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Role of Sensory Nerve Peptides Rather than Mast Cell Histamine
in Paclitaxel Hypersensitivity

Takeshi Goromaru

ABSTRACT

Paclitaxel is one of the most extensively used anticancer agents, however,
its use is often limited by severe hypersensitivity reactions, including
respiratory distress, bronchospasm, and hypotension, which can occur
despite premedication with dexamethasone and histamine H; and H,
antagonists. We demonstrated for the first time that sensory nerve peptides
but not mast cell histamine are involved in paclitaxel hypersensitivity and
that an anti-allergic agent pemirolast attenuates the paclitaxel response

by inhibiting the release of sensory nerve peptides.
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Fig. 1. Dose—dependcnt plasma extravasation induced by an intravenous injection of paclitaxel (A) and the
comparative effects of paclitaxel and its vehicle Cremophor EL on the vascular permeability (B) in
rat lungs. Anesthetized rats were injected with paclitaxel (10-20 mg/kg) in combination with Evans
blue (20 mg/kg). For vehicle Cremophor EL was injected in same volume as Cremophor EL of
paclitaxel 15 ml/kg. Each column represents the mean + S.E.M. Number of animals was shown in
each parenthesis. "P < 0.05 vs. saline (Dunnett’s tevst)ry; P < 0.05 vs. paclitaxel alone (Student's t-
test).
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Fig. 2. Effect of paclitaxel on arterial PaO,, PaCO, and pH in rats. Rats were anesthetized with pentobarbital-

.. Na (50 mg/kg) and injected with paclitaxel (15 mg/kg). Arterial gasses were monitored by an

© automatic gas analyzer (i-STAT) during 60 min after paclitaxel injection. Each point represents the
mean + S.E.M. of 5 experiments. *P < 0.05 vs. non-treated group.
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Fig. 3. Comparative effects of single and twice treatment with dexamethasone on paclitaxel-induced protein
extravasation in rat lungs. Dexamethasone was administered twice at 6 h and 30 min (A) or once at
30 min (B) before paclitaxel injection. Each column represents the mean + S.E.M. Number of
animals was shown in each parenthesis. ‘P < 0.05 vs. control (Dunnett's test).
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Fig. 4. Lack of effect of histamine H, and H, receptor antagonists or a tryptase inhibitor nafamostat mesilate
on paclitaxel-induced protein extravasation in rat lungs. A H, antagonist diphenhydramine (DPH:
10 mg/kg) or an H, antagonist famotidine (FAMO: 40 mg/kg) were given alone or in combination at
30 min before paclitaxel injection, while nafamostat was injected 5 min before paclitaxel injection.
Each column represents the mean = S.E.M. Number of animals was shown in each parenthesis.
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Fig. 5. Comparative effects of pemirolast (A), cromoglycate (B) and ketotifen (C) on the paclitaxel-induced
protein extravasation in rat lungs. Cromoglycate, pemirolast and ketotifen were administered at 5
min, 30 min and 60 min before paclitaxel (15 mg/kg), respectively. Each column represents the
mean * S.E.M. Number of animals was shown in each parenthesis. “P<0.05 vs. Control (Dunnett's
test)
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Fig. 6. Protein extravasation (A) and changes in lung histamine concentration (B) after paclitaxel infusion
in mast cell-deficient (Ws/Ws) and wild-type rats. Ws/Ws or wild-type rats were infused with
paclitaxel (15 mg/kg). Protein extravasation was evaluated 10 min after paclitaxel infusion by the
leakage of Evans blue into lung tissues. Histamine content in lungs was determined by HPLC with
post-column fluorescence derivatization method. Each column represents the mean + S.E.M. Number
‘of animals per group are shown in parentheses (A, B).
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Fig. 7. Reversal of paclitaxel-induced

35
g 30 protein extravasation in rat lungs by
-‘f’o 25 pretreatment with capsaicin.
Eﬁ_ 20 Capsaicin (2.5 mg/kg) was injected
= i.p. 5 times a day for 2 days. Each
% 15 column represents the mean = S.E.M.
'g 10 Number of animals was shown in
Y (-;) each parenthesis. P < 0.05 vs.
0 Saline Control Capsaicin paclitaxel alone.

