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SUMMARY
Studies of puerarin on thermoregulatory responsein rats
by
Li-Chu Shao
Institute of Chinese Pharmaceutical Sciences

ChinaMedical College

Puerarin is an isoflavone compound isolated from Pueraria lobata. The
Puerariae radix has been used for antipyretic in Chinese. Puerarin, a
beta-adrenergic receptor blocker, possesses anticonvulsive, antiarrhythmic
and antihypertension effects. It aso reduces 2,4-dinitrophenol-induced
hyperthermia. However, the effects of puerarin on normal body temperature
and pyrogenic fever are unknown. On this account, in the present gudy,
experiments were carried out to assess the effects of puerarin on

thermoregulatory responses in unanesthetized rats.

Puerarin (100nmg/10m,i.c.v.;5-30mg/kg, i.p.) caused a dose-related fall
in both colonic temperature and the SHT release in the hypothalamus at
room temperature. The serotonin release in the hypothalamus was
monitored with a microdialyzed probe is association with
microdialysis-high perforemance liquid chromatography. Puerarin induced
hypothermia was attenuated by pretreatment with 5,7-dihydroxytryptamine
(5,7-DHT; a serotonin neurotoxin, 200ng/10mM; i.c.v., one week ago), or
(-)-pindolol (a 5HT,a receptor/b adrenoceptor antagonist; 0.05, 0.5mg/kg;
s.c.) but potentiated by (z)-8-hydroxydiopropylamino-teralin (8-OH-DPAT;



a 5-HTia receptor agonist; 0.05mg/kg; s.c.). In addition, the puerarin
induced hypothermia was attenuated by
(£)-2,5-dimethoxy-4-iodoamphetamine (DOI; 5-HT, receptor agonist; 5,
10ng/10m; i.c.v.; 0.5, Img/kg; i.p.) or quipazine (a 5-HT, receptor agonist;
0.5, Img/kg; i.p.), but potentiated by ketanserin (5-HT, receptor antagonist;
1mg/kg; i.p.) or pirenperone (5-HT, receptor antagonist; 0.2mg/kg; s.c.).
These results indicate that puerarin may act through 5-HTn receptor
activation or 5-HT, receptor antagonism within the brain to induce its

hypothermia.

The fever induced by either lipopolysaccharide (LPS, 100ng/kg; i.p.)
or interleukin-1b (IL-1b, 10ng/10m; i.c.v.) was attenuated by treatment
with puerarin (100mg/10m, i.c.v.; 10, 30mg/kg, i.p.). Our microdialysis
data revealed that puerarin (10, 30mg/kg; i.p.) reduces the increased 5SHT
release in the hypothalamus and fever provoked by IL-1b injection. The
hyperthermia induced by either S-nitroso-N-acetylpenicillamine (nitric
oxide donor, 10ng/10mM; i.c.v.), sodium nitroprusside (NO releaser,
20ng/10m; i.c.v.), 8-Bromo-cGMP (cGMP analogue, 100ng/10m; i.c.v.),
PGE; (100ng/10m; i.c.v.), or 8-Bromo-cAMP (CAMP analogue, 40ng/10m;

I.h.) was attenuated by treatment with puerarin (10, 30mg/kg; i.p.) in rats.

In conclusion, puerarin exerts its thermoregulatory response mainly
through the serotoninergic, nitrergic or prostaglandinergic pathways in the

central nervous system of rat brain.
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Puerarin ( 0.5% CMC
0.02% al cohoal ); (Sigma).

5-hydroxytryptamine (serotonin, 5HT), sodium-1-octanesulfonic acid
(C8), monochloroacetic acid (CH2CICOOH), ethylenediamine
tetracetic acid (EDTA) ( ), Escherichia coli
lipopolysaccharide (LPS, 0111: B4), interleukin-1b (IL-1b) (
0.9% ), aspirin (0.5% CMC

), 5,7-dihydroxytryptamine (5,7-DHT) (  0.9%

ascorbic acid ); (Sigma).
Acetonitrile (ACN); (E. Merk).

