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Inhibition of Guiyuan tablets on morphine-induced tolerance
and hyperalgesia in mice

LIANG Hui-chun, XU Yu-hui, WEN Quan, ZOU Feng, YE En-mao, YANG Zheng
( Cognitive and Mental Health Research Center, Institute of Basic Medical Science, Academy
of Military Medical Sciences, Beijing 100850, China)

Abstract. OBJECTIVE To investigate the effect of Guiyuan tablets on the analgesic effect of
morphine and morphine-induced tolerance and hyperalgesia. METHODS (1) The model of morphine-
induced acute tolerance Mice were ig treated with Guiyuan tablets 200, 400 and 800 mg-kg™' and 15
min later were sc treated with morphine 10 mg-kg™" every hour for consecutive 9 h. At 24 and 48 h, they
were sc treated with morphine 10 mg-kg'alone, respectively. @ The model of morphine-induced chronic
tolerance Mice were ig treated with Guiyuan tablets 200, 400 and 800 mg-kg™" and 15 min later were sc
treated with morphine 10 mg-kg™" every day for consecutive 8 d. On d 9, the mice were sc treated with
morphine 10 mg - kg™' alone. @ The model of morphine-induced established tolerance. Mice were sc
treated with morphine 10 mg-kg™' every day for consecutive 8 d. On d 1, d 4 or d 7, the mice began to
be ig co-administered with Guiyuan 200 mg-kg™'. On d 9, they were sc treated with morphine 10 mg-kg™
alone. The hot-plate test was used to detect the values of the baseline latency (T,) and the post-treatment
latency (T,) before the percentage of maximal possible analgesic effect (%MPAE) was calculated. Spec-
trophotometry was used to detect the nitric oxide synthase (NOS) activity and the nitric oxide (NO) con-
tent in the tissue of the spinal cord. RESULTS The ED,, of the analgesic effect of Guiyuan tablets was
523.5 mg-kg™" in the hot-plate test. Guiyuan tablets 200 and 400 mg-kg™" prolonged the duration of mor-
phine anti-nociception and deceased its ED,, from 4.67 to 3.14 and 0.65 mg-kg™', respectively. In the
models of both acute and chronic tolerance, Guiyuan tablets prevented the decrease of the %MPAE and
the baseline latencies ( P<0.05). In the model of morphine-induced established tolerance, Guiyuan
tablets rapidly reversed the decrease of %MPAE( P<0.05), and this compound preparation which began
to be co-administered with morphine from d 1 could significantly inhibit the increase of the NOS activity
and NO content induced by morphine in the spinal cord ( P<0.01). CONCLUSION Guiyuan tablets are
capable of enhancing the analgesic effect of morphine, prolonging the duration of morphine anti-nocicep-
tion, preventing the development of morphine-induced tolerance and hyperalgesia, and might have
neuroprotective effect.
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Morphine, as a powerful analgesic, is used
in clinically to relieve moderate-to-severe pain for
patients, especially for those with terminal cancer.
However, inappropriate use, such as repeated
administration at high doses, is likely to cause
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many serious adverse effects including depend-
ence, tolerance, hyperalgesia and respiratory
depression' '™ | which further aggravate patients’
pain. Therefore, in order to improve the life quality
of patients’, it's urgent to discover some potent
analgesic adjuvants which are capable of enhan-
cing the analgesic effect of morphine and preven-
ting the development of morphine-induced
dependence, tolerance and hyperalgesia.
Morphine-induced tolerance and hyperalgesia
are two related but different clinical occurrences.
The former means that after repeated or chronic
exposure to morphine, patients need a larger
dose of morphine to obtain the same analgesic
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effect, and the latter is that patients treated with
morphine show a hypersensitivity to the same
nociceptive stimulation'''. Up to now, the neural
mechanisms of the two phenomena are not com-
pletely understood, but there are some overlaps
between them. One of these overlaps which has
been demonstrated is the neuronal plastic chan-
ges within the spinal cord. These changes are
involved in the activation of excitatory amino acid
( EAA) receptors and subsequent intracellular
events'?*® Glutamate is a major excitatory neu-
rotransmitter in the central nervous system
(CNS ), which can activate the N-methyl-D-
aspartate receptors (NMDARs) and downstream
signaling events, including Ca** influx, neuronal
nitric oxide synthase (NOS) activation and nitric
oxide (NO) production*®’. NO overproduction
can enhance the NMDAR-dependent signaling in
a positive feedback manner, which will facilitate
the development of morphine-induced tolerance
and hyperalgesia by decreasing the morphine-acti-
vated p-opioid receptor signaling'®®’.