Paclitaxel (15 mg/keg)

512 HIERRED 5 EEE S N B HHE R T F R O Substance P %> Neurokinin A 1%, #IRA#53 5
ZET, [REZCMIIBNWTIRES ORHEZFIZEI L1, HREERERZERTHD, 2
NOHERTF ROZEEKRTH B NK, BLUNK, ZEFRIIZECHICERET S Z E0HEIHh
T30, Marek BIZ MV I Lo TEIER I INS 7 2FINIY VFERKEBBMED FTE
25, NK; BEUNK, ZEREHED D2WEIA T P VLB > THIflahizZ Enb, b
VIR EIRAEREN S O T F REBEOREICK D REREOKEBBEFHRT D EHE
LTWB D, ATHA S ATMEARICIER UER T F K2 HRT 5 e 5 boas, Bid
BRI DEHERTF RERBBERDZERASN TS,

ATV D EBICLDHRERTF REMBI®ZIy M, NJUFFEN2HRETHE
fhif & A E LR L. RENWE I N (Fig. 7,8-A). £/, N7 UFFEINREE
DT v FREXNMRELEEUE (bronchoalveolar lavage fluid, BALF) D% > )N 7 BEIX LA Ui
& >N DIRHHHER X Nz, FRIZ BALF H 0 Substance P. Neurokinin A 35 & U8 CGRP 13
ERU, XZVFZFEINIZEZMEXRTF NEBESEZRI N (Fig. 9.

Rz Substance P, Neurokinin A 8 X TP CGRP 3. TNFNNK,. NK, BLU CGRP ZAMKIZE
T BT N5, &7 2T MEEALNY U S 1 )VHEENOBERTF KON
BIDWTRI L7z, /327 U )L EBEMETEICN L NK, 3 & UNK, ZAARTER
&%) %57 L, Substance P35 & Uf Neurokinin A D5 AH 52 & 72> 7= (Fig. 10-A), —H T
CGRPIZ/NZ U FZF N EGICL D, iSO aFRAICH W Tl ICHFENRD b (Fig.
8-B)., BALF FIZBWTHEE LAMNRSNED (Fig.9). CGRP ZAMEEHEKIINIVFF
BV R mE Z G T I UEE L i o /2 (Fig. 10-B) . CGRPIZHIE##ED C-fiber IZ3H
T Substance P & 3% T 5 X TFF RELTHSNTWS 9, CGRPIZ. Substance P. Neurokinin
A LRIZD, MEFBBECHUZELRW SO0, IEIREAZEL TSN, N7 SF
TNIFRGICE D RBETHHEHLIL. CORPICL D MEILENHZEL TWHHEEDE X 5N 5,

B ERE 5Dy OES Y JBBLURI OS5 Z ML, /87 U #5435
D5w FBALEH DY U NVBEERENZ, ARICEHERTF RBELESIHIL 2
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Fig. 8. Representative photographs showing hematoxylin and eosin stain (A) and immunostain (B) with
monoclonal antibodies raised against calcitonin gene-related peptide (CGRP) and substance P in
pulmonary sections of control and paclitaxel-treated rats. The middle lobe of lungs was obtained 10
minutes after injection with paclitaxel in the absence or presence of pretreatment with dexamethasone
(10 mg/kg, 30 minutes and 6 hours), and capsaicin (2.5 mg/kg x 5 times/day, for 2 days). The
marked perivascular edema shown by arrows was observed only in rats treated with paclitaxel
alone. Magnification of each photograph was x 100. Br = bronchiolus; Pv = pulmonary vessel.
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Fig. 9. Elevation of the concentrations of proteins and sensory neuropeptides including CGRP, substance P

and neurokinin A in rat bronchoalveolar lavage fluid (BALF) after intravenous injection of paclitaxel,

and their reversal by cromoglycate and pemirolast. Rats were injected with paclitaxel (15 mg/kg)

and BALF was collected 10 min later. Sensory nerve peptides were determined by the enzymatic

immunoassay. Cromoglycate (100 mg/kg) and pemirolast (1 mg/kg) were injected i.v. at 5 min and

30 min before paclitaxel injection, respectively. Each column represents the mean + S.E.M. Number

of animals is shown in the bottom of each column. "P<0.05, *P<0.01 vs. Paclitaxel alone (Dunnett's

test).