Prostaglanding, (PGE,), S-nitroso-N-acetylpenicillamine (SNAP),
sodium nitroprusside (SNP), 8-Bromo-cGMP (  0.9%

), (%)-2,5-dimethoxy-4-iodoamphetamine  hydrochloride
((+)-DQI), (#)-8-hydroxydipropylamino-tetralin hydrobromide
((+)-8-OH-DPAT HBYr), quipazine, ketanserin ( 0.9%

), pirenperone, (-)-pindolol ( 0.9%
); (RBI)

Sodium pentobarbital ( 0.9% ) (
)



Sprague-Dawley (S.D.) 160-180g ( )
250-300g ( ) 45 24+1
12 (08: 00 20: 00 )

4 7
(24+1 ) PE-200
copper-consantan 5

( portable hybrid recorder Y okogawa Hokushin Electric,
Japan) C )

puerarin

(2421 )

puerarin (1, 5, 10, 30mg/k;; i.p.; 50, 100ng/10mM; i.c.v.) 5

vehicle



sodium pentobarbital

(45mg/kg; i.p.) 371
75
( )
bregma  lambda teeth
bar bregma lambda bregma

(lateral ventricle; LV)
(anterior hypothalamus; AH) (LV bregma 0.08 cm
0.15 cm 0.3504cm AH bregma 0.18 cm
0.08 cm 0.90 cm)

0.2ml procaine penicillin G (200

[U/ml/day; i.m.)
Puerarin serotonin
HPLC (Waters 610 pump, Millipore
Co.USA) BASLC-4C (amperometric detector,

Bioanalyticalsystems, West Lafayette IN., U.S.A))
(microbore reversed-phase column, GSK-C 18.5 nm ODS, 1.0° 150 mm



[.D.) (microinjection pump, CMA/100, Carnegie
Medicin) (microfraction collector, CMA/140, Carnegie
Medicin) (CMA/12, Carnegie Medicin)

sodium pentobarbital (45mg/kQ)

371 (kopf
stereotaxic apparatus)
(bregma 1.8 mm 0.80 mm 9.0 mm)

9.0 mm 2.5 mm

0.2ml ampicillin sodium (250

IU/ml; i.m.)
(24+1 )
thermometer
( 0.6m/min)
30mins puerarin (10,
30mg/kQ) 5
vehicle

serotonin (5-HT)
(HPLC)

(Electrochemical Detector)

50ml acetonitrile (ACN), 9.45g



monochloroacetic acid (CH2CICOOH), 186mg ethylenediaminetetracetic
acid (EDTA) 160mg sodium 1-octanesulfonate (SOS, C8)

pH 3.0 0.22mm
(degas)
80m/min
0.75
serotoninergic system puerarin
5,7-dihydroxytryptamine (5,7-DHT, 200ng/10m) serotonin
7 (241 )
puerarin (10, 30mg/kQg) 5
vehicle
serotoninergic system puerarin
(241 )
puerarin (30mg/kg) serotoninergic system
5

vehicle



(1) puerarin (30mg/kg)
(-)-pindolol (0.05, 0.5mg/kg; s.c.)

(2) puerarin  (30mg/kg)
8-OHDPAT (0.01, 0.05mg/kg; s.c.)

(3) puerarin (30mg/kg)
ketanserin (0.5, Img/kg; i.p.)

4) puerarin  (30mg/kQ)
pirenperone (0.05, 0.2mg/kg; s.c.)

(5) puerarin (30mg/kg)
quipazine (0.1, 1Img/kg; i.p.)

(6) puerarin (30mg/kg) 90
DOI (5, 10ng/10m; i.c.v.;0.5, Img/kg; i.p)

Puerarin LPS

1.p.) 10
5
aspirin (75, 150mg/kg; i.p.)

30

100

60

60

60

LPS (100ng/kg,

puerarin (10, 30mg/kQ)

vehicle



Puerarin IL-1b

serotonin
[L-1b (10ng/10m) 120 puerarin (50, 100
ngy/10m) puerarin (10, 30
mg/kQg) interleukin-1b
(10ng/10m, i.c.v.) serotonin 5
vehicle
Puerarin S-nitroso-N-acetylpenicillamine

(SNAP) sodium nitroprusside (SNP)
8-Bromo-cGMP

(24+1 )
5
vehicle
(1) SNAP (10ng/10m) 120
puerarin (10, 30mg/kg)
) SNP (20ng/10m) 10

puerarin (10, 30mg/kg)

