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Analgesic Effects of Intraperitoneal Morphine, Nalbuphine,
and Ketorolac on the Formalin Test in Rats
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Background: The antinociceptive effect and the potency of systemically administered morphine( z
-agonist), nalbuphine(agonist-antagonist), and ketorolac(cyclooxygenase inhibitor) was examined in rats
using the formalin test.

Methods: Male Sprague-Dawley rats(250~300 g) received intraperitoneal injection of either saline
or 3 doses of each test drug(0.3, 1.0, 3.0 mg/kg of morphine, 0.3, 1.0, 3.0 mg/kg of nalbuphine, and
10, 30, 100 mg/kg of ketorolac) 30 minutes prior to formalin injection. 50 ul of 10% formalin was
injected into the dorsal surface of the right.hindpaw after 1 minute of 4% halothane induction. The
construction of the dose-response curves and the determination of doses producing 50% maximum
possible effect(EDso) were computed.

Results: Intraperitoneal injection of morphine, nalbuphine and ketorolac resulted in the significant,
dose-dependent supression of both phases, but nalbuphine has a ceiling effect at high dose for analgesia
at the phase I of the formalin test. The rank order of relative potency in rats to the formalin test was
nalbuphine(1.16) > morphine(1) > > ketorolac(0.1) in phase I, morphine(1)> nalbuphine(0.61)> > keto-
rolac(0.02) in phase Ila, and morphine(1)>nalbuphine(0.57) > >ketorolac(0.03) in phase IIb.

Conclusion: Comparing the systemic analgesic potency, nalbuphine and ketorolac will be needed in
dosages 1.5 and 50 times that of morphine, respectively. These results suggest that ketorolac is not good
enough as a single analgesic drug in preemptive analgesia for major surgery. (Korean J Anesthesiol
1998; 35: 438 ~445)
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Fig. 1. Time course effects of intraperitoneally admi-
nistered three dosages of morphine in rats formalin test.
Data are represented as mean SEM. Mo = morphine.
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Fig. 2. Time course effects of intraperitoneally admi-
nistered three dosages of nalbuphine in rats formalin test.
Data are represented as mean SEM. Nal = nalbuphine.
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Fig. 3. Time course effects of intraperitoneally admi-
nistered three dosages of ketorolac in rats formalin test.
Data are represented as mean SEM. Keto = ketorolac.
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Fig. 4. Log dose-response lines for morphine, nalbuphine,
and ketorolac in rats formalin test. The data points
represent the percent maximum possible effect seen 30
min. after intraperitoneal administration of drugs. Data are
mean SEM.
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Table 1. Slope and EDso with 95% Confidence Interval(CI)

Phase 1 Phase Ila Phase IIb

EDs0(95%CI) slope(95%CI)  EDsy(95%CI)  slope(95%CI) EDso(95%CI)  slope(95%CI)
Morphine

0.44(0.1~1.8) 36.5(100~63.3) 0.74(04~1.5) 58.5(20.2~96.7) 1.63(1.1~2.5)  75.8(47.3~104.3)
Nalbuphine

0.38(0.8~137.7) 7.3(38.6~53.3) 1.22(0.7~2.0) 57.3(283~86.3) 2.87(1.3~6.3)  55.2(29.2~82.3)
Ketorolac

442(113~173.5) 45.9(6.7~85.0) 33.5(18.6~60.3) 482(183~78.1) 46.6(33.3~652) 64.3(43.6~85.1)

HFE-A19 ZFHQ Ao 23 Zo)3 phase I
© 4 Tx 9 A5 e g ol
S3urgozs A o Heapys2'® He4 =
Fg Agsle ABFAHR7T 2 A=A A 9
AAer] B A= S5t Ao =279
A& £ AHRA e 7HHE ENE, phase IollA e
Ad% C 459 A ¥4} vehts phase
Mol A4AQ C 452 Yo M YA
Yol }g Rualct 2l phase I Fte T
2 A4 U89 =Z7](magnitude)T= phase 1Hc} 8
A Fg Aolgtn o4E 4 vk 2t B 4
Y QAFoA FFHS AVl F phasedllA] Hls
A vehte Aol a7 o)d A4 @
A Axet PFuk-ge Z7lol Y EYX7t 6
2 3337 windup ol 23 2l 7
g Agsie AZ7 =ik