The Guiyuan tablets is a traditional Chinese
medicine compound preparation, which is mainly
used in the treatment of drug addiction and
consists of several medicinal herbs extracts, such
as Radix Ginseng, Radix Stephaniae Epigaeae
and Radix Astragali. In our previous studies, this
compound preparation showed its benefits in the
treatment of morphine dependence both in clinical
trials and animal experiments''®'2'. Moreover, it
also produced a weak-to-moderate analgesic
effect in the mice hot-plate and acetic acid
writhing tests'"®'. However, it’s unknown whether
this preparation could enhance the morphine
analgesia and prevent the development of
morphine-induced tolerance and hyperalgesia.
Therefore, in this study, the hot-plate test was
used to evaluate the time-effect and the
dose-effect relationships of the analgesic effect of
morphine after co-administration with Guiyuan
tablets. The effect of Guiyuan tablets on the
morphine-induced tolerance and hyperalgesia by
establishing the models of acute, chronic and
established tolerance was also evaluated. In order
to investigate whether the effect of Guiyuan
tablets on morphine-induced tolerance and hyper-
algesia is involved in the NMDARs/Ca*/nNOS/
NO signaling pathway, the NOS activity and NO
content in the spinal cord tissues of mice were
detected.

1 MATERIALS AND METHODS

1.1 Drugs and equipment

Guiyuan tablets were prepared by Yabao
Pharmaceuticla Group Co. Ltd ( Shanxi, China)
The dry power of Guiyuan tablets was dissolved in
distilled water for intragastric administration (ig).
Morphine hydrochloride ( Qinghai Pharmaceutical
Factory, China) obtained from Institute of Phar-
macology and Toxicology was dissolved in
0.9% saline for subcutaneous injection (sc). All
compounds were administered in a delivery
volume of 0.01 mL-g™'. YLS-6B intelligent hot
plate apparatus (Ji'nan Yi Yan Technology Devel-
opment Co., Ltd., China); TE124S electronic
analytical balance ( Sartorius, Germany );
UV-1200 spectrophotometer ( Mapada, China);
D2012 high speed mini centrifuge ( Scilogex,
USA); Kits of nitric oxide synthase activity and
nitric  oxide content ( Nanjing Jiancheng
Biocompany, Nanjing, China).
1.2 Animals

Adult female Kunming mice (18-22 g) used
in this study were purchased from the Experimen-
tal Animal Center of Academy of Military Medical
Sciences [ Beijing, China, Certificate Number
SCXK-( Military )-2012-0004 ]. All animals were
maintained under standard laboratory conditions
and kept in a temperature and humidity controlled
room (22+1)C, (55+5)% with a 12 h light-dark
cycle (lights on from 7,00 am to 7.00 pm). Food
and distilled water were available ad libitum. All
animal experiments were performed in accordance
with the guidelines of the Academy of Military
Medical Sciences Animal Care and Use Committee.
1.3 Hot-plate test for detection of baseline
and post-treatment latencies

The analgesic effect of drugs was determined
using the hot-plate test. Nociceptive latency of
mice was defined as the response time that
animals took to lick its hindpaws or jump with all
four feet to the hot plate (55C). The maximal
time of mice exposure to the hot plate was artifi-
cially imposed as 60 s to avoid tissue damage.
For each mouse, the baseline latency and post-
treatment latency were determined before and after
drug administration, respectively. The result was
expressed as the percentage of maximal possible
analgesic effect (%MPAE). %MPAE = ( post-treat-
ment latency —baseline latency)/ (60 s —baseline
latency ) x100%.
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1.3.1 Detecting the analgesic effect of Guiyuan
tablet

Naive female mice were randomly divided
into 5 groups with 10 mice each, including the
normal control, morphine (5 mg - kg™ ), and
Guiyuan tablet (200, 400 and 800 mg - kg™")
groups. The post-treatment latencies at a serial
time points of 0, 30, 60, 90, 120, 180, 240 and
300 min were tested to observe the time-effect re-
lationship of Guiyuan tablet analgesia. Other naive
female mice were also randomly divided into 5
groups with 10 mice each, which were treated
with Guiyuan tablets at the doses of 100, 200,
400, 800 and 1600 mg-kg™", respectively. Then
the dose-effect relationship of Guiyuan tablet anal-
gesia was assessed by fitting the dose-response
curve and calculating the ED,, value.