(3 8-Bromo-cGMP (100ng/10m) 90



puerarin (10, 30mg/kg)

Puerarin prostaglandin E2 (PGE2)
8-Bromo-cAMP

puerarin (10, 30mg/kQ)

90 PGE2 (100rg/10nm)
8-Brmo-cAMP (40nmg/10m) 10 puerarin (10,
30mg/kg) 5
vehicle
serotonin student’ s test
one-way ANOVA scheffe’ stest

P 0.05



puerarin

Fig. 3 puerarin (1, 5, 10, 30mg/kg)
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Fig. 3 Time course of the effects of intraperitoneal administration of
puerarin on colonic temperature in rats. Puerarin (1, 5, 10, 30mg/kg, i.p.)
was injected at 0 min. The colonic temperature of vehicle-injected rats was
37.82+0.20°C at time O min. D, denote the difference between the control
value before injected and exchange after injected. The value are
meanzSEM of 8-12 rats per group.*P<0.05, **P<0.01, significantly
different from corresponding control value (vehicle group), ANOVA.



Fig.4 puerarin (100my/10m)
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—O— Puerarin 50ng/10m
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Fig. 4 Time course of the effects of intracerebroventricular administration
of puerarin on colonic temperature in rats. Puerarin (50, 100ng/kg, i.c.v.)
was injected at 0 min. The colonic temperature of vehicle-injected rats was
37.14+0.15°C at time O min. D, denote the difference between the control
value before injected and exchange after injected. The value are
mean+SEM of 8 rats per group.*P<0.05, significantly different from
corresponding control value (vehicle group), ANOVA.



Puerarin serotonin

Table 1 Fig. 5 puerarin (10, 30mg/kg; i.p.)
5-HT

Table 1. The effect of puerarin on the hypothalamic serotonin (5-HT)

release in the normal rats.

Treatments D Colonic temperature Hypothalamic 5-HT
(i.p.) (°C) release (% baseline)
Vehicle 0.14+0.05 99.12+34.25
Puerarin
10mg/kg -0.78+0.21* 52.14+35.23*
30mg/kg -1.05+0.20** 25.12+31.22**

The value are mean+SEM of 5 rats per group. The vehicle-treated control
vaue for extracellular 5-HT release in the hypothaamus are
1.58+0.65pg/18m/30 mins. D, denote the difference between the control
value before 120 mins after the start of puerarin injected. *P<0.05,
**P<0.01 significantly different from the corresponding control value
(vehicle group), ANOVA.
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Fig. 5 Time course of the effects of intraperitoneal administration of
puerarin on (@) colonic temperature (Tco) and (b) hypothalamic
5-hydroxytryptamine (5-HT) release in five control rats. The arrows in (a)
indicate the time of injection. Data are the mean+SEM. *P<0.05, **P<0.01
significantly different from the corresponding control value (IL-1b group),
Student’ s test. Basal 5-HT was 1.58+0.65pg/18mi.(®), vehicle; (O),
30mg/kg puerarin.



serotoninergic system puerarin

Table 2 5,7-DHT (200ng/10m; i.c.v.)
serotonin

puerarin (10, 30mg/kg; i.p.) 57-DHT

Table2. The effects of puerarin on the colonic temperature in rats

treated by the 5,7-DHT.

Changesin colonic temperature (D )

Treatment
Normal 5,7-DHT
Vehicle 0.14+0.05 0.20+0.14
puerarin
10mg/kg (i.p.) -0.78+0.21* -0.21+0.11"
30mg/kg (i.p.) -1.05+0.20** -0.53+0.13+"

The value are mean+SEM from 8 rats per group. The control value for
colonic temperature are 37.8+0.12 and 38.1+0.14 for normal and
5,7-DHT-treated rats, respectively. D, denote the difference between the
control value before 120 mins after the start of puerarin injected. * P<0.05,
**P<0.01 significantly different from corresponding control value (vehicle
group), ANOVA. *P<0.05 significantly different from corresponding
control value (normal group), ANOVA.



serotoninergic system puerarin

Fig. 6 puerarin (30mg/kg)
(-)-pindolol (5-HT1A receptor b adrenoceptor antagonist;
0.05, 0.smg/kg, s.c.) puerarin (-)-pindolol
(0.05, 0.5mg/kg)