#H Puigse” A9 uBAAL o]§% for
malin testol} ] 2.5% 50 ul®] formalino] phase Ioi]A]
ABSt As A, zeEla CAHARE A A
2 FEH 9T phase Mol CAHRS Ad 479
HBANE Bt o] AsS) CHFO A=
formalin A} 158 F-oll vheh}z] Aj2Hs)A] phase I
olgt #edstAl =, o]§ A HeapyEd'™ a7 A
Tep o2 A 7 ARAFE] 840l HolE Beole
ZZ formalino] &3l 99 FIFHQU FEX ol
A% ez AAEQcl Formaling 25% ©]49]
FEMANE ZE $99 4499 2RE HUA
A Hedl,” 2 Agalde $5P5uee 3%
Ho g B3l morphine, nalbuphine, ketorolac®] %
% 3£ AT A G7HE wiEse Be o)

|q79 EXolnz RE ¥ AAHRY FEAE
fr=st3} 10%9] formaling A-g-3te] 7Hedt Aol
o AMAFTE FrEsAch

iAo g Fod® morphine® formalin test
Hh2-9] F dAE BF AARANEY ol HE
AgaFol 2834 CHR Uik sP, glutamate 5
Bolg A7 AgaFee 4o
WDR F#$-89 K+ AEE F7HIA"? 323 4
HE wrEold 84%E FEAFIA o =%
brain stemoljA] H:MA AT Hd& JAAF& bul-
bospinal pathway?] #4& F7HA FF& #HLA
7l ANE Uk HE SEAYES 4496
olHYAME FERE FARE of 2IAEL F F
Zofl AALH olHfAAel it Aol 23l
olx3 AFGo) iyt AFE Haxm gl

¥3H  u-agonist serotonine¥} prostaglandin E;9} 7
2 wiAAel] s Fx FAA F-EolA adenylate
cyclasez} €425 Ag Wl AXH, §
9} 7-agonfst%f HZ} A3 A Eoll 4 €] pro-inflammatory
substance ¥H| & Mt A U B o
FollAl morphineZ -§-%Foll w|#|3}ed phase I, HeilA]
2% ve 3A4E FLEAZFSEL 1 mgkg naloxoneo]]
o# Agde Wil Malmbergs-2"" 3 mglkg
2] morphined ¥|&l2 FAlslo] formalin test F b
Ale] F5uge] 25 Fise AF olu PGE:9
Byl7) Fadte AE Eastgon 1 mgkgd nal-
oxone2 2 Zg=slmz o]Zo] obHFA A &% 2
292 A8t

Nalbuphine> « &t u# &Aol Ay ago-
nist-antagonist 2. 4] supraspinal & 32} spinal x, -8A)

o



of g3t APH AF, A Ao} THFAA &
#& debick™ 44 delA 10 mg/70 kgo] nalb-
uphine2 morphine 10 mg/70 kg3 v|=& AE, & F
oAl A#AF JAT 2 o] g §FelAE o]- F
Y4 (equvalency)-> 7] x| nalbuphine- % A7}
£ vehdtx #9598 Ageld phase o)A
morphine2 EDso7} 0.44, nalbuphine-2- 0.38% e}y
o} YutHoZ phase 1 T3 ohekd A#st
H3xl3 9l+dl o]y formalin o7} halothanei}
22 FUHAARZ o HE =Y Fol o]FolA
5ol gk ghAbb-go] Ad Mol wte} chokal
A £849 4+ ) dBolch el o)k ofy =
o] QA7 . FYvHH Al wind-up ¥4l
g uA,” APFEo] $2E sl x2H
& wl formalinell SI% 5 WA} ooz AL
E749e o ERAAUL. #AT P EE gl
tamate?} -2 A1RAAG S0l FUvhHel =%
H Folle FAA AHAFZRE Fvl7t Z4HA
ok NMDA-evoked spreading depressione] #<)w}
ARl o) ARSA G Qe HoP? 1 oy
2 vlekgt 71 Zr}. Agonist-antagonistoll tH¥t nalox-
one®l AFAE =] A7 Y, LEFC my
kg/h)2] naloxone2 42} & agonisty JAlsh} A&
ZF0.16 mgkgmoll A « FEA diyt Zgas
7t gicke B3vh ok £ AfelAE 1 mgkg
naloxoneo} Z}z} 3 mg/kg morphine®} nalbuphine-g ¥
$ #BHoz sl AL ohiE SRz
g Aydy, aela JARAF 59 Holo % A
oz gze,