1.3.2 Detecting the analgesic effect of mor-
phine and Guiyuan tablets

Naive female mice were randomly divided
into three groups with ten mice each. They were
the groups of morphine (5 mg-kg™), and mor-
phine combined with Guiyuan tablets 200 and
400 mg-kg™', respectively. The time-effect rela-
tionship of the analgesic effect of morphine com-
bined with Guiyuan tablets was observed by de-
tecting the post-treatment latencies at a serial time
points of 5, 20, 35, 50, 65, 95, 125, 185, and
305 min.

Other naive female mice were also randomly
divided into three groups which were subdivided
into six subgroups. These groups included the
group of morphine at a serial doses of 2.7, 35,
45, 5.9, 7.7 and 10 mg- kg™ (ten mice for each
dose), the group of Guiyuan tablets (200 mg-kg™)
combined with morphine at a serial doses of 1,
1.5, 2.3, 3.5, 5.3 and 8 mg-kg™' ('six mice for
each dose), and the group of Guiyuan tablets
(400 mg-kg™") combined with morphine at a seri-
al doses of 0.125, 0.25, 0.5, 1.0, 2.0, and
4.0 mg-kg~'(ten mice for each dose). The dose-
effect relationship of the analgesic effect of
morphine or morphine plus Guiyuan tablets was
assessed by fitting the dose-response curves and
calculating the ED,, values.

1.3.3 Morphine-induced acute tolerance

Naive female mice were randomly divided
into five groups with ten animals each, including
normal control, morphine, and morphine combined
with Guiyuan tablets(200, 400 and 800 mg-kg™")
groups. Animals were pretreated with distilled

water or Guiyuan tablets (ig), and 15 min later
were subcutaneously injected with saline or mor-
phine (10 mg-kg™"), which were performed once
per hour for consecutive 9 h. Twenty-four and
forty-eight hours after the first administration, except
for the normal control group, each group was
treated with morphine 10 mg-kg™ (sc) alone. At the
time points of 0, 9, 24 and 48 h, the baseline (or
pre-treatment ) latencies and the post-treatment
latencies were tested and recorded, respectively.
1.3.4 Morphine-induced chronic tolerance

Naive female mice were randomly divided
into five groups with ten animals each, including
normal control, morphine and morphine combined
with Guiyuan tablets (200, 400 and 800 mg-kg™")
groups. Animals pretreated with distilled water or
Guiyuan tablets(ig) were subcutaneously treated
with saline or morphine (10 mg-kg™") once a day
for eight days. On the 9th day(d 9) except for the
normal control group, each group was treated
with morphine (10 mg-kg™'; sc) alone. The base-
line and the post-treatment latencies were tested
and recorded daily.
1.3.5 Morphine-induced established tolerance

Naive female mice were randomly divided
into six groups with ten animals each, including
normal control, Guiyuan tablets, morphine, and
morphine combined with Guiyuan tablets from
d 1, d 4 ord?7 groups. The mice were given mor-
phine(10 mg-kg™'; sc) for 8 d, and began to be
co-administered with Guiyuan tablets (200 mg-kg™;
ig) fromd 1, d 4 and d 7, respectively. On the
d 9, except for the normal control group, each
group was treated with morphine 10 mg - kg™
alone. The baseline latency and the post-treat-
ment latency were tested and recorded daily.
1.4 Detection of NOS activity and NO content
in spinal cord of morphine-induced estab-
lished tolerance mice

In the model of morphine-induced established
tolerance, all animals were sacrificed by cervical
luxation 60 min after the last administration. The
spinal cords were removed quickly on a ice-plate
washed with cold saline, blotted with filter paper
and stored at —20C until used. The NOS activity
and the NO content in the spinal cord were detected
at 24 h after sample collection in accordance with
the instructions of their commercially available kits.
1.5 Statistical analysis

The data were expressed as x+s, and were
assessed using one-way ANOVA followed by
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Dunnett’s multiple comparison ( SPSS 18.0 soft-
ware, Chicago, IL, USA) or using two-way
ANOVA followed by Bonferroni’s multiple compari-
son ( GraphPad Prism 5.0 Software, San Diego,
CA, USA). The level for statistical significance
was o=0.05 and the statistical charts were drawn
by GraphPad 5.0 Software.