1 zzz puerarin 30mg/kg, i.p.
##
0 ”
Ty
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Fig. 6 Effects of (-)-pindolol (0.05, 0.5mg/kg; s.c.) on the hypothermic
response of puerarin in rats. Puerarin was injected 30 mins before
(-)-pindolol (0.05, 0.5mg/kg) subcutaneously injected (s.c.) The value are
meanzSEM of 8 rats per group. D, denote the difference between the
control value before 120 mins after the start of puerarin injected. **P<0.01,
significantly different from the corresponding control value (vehicle
group), ANOVA. *"P<0.05 ™P<0.01 significantly different from
corresponding control value (puerarin group), ANOVA.



Fig. 7 puerarin (30mg/kg)
8-OH-DPAT (5-HT1a receptor agonist; 0.01, 0.05mg/kg, s.c.)
puerarin 8-OH-DPAT (0.05mg/kg)

tzz2 puerarin 30mg/kg, i.p.
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8-OH-DPAT mg/kg, s.c.

Fig. 7 Effects of 8-OH-DPAT (0.01, 0.05mg/kg, s.c.) on the hypothermic
response of puerarin in rats. Puerarin was injected 100 mins before
8-OH-DPAT (0.01, 0.05mg/kg) subcutaneously injected (s.c.) The value
are mean+SEM of 8 rats per group. D, denote the difference between the
control value before 120 mins after the start of puerarin injected. **P<0.01,
***P<0,001 significantly different from the corresponding control value
(vehicle group), ANOVA. "P<0.05 significantly different from
corresponding control value (puerarin group), ANOVA.



Fig. 8 puerarin (30mg/kg)
ketanserin (5-HT,receptor antagonist; 0.5, 1mg/kg, i.p.)

puerarin ketanserin (1mg/kg)
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Fig. 8 Effects of ketanserin (0.5, 1mg/kg, i.p.) on the hypothermic
response of puerarin in rats. Puerarin was injected 60 mins before
ketanserin (0.5, 1mg/kg) intraperitoneal injected (i.p.) The value are
meanzSEM of 8 rats per group. D, denote the difference between the
control value before 120 mins after the start of puerarin injected. ** P<0.01,
***P<0.001 significantly different from the corresponding control value
(vehicle group), ANOVA. "P<0.05 significantly different from
corresponding control value (puerarin group), ANOVA.



Fig.9 puerarin (30mg/kQ)
pirenperone (5-HT, receptor antagonist; 0.05, 0.2mg/kg, s.c.)

puerarin pirenperone (0.2mg/kQ)

rzz3 puerarin 30mg/kg, i.p.
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Fig. 9 Effects of pirenperone (0.05, 0.2mg/kg, s.c.) on the hypothermic
response of puerarin in rats Puerarin was injected 60 mins before
pirenperone (0.05, 0.2mg/kg) subcutaneously injected (s.c.) The value are
meantSEM of 8 rats per group. D, denote the difference between the
control value before 120 mins after the start of puerarin injected. **P<0.01,
***P<0.001 significantly different from the corresponding control value
(vehicle group), ANOVA. *P<0.05 significantly different from
corresponding control value (puerarin group), ANOVA.



Fig. 10 puerarin (30mg/kQg)
quipazine (5-HT, receptor agonist; 0.1, 1mg/kg,i.p.)
puerarin quipazine (0.1, Img/kg)

wzz puerarin 30mg/kg, i.p.
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Fig. 10 Effects of quipazine (0.1, 1mg/kg, i.p.) on the hypothermic
response of puerarin in rats. Puerarin was injected 60 mins before
guipazine (0.1, 1mg/kg) intraperitoneal injected (i.p.) The value are
meantSEM of 8 rats per group. D, denote the difference between the
control value before 120 mins after the start of puerarin injected. **P<0.01
significantly different from the corresponding control value (vehicle
group), ANOVA. *"P<0.05, "P<0.01 significantly different from
corresponding control value (puerarin group), ANOVA.



Fig. 11 puerarin (30mg/kg)
DOI (5HT,receptor antagonist; 0.5, Img/kg, i.p.)
puerarin DOI (0.5, Img/kQg)

rz2 puerarin 30mg/kg, i.p.