< nonsteroidal anti-inflammatory drugs(NSAIDs)
7b 43 FE AU ke Rel FHAEA
WA Aol % AR 8% modulation)ol
i3l prostaglandin®] Hgell thjA] @2 dFEo]
Asgslz glch. Prostaglandin B MFe] AdellA
CHFE AFW F A5 VFAIA wRAULY
£ FHolA HalA FAFelvt ILFES potassium
$-ool} superfusiondt FollE 3239} > o]sjoll
E 3 A¥ prostaglanding {5 H2 FYsle] T2
#A9g FESAY A9 prostaglandin F4 3
)} cyclooxygenase inhibitor7} formalin testof] 4] £}
TEAFNS S A AL VRPN F
WE)53 Yok B prostaglandin E7} B4 el

344 8] 39 : ¥z FEASH Formalin Test 443

A3 Adg wiA g2 e, o] £4
A 37HA7 AAW? 7} o}y e} = W JLG
X9} AgA 9 g Foe €8A YA ¥ =
& cyclooxygenase ZAdAE HF 2 Heguz ¥t
oitjel AAHeg FQ ¥ = HF WDRWF-F
Woll prostaglandin JA-S HA|F.oEZH formalindi]
g% FEuSE FEARGE AF Bash Jdob?
Malmberg 52" o]Zo] 49| prostaglanding] F
23 98¢ AN ok 31HA ketorolacg H]E
3 NSAIDs7} NMDAE ATz FAMA H4¢
H 5499 qbge AAlse AL BEsct. o
AL AZAAFI NMDAY MW #go] Ayl
B] prostancid® Z7}A7]E RAA & prostanocidr}
g FZARAEY] FEEA 2w ol TES
F7HA o8 felel= RS BulATlE A
=3k wpeld] olE ES WHESE dFurs
Asdgdez A7 F4HNE FLAFIeH 4R
a7t gl

B Aol ketorolac?] %7l phase IellA] 44.2,
phase IIa$} bell4] Z+z} 335, 46.6 mgkge & el
8l ol morphines] < 1/30~100¢] #F%ict.
Drower5-&*" prostaglandin 7 3} 3(SC-25469)8} ¥4
A M A(SC-19220)8] 4dld <7}§ formalin test2
d7stdA 5 kA7l 100~300 mg/kg B-FolA H
ARAE JeEbdg B B AYAAE keto-
rolacg 10, 30, 100 mghkg £Fg A8sld] F
phaseclA] £-3ol] wleldle AFARE Hlon R
AAge WA Zalgdcl

AE#4 22 morphine, nalbuphine, “L&] 3l ketorolac
< 2% &3] viERleg FFUE ALATIR
nalbuphine-& formalin test®] phase Ioll4] 188 Fof
A AAAIE vepdsitt. 971 morphine>>nal-
buphine > > ketorolac?] 4] & v}ello] ketorolac-2
morphineo)] vl A3 I d7E A A&
gag + sl

wtgtA] olHGAAe] FALAT RFALE Fo
71 1% AAIFEEA ] ketorolace £F FF FF
oz ALgsr] fiAde 35 ALEg OE 49
% fETe] £ Afo] Fodu AasEA £ A
£4] °o]F morphine} ketorolacZtel] o}l 4324
o] deAle v 477 9oy Ao



10.

11.

12.

13.
“and & agonists on thermally evoked cardiovascular

444 v EH A - A5 P A3 E 1998

B 8

. Woolf CJ, Chong MS: Preemptive analgesia - Treating

postoperative pain by preventing thenestablishment of
central sensitization. Anesth Analg 1993; 77: 362-79.