2 RESULTS

2.1 Analgesic effect of Guiyuan tablets in
hot-plate test

As shown in Fig.1, Guiyuan tablets had a
weak-to-moderate analgesic effect and had an
ED,, value of 523.5 mg-kg™'(95%Cl. 362.2 to
756.8). Sixty minutes after ig administration, the
%MPAE values of Guiyuan tablets at the doses of
200, 400 and 800 mg-kg™' were (22.49+6.18) %,
(52.04+£12.49)% and (78.57+10.58) %, respec-
tively. Compared with the normal control group
(%MPAE= (8.17£1.55)%), Guiyuan tablets
200 mg-kg™" group didn’t showed significant
analgesic effect. The analgesic effect of Guiyuan
tablets 800 mg - kg™ was similar to that of mor-
phine 5 mg-kg™' [ %MPAE = (70.84+12.98)%). Mo-
reover, the duration of the analgesic effect of
Guiyuan tablets was longer than that of morphine.
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Fig.1 Analgesic effect of Guiyuan tablets in hot-plate

test. % MPAE. the percentage of maximal possible alalgesic

effect. xxs, n=10. **P<0.01, compared with the normal control
group.

2.2 Effect of Guiyuan tablets on morphine
analgesia in hot-plate test

As shown in Fig.2, Guiyuan tablets could
markedly prolong the duration of morphine analge-
sia and decreased its ED,, value. 95 min after
administration, the analgesic effect of morphine

(5 mg-kg™') alone waned to (11.2+9.9)%,
whereas morphine plus Guiyuan tablets (200 and
400 mg - kg™ ) still exhibited marked analgesic
effect with the %MPAE of (79.7+11.0)% and
(97.2+2.8) %, respectively. These effects of the
two co-administration groups could be seen even
up to 305 min after administration with the
%MPAE of (51.6+12.8)% and (52.5+11.3) %,
respectively ( Fig.2A). Moreover, Guiyuan tablets
at the doses of 200 and 400 mg-kg™" decreased the
ED,, value of morphine analgesia from 4.67 mg-kg™
(95%Cl . 3.87 to 5.64) to 3.14 mg-kg™' (95%ClI:
1.95t0 5.06) and 0.65 mg-kg™' (95%CIl; 0.40 to
1.06) , respectively (Fig.2B).
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Fig.2 Effect of Guiyuan tablets on morphine analgesia
detected by hot-plate test. Animals were ig treated Guiyuan
tablets 15 min prior to 5 mg-kg™" morphine (sc). x+s, n=6-10.
“P<0.05, compared with the morphine group.

2.3 Effect of Guiyuan tablets on the morphine-
induced acute tolerance and hyperalgesia

The data revealed that after repeated admin-
istrations for consecutive 9 h, the analgesic effect
of morphine declined markedly, but Guiyuan
tablets showed a dose-dependent inhibition on
this decreasing tendency. The %MPAE values of
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morphine combined with Guiyuan tablets 200, 400
and 800 mg - kg™ groups were (90.1+6.8)%,
(96.6+3.4)% and 100%, respectively, which
were significantly higher than those of morphine
group [ (51.9£14.6)%, P<0.01). This inhibitory
effect of Guiyuan tablets even lasted to 24 and
48 h. Forty-eight hours after the first administra-
tion, the %MPAE values of the groups of mor-
phine combined with Guiyuan tablets 200, 400 and
800 mg-kg~' were (59.9+9.5)%, (60.1x11.5)%
and (60.0+11.4)%, respectively, which were still
significantly higher than those of the normal control
((3.1£3.0) %, P<0.01) and the morphine[ (22.3+
6.2)%, P<0.05) groups ( Fig.3A). Although the
baseline latency of morphine group was significant-
ly decreased from the original (16.9+4.4) s to
(10.7£2.6) s before the last administration
(t=3.516, P<0.01), that of the morphine plus
Guiyuan tablet groups didn’t show any significant
decrease( P > 0.05; Fig.3B).
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2] Morphine 10 mg-kg™ [ Morphine+Guiyuan 400 mg-kg”'
ok k i A5 % M Morphine+Guiyuan 800 mg-kg"
904 NS il
=
o 60
=
R
30+
0 AN s - b 2N
9 24 48
Time/h
B 36
[J0h
24h
W 48h

The baseline latency of licking
hindpaws/s

6 200 400 800
Morphine+Guiyuan/mg-kg’

Fig.3 Effect of Guiyuan tablets on morphine-induced
acute tolerance (A) and hyperalgesia (B). x+s, n=10.
*P<0.05, ™ P<0.01, compared with the normal control group;
#P<0.05, #P<0.01, compared with the morphine group of Fig.A.

x+s, n=10. *P<0.05, **P<0.01, compared with each corre-
sponding group at the time point of 0 h of Fig.B.