##

N - 7

G 7 V.
g // 2.
-
14 7,0
-2 _I I I I I |
Vehicle 0 0.5 1
DOI mg/kg, i.p.

Fig. 11 Effects of DOI (0.5, Img/kg, i.p.) on the hypothermic response of
puerarin in rats Puerarin was injected 90 mins before DOI (0.5, 1mg/kg)
intraperitoneal injected (i.p.) The value are mean+=SEM of 8 rats per group.
D, denote the difference between the control value 120 mins after the start
of puerarin injected. *P<0.05, **P<0.01, significantly different from the
corresponding control value (vehicle group), ANOVA. *P<0.05, #P<0.01
significantly different from corresponding control value (puerarin group),
ANOVA



Fig. 12 puerarin (30mg/kg)

puerarin

DTco (°C)

Fig. 12 Effects of DOI (5, 10my/10m, i.c.v.) on the hypothermic response of
puerarin in rats. Puerarin was injected 90 mins before DOI (5,10ng/10m)
intracrerbroventricular injected (i.c.v.) The value are mean+SEM of 8 rats
per group. D, denote the difference between the control value 120 mins after
the start of puerarin injected. *P<0.05, **P<0.01, significantly different
from the corresponding control value (vehicle group), ANOVA. *P<0.05,

"P<0.01 significantly different from corresponding control value (puerarin

DOI (5-HT, receptor antagonist; 5, 10mg/kg, i.c.v.)
DOI (5, 10mg/kg)

zza puerarin 30mg/kg, i.p.
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Puerarin LPS
Table 3. 24+1 LPS (100ng/Kkg; i.p.)
puerarin (10, 30mg/kg; i.p.) LPS
aspirin (150mg/kg, i.p.)

Table3. The effect of puerarin on the colonic temperature in the

hyperthermia rats induced by lipopolysaccharide (LPS).

Change in colonic temperature (D°C)
Treatment

Normal LPS
Vehicle (i.p.) 0.14+0.07 1.28+0.22
Puerarin
5mg/kg (i.p.) -0.56+0.13* 1.11+0.19
10mg/kg (i.p.) -0.78+0.21* 0.65+0.15*
30mg/kg (i.p.) -1.05+0.20** 0.30+£0.17**
Aspirin
75mg/kg (i.p.) -0.14+0.12 0.45+0.18*
150mg/kg (i.p.) -0.25+0.191 0.13+0.19**

Puerarin was injected 10 mins after LPS (100ng/kg) intraperitoneal injected
(i.p.) , and aspirin was injected 30 mins after LPS injected or 180 mins after
IL-1b injected. The value are mean+SEM of 8 rats per group. D, denote the
difference between the control value before 120 mins after the start of
puerarin injected. *P<0.05, **P<0.01, significantly different from the
corresponding control value (vehicle group), ANOVA.



Puerarin IL-1b
serotonin

Table 4 puerarin (100ng/10m; i.c.v)
IL-1b

Table4. The effect of puerarin on the colonic temperature in the

hyperthermia rats induced by interleukin 1b (IL-1b).

Change in colonic temperature (D°C)

Treatment
Normal IL-1b
Vehicle (i.c.v) 0.14+0.07 1.88+0.22
Puerarin
50nmg/kg (i.c.v) -0.20+0.15 1.41+0.14
100nmg/Kkg (i.c.v) -0.90+0.21* 0.91+0.13*

Puerarin was injected 120 mins after IL-1b  (10ng/kg)
intracerebroventricular injected (i.c.v). The value are mean+SEM of 8 rats
per group. D, denote the difference between the control value before 120
mins after the start of puerarin injected. *P<0.05, significantly different
from the corresponding control value (vehicle group), ANOVA.



Table 5  Fig. 13 2411 IL-1b (10

ng/10m; i.c.v.) 5-HT
puerarin (10, 30mg/kg; i.p.) IL-1b
5-HT

Table5. The effect of puerarin on the colonic temperature and the
hypothalamic 5-HT release in the hyperthermia rats induced by
interleukine-1b (IL-1b).