. Wilcox GL: Excitatory neurotransmitters and pain.

Pain Res Clin Manag 1991; 4: 97-117.

. Sorkin LS, Westlund KN, Sluka KA, Dougherty PM,

Willis WD: Neural changes in acute arthritis in mon-
keys: IV. Time course of aminoacid release into the
lumbar dorsal homn. Brain Res Rev 1992; 17: 39-50.

. Yaksh TL: The spinal pharmacology of facilitation of

afferent processing evoked by high-threshold afferent
input of the postinjury pain state. Curr Opin Neurol
Neurosurg 1993; 6: 250-6.

. Dickenson AH: A cure for wind up: NMDA receptor

antagonists as potential analgesics. Trends Pharmacol
Sci 1990; 11: 307-9.

. Wheeler-Aceto H, Porreca F, Cowan A: The rat

formalin test: comparison of noxious agents. Pain
1990; 40: 229-38.

. Puig S, Sorkin LS: Fprmalin-evoked activity in iden-

tified primary afferent fibers: systemic lidocaine sup-
presses phase-2 activity. Pain 1995; 64: 345-55.

. Hunskaar S, Hole K: The formalin test: dissociation

between inflammatory and noninflammatory pain.
Pain 1987; 30: 103-14.

. Wheeler-Aceto H, Cowan A: Standardization of the rat

paw formalin test for the evaluation of analgesics.
Psycopharmacology 1991; 104: 35-44,

Yamamoto T, Yaksh TL: Comparison of the antino-
ciceptive effects of pre and post treatment with intra-
thecal morphine and MK801, an NMDA antagonist on
the formalin test in the rat. Anaesthesiology 1992; 77:
757-63.

Yaksh TL, Jesell TM, Gamse R, Mudge R, Leeman
SE: Intrathecal morphine inhibits substance P release
from mammalian spinal cord in vivo. Nature 1980;
286: 155-6.

Pang IH, Vasco MR: Morphine and norepinephrine but
not 5-hydroxytriptamine and gamma-aminobutyric acid
inhibit the potassium-stimulated release of substance
P from rat spinal cord slices. Brain Res 1986; 376:
268-79.

Nagasaka H, Yaksh TL: Effects of intrathecal 4, &,

and nociceptive reflexes in halothane-anesthetized
rats. Anesth Analg 1995; 80: 437-43.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

25.

26.

27.

Taiwo YO, Levine JD: x- and ¢ -opioids block
sympathetically dependent hyperalgesia. ] Neurochem
1991; 11: 928-32.

Malmberg AB, Yaksh TL: Antinociceptive actions of
spinal non-steroidal anti-inflammatory agents on the
formalin test in the rat. J Pharmacol Exp Ther 1992;
263: 136-46.

Tallarida RJ, Murray RB: Manual of pharmacologic
calculatons with computer programs. 2d ed. New
York; Springer 1987.

Dubuisson D, Dennis SG: The formalin test: a quan-
titative study of the analgesic effects of morphine,
meperidine and brain stem stimulation in rats and cats.
Pain 1977; 4: 161-74.

Abram SE, Yaksh TL: Systemic lidocaine blocks
nerve injury-induced hyperalgesia and nociceptor
-driven spinal sensitization in the rat. Anesthesiology
1994; 80: 383-91.

Klemm F, Carli G, Reeh PW: Peripheral neural cor-
relates of the formalin test in the rat. Pflgers Arch
1989; 414(S42). i

Kangrga I, Randic M: Outflow of endogenous aspar-
tate and glutamate from the rat spinal dorsal hom in
vitro by stimulation of low- and high-threshold pri-
mary afferent fibers. Brain Res 1991; 553: 347-52.
Fleetwood-Walker SM, Mitchell R, Hope PJ: An a:
receptor mediates the selective inhibition by noradr-
enalin of nociceptive responses of identified dorsal
horn neurones. Brain Res 1985; 334: 243-54.
North RA, Williams JT, Suprenant A, Christie MJ: u
and & receptors belong to a family of receptors that
are coupled to potassium channels. Proc Natl Acad
Sci USA 1987; 84: 5487-91.

