo, Japan), a recorder (Chromelon Chromatography Data

Systems; Gynkotek HPLC Inc., Munich, Germany), and an electrochemi-
cal detector (Coulochem 11 5200 A; ESA Inc., Bedford, MA, USA) with a

. . . . 5022 guard cell and a 5011 analytical cell (ESA Inc.).
the Kurume University Hospital approved the experimental protocol to

collect blood from the patients over sequential periods, and written in-
formed consent was obtained from all the patients.

The laparoscopic approach with pneumoperitoneum was attempted, b@&tatistical analysis
five of 24 patients were converted to open laparotomy due to adhesive
changes around the gallbladder caused by previous inflammation. In tw: i .

; 3 ; ata are presented as mean * SE. Statistical analysis of the data was done
paterts, oo adhesns sround e el e e
had accidental bleeding during dissection of the adhesive tissues of the etric analysis, respectively, using Statview 412 applied by Abacus_ Con-

’ : .cepts (Berkeley, CA, USA). Differences between means were considered
gallbladder. Thus, a total of 19 patients were enrolled in the laparoscopi

group. The patient profiles on age, plasma total protein levels, plasm o be significant ap < 0.05.
albumin levels, and body weight were identical for the two groups, and the
duration of surgical procedures was equivalent for the two groups (Ta-
ble 1).

The same anesthetic technique was used for all patients. After overl-:zesur[S
night fasting, the patients were premedicated with a 25-mg muscular in+ _. L . . .
jection of hydroxyzine hydrochloride (Pfizer Pharmaceutical Co., Fukuoka,P@iN scores were significantly lower in LC patients than in
Japan) and 0.5 mg of Atropine sulfate (Tanabe Pharmaceutical Co., Toky®P€n patients on postoperative days 1 and 2 (Table 1). Re-
Japai 2 h before surgery. The epidural catheter was placed by tapping thesumption of oral intake after the surgery was earlier with LC
thoracic ve_r_tebrae between 9 a}nd 10, and 0.5% of marcain was injected ﬂéatients than with open Iaparotomy patients (open; 36.0 +
mg/kg; Fujisawa Pharmaceutical Co., Tokyo, Japan) when necessar)g 6hvsLC 15.4 +4.8p< 0 05) (Table 1)
There were no differences between the two groups in the amount of bu=* T P ’ ’ .
pivacaine used during the surgical procedures (open, 0.26 +0.12 mgvs LC; Adrenocorticotropic hormone (ACTH) levels in the
0.22 + 0.06, n.s.). Anesthesia was induced by intravenous injection oplasma were higher with open laparotomy patients than with
isozol (Yoshitomi Pharmaceutical Co., Osaka, Japan) and maintained usingC patients both immediately after the cholecystectomy

end-tidal isoflurane (Dainippon Pharmaceutical Co., Tokyo, Japan) an . + . + >
50% nitrous oxide in oxygen. No differences were found between the twgopen’ 643.0 £ 241.0 pg/ml vs LC; 156.0 + 325 0.05)

groups in the amount of gas anesthesia inhaled (nitrous oxide: open, 468(_+Tab|e 2) ad 3 h after surgery (QP(?”J 2114-0 +61.1 pg/r_nl Vs
196 ml vs LC; 370 + 122, n.s.; isoflurane: open, 76 + 36 ml vs LC; 68 + 36.0 £ 17.5,p < 0.05). In association with ACTH, cortisol

24 ml, n.s.). Tracheal intubation was done by an i.v. injection of vecroniumlevels in the plasma were greater in open laparotomy than in
bromide (0.8 mg/kg), and neuromuscular block was maintained with ad{ ¢ patients &3 h after surgery (open; 683.0 + 381u3/d

ditional injections of vecronium bromide (0.2 mg/kg; Sankyo Pharmaceu- .
tical Co., Tokyo, Japan) when necessary. During the surgical procedurey,S LC; 171.2 + 42.5p < 0'05) (Table 2)' Both ACTH and

Ringer's lactate solution was infused through peripheral venous catheter@0rtisol returned to the normal range at 24 h after surgery in
at a constant rate of 10 ml/kg/h. both groups.
After the surgery, fluid infusion consisted of Ringer's lactate (20 ml/'  Open laparotomy caused a greater increase in IL-6 lev-

kg/day) and maintenance fluid plus 10% glucose (Physiosol-3; Yoshitoml(?|S in the plasma than LC at the end of surgery (open; 229