Treatment D Colonic Hypothalamic 5-HT
temperature (°C)  release (% baseline)
Vehicle (i.p.) 0.14+0.07 99.12+34.25
Puerarin
10mg/kg (i.p.) -0.78+0.21* 52.14+35.23
30mg/kg (i.p.) -1.05+0.20%* 25.12+31.22%*
IL-1b 10ng/m (i.c.v.) 1.98+0.24*** 250.33+35.12**
IL_lbﬁﬁEZ?riSbeg Kalip) — L10:020 108.32+433.23 **
IL-1 10ng/ni (1.C.v.) 0.88+0.21**" 118.36+31.20 **

+ Puerarin 30mg/kg (i.p.)

Puerarin  was injected 120 mins after IL-1b  (10ng/10m)
intracerebroventricular injected (i.c.v.) The value are mean+SEM of 8 rats
per group. D, denote the difference between the control value before 120
mins after the start of puerarin injected. *P<0.05, **P<0.01, ***P<0.001,
significantly different from the corresponding control value (vehicle group),
*P<0.05 significantly different from the corresponding control value (IL-1b
group), ANOVA.
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Fig. 13 Time course of the effects of interleukin-1b (IL-1b, 10ng/10m;
I.cv.)) on (@ colonic temperature (Tco) and (b) hypothalamic
5-hydroxytryptamine (5-HT) release in vehicle (®) and 30mg/kg puerarin
treated (O) rats (n=5 per group). Data are the mean+SEM. The arrows
indicate the time of injection. *P<0.05, **P<0.01 significantly different
from the corresponding control value (IL-1b group), Student’ s test.



Puerarin S-nitroso-N-acetylpenicillamine
(SNAP) sodium nitroprusside (SNP)
8-Bromo-cGMP

Table 6 puerarin (10, 30mg/kQ) SNAP
(10ng/10m, i.c.v.) SNP (20ng/10m, i.c.v.) 8-Bromo-cGMP
(100nmy/10m, i.c.v.)

Table 6 Effects of puerarin on the hyperthermia induced by
intracerebroventricular injection (i.c.v.) of S-nitroso-N-acetyl-
penicillamine  (SNAP), sodium nitroprusside (SNP) or

8-Bromo-cGMP.

Change in colonic temperature (D°C)

Treatment Puerarin
Vehicle _ _
10mg/kg (i.p.) 30mg/kg (i.p.)
Saline 0.9% (i.c.v.) 0.12+0.15 -0.78£0.21* -1.05+0.20**
SNAP 10ny/10m (i.c.v.) 1.40+0.20 0.97+0.25 0.70+0.27*
SNP 20ng/10n (i.c.v.) 1.40+0.23 0.91+0.21 0.200.22*
8-Bromo-cGMP 100ng/10m (i.c.v.) 0.75+0.16 0.20+0.15* -0.83+0.30%*

Puerarin was injected 120 mins after SNAP, 10 mins after SNP or 90 mins
before 8-Bromo-cGMP injected. The value are mean+=SEM. of 8 rats per
group. D, denote the difference between the control value before 120 mins

after the start of puerarin injected. *P<0.05, **P<0.01, significantly



different from the corresponding control value (vehicle group), ANOVA.



Puerarin prostaglandin E2 (PGE2)
8-Bromo-cAMP

Table 7 puerarin (10, 30mg/kg; i.p.) PGE2
(100ng/10m, i.c.v.) 8-Bromo-cAMP (40ng/10m, i.h.)

Table7 Effects of puerarin on the hyperthermia induced by
intracerebroventricular injection (i.c.v.) of prostaglandin E2

(PGE2) or intrahypothalamic injection (i.h.) of 8Bromo-cAMP.

Change in colonic temperature (D°C)

Treatment Puerarin
Vehicle _ _
10mg/kg (i.p.) 30mg/kg (i.p.)
Saline 0.9% (i.c.v.) 0.11+0.15 -0.78+0.21* -1.05+0.20**
PGE2 100ng/10m (i.c.v.) 1.33+0.29 0.50+0.16* -0.30+0.28**
8-Bromo-cAMP 40nmg/10m (i.h.) 0.65+0.17 -0.13+0.29* -0.74+0.15**

Puerarin was injected 90 mins before PGE2 injected and 10 mins after
8-Bromo-cAMP injected. The value are mean+SEM. of 8 rats per group. D,
denote the difference between the control value before 120 mins after the
start of puerarin injected. *P<0.05, **P<0.01, significantly different from
the corresponding control value (vehicle group), ANOVA.
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