Ferreira SH: Inflammatory pain, prostaglandin hyper-
algesia and the development of peripheral analgesics.
Trends Pharmacol Sci Jul 1981; 183-6.

Stein C: Peripheral mechanisms of opioid analgesia.
Anesth Analg 1993; 76: 182-91.

Khoury GF, CAN Chen, Garland DE: Intraarticular
morphine, bupivacaine, and morphine/bupivacaine for
pain control after knee videoarthroscopy. Anesthe-
siology 1992; 77: 263-6.

Taiwo YO, Heller PH, Levine JD: Mediation of sero-
tonine hyperalgesia by the cAMP second messenger
system. Neuroscience 1992; 48: 479-83.

Malmberg AB, Yaksh TL: The effect of morphine on
formalin evoked behavior and spinal release of ex-
citatory amino acids and prostaglandin E: using
microdialysis in conscious rats. Br J Pharmacol 1995;



28.

29.

30.

3L

32.

33

34.

35.

114: 1069-75.

Miller RD: Anesthesia. 4" ed. New York, Churchill
Livingstone Inc. 1994, pp 348.

Romagnoli A, Keats AS: Ceiling effect for respiratory
depression by nalbuphine. Clin Pharmacol Ther 1980;
27: 478-85.

Dickenson AH, Sullivan AF: Evidence for a role of
the NMDA receptor in the frequency dependent po-
tentiation of deep rat dorsal horn nociceptive neurons
following C fibre stimulation. Neuropharmacology
1987; 26: 1235-8.

Go VLW, Yaksh TL: Release of substance P from the
cat spinal cord. J Physiol 1987; 391: 141-67.
Verhaegen M, Todd HM, Warner DS: The influence
of different concentration of volatile anesthetics on the
threshold for cortical spreading depression in rats,
Brain Res 1992; 581: 153-5.

Millan MJ, Colpaert FC: Opioid systems in the
response to inflammatory pain: sustained blockade
suggests role of «x - but not y-opioid receptors in the
modulation of nociception, behaviour and pathology.
Neuroscience 1991; 42: 541-53.

Ramwell PW, Shaw JE, Jessup R: Spontaneous and
evoked release of prostaglandins from frog spinal
cord. Am J Physiol 1966; 211: 998-1004.

Coderre TJ, Gonzales R, Golyne ME, West J, Levine

73

36.

37.

38.

39.

40.

41.

2] 39 : 7)) A E#)9} Formalin Test 445

JD: Noxious stimulus-induced increase in spinal pros-
taglandin E; is noradrenergic terminal-dependent.
Neurosci Lett 1990; 115: 253-8.

Yaksh TL: Central and peripheral mechanisms for the
analgesic action of acetylsalicylic acid. In Barett HIM,
Hirsh J, Mustard JR(Eds), Acetylsalicylic acid: New
uses for an old drug, Raven, New York. 1982, pp137
-51.

Uda R, Horiguchi S, Ito SM, Hayaishi O: Nociceptive
effects by intrathecal administration of prostaglandin
D,, E;, or Faa to conscious mice. Brain Res 1990;
510: 26-32.

Malmberg AB, Yaksh TL: Hyperalgesia mediated by
spinal glutamate and sP receptor blocked by spinal
cyclooxygenase inhibition. Science 1992; 257: 1276-9.
Halushka PV, Mais DE, Mayeux PR, Morinelli TA:
Thromboxane, prostaglandin and leukotriene recep-
tors. Annu Rev Pharmacol Toxicol 1989; 29: 213-9.
Sorkin LS: Release of amino acids and PGE; into the
spinal cord of lightly anesthetized rats during the
development of an experimental arthritis: Enhance-
ment of C fiber evoked release. Neurosci Abstr 1992;
18: 1023.

Drower EJ, Stapelfeld A, Mueller RA, Hammond DL:
The antinociceptive effects of prostaglandin antag-
onists in the rat. Eur J Pharmacol 1987; 133: 249-56.