(Fig. 9), 7 OEZ Y ZEEMNE b O EEIZH VT Substance PR DR E % NK, S84 O IERTIC X
DR L ZH/ETBEICHS020, 0T UIBBLIERI O T MBFIEEREN S O#
BARTF R 2 MH L EREAEREEZREBL 2 EVOSHEITIS I TITE N, BlIRIOIX
MEINXZUFZFEIS Y FFEEICHL. 0.1 mgkg EWIEKAE (02 mgkg) &0 bR
BEBETHEERLE, RIOFAMIBRICBWTHEAEFHINTED., BHERBLRER
F1.71% (7 LFF—IRAXER) &2 TORENRE - WHESORERLOTH D, B
RRRBRICBWT S, N7 UFFRIIVIETRNICRIOT X b 2R1#E L 2 BFITILBBNI—
FIHEDOENT (Fig. 1), N7 UFFLIVBHRIEFHELL TORIOS X b OFAENR
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Fig. 10. Reversal by NK; and NK, antagonists (A) but not by a CGRP antagonist (B) of paclitaxel-induced
protein extravasation in rat lungs. Rats were pretreated with an NK, antagonist LY303870, an NK,
antagonist SR48968, or both (A) or a CGRP, receptor antagonist CGRP 437 (B). Each column
represents the mean + S.E.M. Number of animals is shown in each parenthesis. P < 0.05, P < 0.01
vs. control (Dunnett's test).
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Fig. 11. Effect of additional dosing of pemirolast to the premedication of paclitaxel chemotherapy on the
incidence of hypersensitive reaction (HSR) (A) and changes in plasma histamine concentration
during infusion of paclitaxel (B) in patients with ovarian cancer. Premedication including 20 mg
dexamethasone infusion, 50 mg ranitidine infusion and 50 mg diphenhydramine ingestion was
carried out in all patients 30 min before paclitaxel infusion, and 10 mg oral dose of pemirolast was
administered 2 h before paclitaxel infusion. Blood was taken 30 min before and 5 min after start of
paclitaxel infusion. Plasma histamine concentration was determined by HPLC with fluorescence
detection. *“The incidence of hypersensitivity during the total course of paclitaxel treatment was
significantly (P<0.05) lower in pemirolast-treated patients ( x2-test).
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R L ZBE BT BINT U F IS DFRBERITIL < DREITHBN TS % K
THoH4220, 10%ULORBERNASNEZR/ED DD, BREROWEIL. IBREBREICH
WTHBINICHREG LB HIRZ< A 5N 2070, T OREITHATH 2. SNRBEE D/
D & VSR IR B L IR D — R MB N T EA 5, SRR Y
& %1 BB ISRB & B Tl B AN & 5N B,

FEMIODEEDEHERE. BHEZICBI2EERYRAI 7y 7 F—TH53139, HEH
RITBHIR Oy U @agEd, DREEY A7 E T35 04 OEFEERE T 5. £
BERIAMOT > THBLA NI OF )L, T v MREEREIRS X OHEIIRICHB N TH
RO MENRERIEAZH L. T4 WERE —BR{L2 R 5 REER (endothelial nitric oxide
synthase, eNOS) HIHEDHEIMICEL S DD EHMEI N TN S35, FRBBBREFEICBITIEZINIUS
FY VBB ICHEHEROEMI, IREBRICEL 2T X oy EDETICHE S 72eNOSIE DK
TEEEL TWBREMENEZSND, TI T N UFFEIBBIKIGIZIBU 2 IREMHEERD
BEIZOWTHRH L.

FIEIIBNWT, BESy MINIUFFTEIV15 mghkg 2595 2 &ITL D FiFEENRHER
I HED » MZBNTH 15 mgkg D 5B THICHARETHOBHDE S BEOER
TR 5z (Fig. 12). /e, BR TIROTNATTE LS R S5H20/$27 U 5 %+)110 mgy/
kg DFART, EFBERLAES Yy NIEZELHOESZBHEEZE L (Fig. 13). FRICHHRS
fEEERIUnERBEORELBD N (Fig. 14,15). ZNSIRERHERS v hOEHR/INY
Uy FENREDMEFRIIA R I OF -V 2HAREG TS ETREIRRIMA SN,