Pharmaceutical Corp., Osaka, Japan; 20 ml/kg/day). Pain management af- .
ter surgery was done by a continuous injection of 0.5% Marcain (0.0% 3.6 pg/mlvs LC; 13.8 + 1.7p < 0.05) (Table 2) and 3 h

mg/h) and a muscular injection of pentazocin (25 mg, Sankyo Pharmacefter surgery (open; 79.9 + 22.1 pg/ml vs LC; 26.2 + 7,
tical Co.) when necessary. More frequent injections of pentazocin were< 0.05). Similarly, IL-1ra and sTNFr-I levels in the plasma
;ﬁgtugitﬁda?érﬂtfeospfrgé?ﬁgﬁg?yLl%r8“+"1t2a5”nﬁg the L& E?‘ipsdgf,',’lg thevere significantly higher for open laparotomy than for LC
< 0.01). Neither morphine nor a ’related opiate was adrﬁinistered for p‘ailgltjr?:ryerrr? aosfszglraqtle(?rfswr]tha;tlsrlﬂi?é%g;y;na}rljdG ?:vglsaféeF;P
control. . - )

The first postoperative meal was given after the bowel flatus, and thdevels in the plasma were significantly higher in the open
period of taking the first meal was recorded. Postoperative pain scores weigroup than the LC group at 24 h after surgery (open; 90.5 +
evaluated through a questionnaire using a scale devised by Whaley a@l.l pug/ml vs LC; 22.4 + 16.4p < 0_05) (Table 2)_ Fur-

Wong [17] at 5pm on postoperative days 1 and 2. h hi | s in th | higher in th
Blood samples were collected from an antecubital vein in intervals adN€fmore, morphine levels in the plasma were higher in the

follows: at 8:00am prior to surgery, immediately after the surge®yh after ~ Open laparotomy patients than in the LC patients immedi-
the surgery, and 24 h after the surgery. ately after surgery (open; 96.3 + 28.7 fmol/ml vs LC; 29.4
Plasma concentrations of C-reactive protein (CRP), ACTH, cortisol,+ 7.0,p< 0_05) (Table 2)3 h after surgery (open; 2005 +

morphine, IL-6, IL-1 receptor antagonist (IL-1ra), and soluble TNF recep-
tor-1 (STNFr-I) were measured. CRP was measured by enzyme immuno":_’z'6 fmol/ml vs LC, 17.6 + 3.7p < 0.01), and 24 h after

assay (Special Reference Laboratories Inc., Tokyo, Japan). The plasn®rgery (open; 114.7 + 26.0 fmol/ml vs LC; 22.7 + 1005,
concentration of ACTH was determined by radioimmunoassay (Alegro< 0.01).
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Table 2.The chronologic changes in plasma morphine, stress hormone, cytokine, and C-reactive protein levels in patients with open laparotomy
laparoscopic cholecystectomy

Group Preoperation At end of operation 3 h after operation 24 h after operation

ACTH (pg/ml) Open 6.7+15 643.5 + 241.0 214.0£61.1 70+1.2
Laparoscopy 85+1.2 156.0 £ 32.5 36.0+17.5 8.2+1.0

Cortisol (wg/dl) Open 13.8+1.8 262+1.4 30.0+2.4 21.7+2.7
Laparoscopy 12.3+£1.0 20.7+3.2 21.3+4.2 16.7+5.8

STNFR-I (pg/ml) Open 1,355.1 +75.7 2,516.6 £449.7 3,751.0 £ 343.0 2,878.4 £ 240.5
Laparoscopy 1,249.0 + 130.6 1,602.7+174.1 1,923.1+196.2 2,045.2+£232.3

IL-1ra (pg/ml) Open 318.4 £133.6 659.0 £ 340.0 2,381.2+191.8 963.7 £367.1
Laparoscopy 223.1+21.4 296.7 +52.7 487.6 +85.2 255.1+38.%

IL-6 (pg/ml) Open 96+1.1 22.2+3.6 79.9+22.1 20.1+1.9
Lapaproscopy 8.0+0.6 13.8+ 2.7 262+ 2.7 17.7+35

CRP (g/ml) Open 3.0+0.7 41+24 11.4+8.2 90.5+21.1
Lapaproscopy 3111 3.4+0.9 98+7.5 224+ 16.4