E2EIZBWT, N2 U FIIVFARMNEZEETTERIN Y1 P ABS = 2 —OF =
UNK,BEUNK,7 VIR M I 0O ERBABMGIRIREZR Uz, £z, X7 UFFR)
#{E5IZXD, 5 v N BALF H® Substance P ®° Neurokinin A & W o =R T F REEN LR L
Tro TNHERID. NI VFFLIVIHEETBITDERERTF ROBEENKENT & 2RE
Uiz, BERICBW TS, /327 U FF R RS HOBEMBROL 25 I D MEIHICELILR
SN7sno 7=H3%, Substance PIRE I G55l & bt&ﬁﬁ¢CJ:ﬁ L7238, ULALEAS, SEEIR
R MCBWTHEERMEENR 5N 7210 mgkgDEFED/NZ VU ¥ F 1 I)L#5 T, BALF
FOMERTF RBECERRZEARZED SN Mho /= (Fig. 16), —H T, Substance P DA
BRI D RENEEEMEL. IEERS Y MICBWTASJI# L. MREICH LEERE
NRSNZ (Fig. 17). 2S5 ORRKX D, SFRFRICEK D7V FFwIVEERMEE OB,
Substance P ZEDMERTF RIZHTHEMZEOHERICLEZ2BDLEEZL SN S,

INETIT, SPEBRICEVDMENKICBIT S NOSTEMEIMET T2 2 &0, TOETHNLR
M OF—IICKXOEET S Z EAMEIN TN S 35373940, S[E] NO 54K TH 5 sodium
nitroprusside 4%, JRIEFIRIC KL /37 VU & T )V iR ME F @M TTHE O BEIC K LAFZIR %
KLz, 51T, FEHBIRAYNOS FHEZK D NO-nitro-L-arginine methyl ester 13, HEMLE S v MZB
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Evans blue (ug/g dry tissue)

Fig. 12. Comparison of the effect of paclitaxel on
the extravasation of plasma proteins
between male and female rats. Each column
represents the mean £ S.E.M. of 5 animals.
*P<0.01 vs. Male saline-treated group,
P<0.05 vs. Female saline-treated group
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Fig. 13. Aggravation of paclitaxel-induced
extravasation of plasma proteins in lungs of
ovariectomized (OVX) rats and its reversal by
repeated administration of estradiol. Rats were
subjected to sham-operation or ovariectomy 4
weeks before paclitaxel injection. Estradiol

(EST: 1 mg/kg) was injected i.m. once a week
for 3 times. Each column represents the mean
+ S.E.M. Number of animals was shown in
each parenthesis. **P<0.01 vs. Control
(Dunnett's test).
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Fig. 14. Aggravation of paclitaxel-induced decrease in arterial PaO, by ovariectomy in rats. Rats were
subjected to ovariectomy (OVX) 4 weeks before paclitaxel (10 mg/kg) injection. Estradiol (EST: 1
mg/kg) was injected i.m. once a week for 3 times. Arterial gasses were monitored by an automatic
gas analyzer (i-STAT) during 40 min after paclitaxel injection. Each point represents the mean +
S.E.M. of 5 experiments. "P<0.05 vs. respective control (Dunnett's test).
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Fig. 16. Comparative effects of paclitaxel (10 mg/kg) on the concentrations of protein, substance P and
neurokinin A in BALF between sham-operated and ovariectomized rats. Each column represents
the mean + S.E.M. of 5 experiments

Fig. 17. Enhancement of substance P-induced

7 sham f increase in protein extravasation in skin in
o I OVX L ovariectomized (OVX) rats. Substance P
| was injected intradermally into the dorsal
= 20} skin in a volume of 100 pl, then Evans blue
S | was injected i.v. 10 min later. Thirty minutes
% 151 after evans blue injection, the rats were
§ 1ok perfused systemically with 100 ml of
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Fig. 18. Effects of nitric oxide donors and NOS inhibitors on paclitaxel-induced pulmonary vascular
hyperpermeability in rats. Doses of test compounds were 10 mg/kg for NC-nitro-L-arginine methyl
ester (L-NAME) and 7-nitroindazole (7-NI), 1 mg/kg for isosorbide dinitrate (ISDN), 20 pg/kg for
sodium nitroprusside (SNP) and 300 mg/kg for L-arginine (L-Arg). Each column represents the
mean = S.E.M. of 5-7 experiments. "P<0.05, **P<0.01 vs control group.
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