Morphine (fmol/ml) Open 6.5+1.7 96.3 +28.7 200.5+52.6 114.7 £ 26.0
Laparoscopy 8.2+3.7 29.4+ 70 17.6 3.7 22.7+10.8

Data expressed as mean + SEM
2p < 0.05 vs the open laparotomy group
P p < 0.01 vs the open laparotomy group

Discussion from cytokines in the brain, because cytokines are not only
synthesized in the brain [7] but can also reach the brain
In the present study, IL-6 levels were lower following LC through the blood/brain barrier [3]. Furthermore, TNF-
than with open laparotomy. This finding was associatednjection into the intracerebroventricular space causes a sig-
with lower levels of CRP in the LC group, suggesting thatnificant increase in morphine levels in the brain [15]. Mo-
the conversion from LC to open and the open cholecystedina et al. [11] demonstrated that fasting causes an increase
tomy enhanced the acute phase response rather than the kmorphine levels in the brain, but they did not observe a
procedure alone. Furthermore, IL-1ra concentrations insignificant increase in morphine levels in the plasma.
creased following open cholecystectomy but not with the  |n the present study, however, morphine levels in the
LC procedure. Similar to our data on IL-1ra, Pruitt et al. plasma were increased with the open procedure but not the
[13] reported that IL-1ra levels in plasma were greater inLC. One reason for this increase in morphine in the plasma
patients who underwent abdominal aneurysm repair angvas probably a greater cytokine production in the brain
surgical resection for inflammatory bowel disease than inand/or the entry of more cytokines into the brain from the
patients who had laparoscopic cholecystectomy. In additioRystemic circulation [3]. Another reason is that higher pain
to the increased levels of IL-1ra in the plasma, STNFr-1 wasscores were recorded for patients undergoing open rather
also higher with the open procedure than with the LC in thethan LC, even though the open group patients had more
present study. We previously reported that transthoracoalpentazocin than LC group. In addition, oral intake was be-
dominal esophagectomy caused a greater increase un within 24 h after LC, but the patients in the open group
STNFr-I levels in the plasma and that it was associated withere still fasting on i.v. therapy 24 h after surgery. Thus,
much greater excretion of STNFr-1in the urine than is seenhese three combined factors probably contributed to higher
following gastrectomy [19]. Taken together, these data suglevels of morphine in the plasma for the patients in the open
gested that IL-1ra and sTNFr-I levels in the plasma reflecigroup at 24 h after the surgery.
the severity of surgical trauma, as does IL-6. Thorell et al. [16] have reported that insulin sensitivity
Karayiannakis et al. [5] reported that peak levels ofis impaired by open surgery but not by LC. Morphine in-
ACTH and cortisol were equivalent for LC, and the openjection into the intracerebroventricular space enhanced the
procedure. Contrary to their report, peaks of ACTH andexcretion of such anti-insulin hormones as epinephrine and
cortisol levels in the present study were higher with thecortisol, resulting in an increase in glucose production.
open than with the LC. This is probably because of theThus, an increase in morphine levels in the plasma with
attempt at laparoscopic cholecystectomy that preceded op&pen cholecystectomy may explain how insulin resistance
laparotomy in the present open group. Hence, the conveipceurs with open surgery rather than LC.
sion procedure from LC to open laparotomy may enhance |n summary, morphine levels in the plasma were el-
acute phase response more than open laparotomy alone.evated by open laparotomy because of higher cytokine pro-
The most important finding of this study was an eleva-duction, higher pain scores with open surgery than with LC,
tion of morphine levels in the plasma in the open group butand fasting in the open group, resulting in higher ACTH and

not in the LC group. Endogenous morphine is excreted ircortisol levels in the plasma of the open group.
the discretion area of brain and pancreas [6], while gluc-

uronidation from morphine to morphine-3-glucuronide and

morphine-ﬁ—glucuronid_e occurs in the liver and ki_dney [9]-Acknowledgmenfrhis study was supported by Japanese Ministry of Sci-
Morphine in the brain is probably produced by stimulationence, Sports, and Culture grant in aid for scientific research (C)(2)37104.



140

References

1.

10.

Anand KJ, Hickey PR (1992) Halothane-morphine compared with

high-dose sufentanil for anesthesia and post-operative analgesia ih2-

neonatal cardiac surgery. N Engl J Med 326: 1-9

. Glaser F, Sannwald GA, Buhr HJ, Kuntz C, Mayer H, Klee F, Herfarth
C (1995) General stress response to conventional and laparoscopfe3-

cholecystectomy. Ann Surg 221: 372-380

. Guitierrez EG, Banks WA, Kastin AJ (1993) Murine tumor necrosis

factor alpha is transported from blood to brain in the mouse. J Neu-
roimmunol 47: 169-176

. Joris J, Cigarini I, Legrand M, Jacquet N, De Groote D, Franchimont
P, Lamy M (1992) Metabolic and respiratory changes after cholecys-14-

tectomy performed via laparotomy or laparoscopy. Br J Anaesth 69:

341-345 15.
. Karayiannakis AJ, Makri GG, Mantzioka A, Karousos D, Karatzas G

(1997) Systemic stress response after laparoscopic or open cholecys-
tectomy: a randomized trial. Br J Surg 84: 467-471

. Lee CS, Spector S (1991) Changes of endogenous morphine and co-

deine contents in the fasting rats. J Pharmacol Exp Ther 257: 647-650

. Liu L, Kita T, Tanaka N, Kinoshita Y (1996) The expression of tumor
necrosis factor in the hypothalamus after treatment with lipopolysac-17.

charide. Int J Exp Pathol 77: 37-44

. Mason JL, Ashmore SP, Attkenhead AR (1991) Simple method for thel8.

determination of morphine and its active glucuronide metabolite in
human plasma by high-performance liquid chromatography with elec-
trochemical detection. J Chromatogr 570: 191-197

. Merrell WJ, Gordon L, Wood AJJ, Shay S, Jackson EK, Wood M

(1990) Relative contributions of the liver and kidney to morphine
glucuronidation in the dog. Anesthesiology 72: 308-314

Molina PE, Hashiguchi Y, Ajmal M, Mazza M, Abumrad NN (1994)
Differential hemodynamic metabolic and hormonal effects of mor-
phine and morphine-6-glucuronide. Brain Res 664: 126-132

11.

19.

20.

Molina PE, Hashiguchi Y, Meijerink WJHJ, Naukam RJ, Boxer R,
Abumrad NN (1995) Modulation of endogenous opiate production:
effect of fasting. Biochem Biophys Res Commun 207: 312-317
Pawula M, Shaw PN, Barrett DA, (1994) Determination of codeine
and its metabolites in microsomal incubates by high-performance lig-
uid chromatography. J Chromatogr [B] 653: 106-111

Pruitt JH, Welborn MB, Edwards PD, Harward TRS, Seeger JW,
Martin TD, Smith C, Kenney JA, Wesdorp RIC, Meijer S, Cuesta MA,
Abouhanze A, Copeland EM lll, Giri J, Sims JE, Moldawer LL, Old-
enburg HSA (1996) Increased soluble interleukin-1 type 1l receptor
concentrations in postoperative patients and in patients with sepsis
syndrome. Blood 87: 3282-3288

Roisen MF (1998) Should we all have asympathectomy at birth? Or at
least preoperatively? Anesthesiology 68: 482-484

Shirouzu Y, Shirouzu K, Yoshida S (1998) Effect of fentanyl on
morphine levels in the brain in rats receiving intracerebroventricular
injection of TNF«. Am J Physiol 275: E635-640

16. Thorell A, Nygren J, Essen P, Gutniak M, Loftenius A, Andersson B,

Ljungqvist O (1996) The metabolic responses to cholecystectomy:
insulin resistance after open compared with laparoscopic operation.
Eur J Surg 162: 187-191

Whaley LF, Wong DL (1987) Nursing care of infants and children. 3rd
ed. CV Mosby, St. Louis, p 1070

Yoshida S, Hashimoto M, Yamasaki K, Kaibara A, Shirouzu Y, Kak-
egawa T, Shirouzu K (1996) Effect of fentanyl citrate analgesia on
glucose production following trauma in rats. J Surg Res 61: 537-542
Yoshida S, Noake T (1995) The production of cytokines and their
antagonists after esophagectomy. lgakunoayumi 174: 889-892 (in
Japanese)

Yoshida S, Noake T, Tanaka Y, Ishibashi N, Shirouzu Y, Shirouzu K,
Kakegawa T, Stein TP (1996) Effect of fentanyl citrate anesthesia on
protein turnover in patients with esophagectomy. J Surg Res 64: 120—
127