2.4 Effect of Guiyuan tablets on morphine-in-
duced chronic tolerance and hyperalgesia
As shown in Fig.4, after repeated administra-

tions, the % MPAE value of morphine group de-
creased from 100% on day 1 to (24.7+9.1)% on
day 8, but the values of morphine plus Guiyuan
tablets (200, 400 and 800 mg-kg™') groups were
just reduced to (59.5+10.8) %, (80.7+7.9) % and
(83.4+8.8) %, respectively. On day 9, except for
the normal control group, each group was treated
with morphine alone. The %MPAE values of the
three co-administration groups were (60. 2 +
10.7)%, (57.9+6.3)% and (59.4+8.6)%, re-
spectively, significantly higher than those of either
the normal control group( (2.6+0.9)%, P<0.01]
or the morphine group( (20.6+9.4)%, P<0.01)
(Fig.4A). Although the baseline latencies of the
normal control and morphine groups significantly
decreased from (18.2+5.0)s and (19.3+5.9)s on
d1to (8.9x£3.2)s and (12.4+x4.7)s on d 9,
respectively (the normal control group. t=5.201,
P <0.01; the morphine group: t=3.810, P<
0.01), that of the three morphine combined with
Guiyuan tablets groups did not show any notable
decrease (Fig.4B).
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Fig.4 Effect of Guiyuan tablets on morphine-induced
chronic tolerance (A) and hyperalgesia (B). x+s, n=10.
*P<0.01, compared with the normal control group; *P<0.01,
compared with the morphine group of Fig.A. x+s, n=10. ** P<0.01,
compared with each corresponding group on d 1 of Fig.B.
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2.5 Effect of Guiyuan tablets on morphine-
induced established tolerance and hyperalgesia

The results suggested that Guiyuan tablets at
the dose of 200 mg - kg' with no significant
analgesic effect could effectively eliminate the
development of morphine tolerance when co-
administered from d 1, and could quickly reverse
the morphine-induced established tolerance when
co-administered from d 4 or d 7. On d 9, when
animals were treated with morphine alone, mor-
phine group with a %MPAE value of (22.8 =
9.3) % did not show any preponderance in anal-
gesia, but the groups of morphine plus Guiyuan
tablets from d 1, d 4 or d 7 with their respective
%MPAE values of (47.7+13.0)%, (54.3+10.0)%
and (44.9+7.2) % still showed a significant analge-
sic effect [ the normal control group: % MPAE =
(2.2x£1.0)%, P<0.01) (Fig.5A). When Guiyuan
tablets (200 mg-kg™') began to be co-administered
from d 1, they effectively inhibited the decrease in
the baseline latency induced by morphine (d 1.
(19.38+3.07)s; d 9: (14.3+7.4)s; t=2.727,
P>0.05], but failed to reverse this decrease when
it began to be co-administered from d 4 (d 1.
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Fig.5 Effect of Guiyuan tablets (200 mg-kg™) on
morphine-induced established tolerance ( A) and
hyperalgesia(B). xts, n=10. **P<0.01, compared with the
normal control group; * P<0.01, compared with the morphine
group of Fig.A. x+s, n=10. ™ P<0.01, compared with each corre-
sponding group from day 1 of Fig.B.

(19.71+4.02)s; d 9; (7.92+2.36)s; t=6.366,
P<0.01) ord 7(d 1. (19.82+3.39)s; d 9;
(10.22+4.77)s; t=5.187, P<0.01) (Fig.5B).
2.6 Effect of Guiyuan tablet on NOS activity
and NO content in spinal cord of morphine-in-
duced established tolerance mice

As shown in Tab.1, Guiyuan tablets 200 mg-kg™,
(ig) alone had no effect on the levels of these
two biochemical parameters, but morphine
10 mg-kg™', (sc) caused an increase both in the
NOS activity (P<0.01) and in the NO content
(P<0.01), which was effectively blocked by
Guiyuan tablets. Especially for the co-administra-
tion from d 1, the levels of NOS activity and NO
content were significantly decreased by Guiyuan
tablets [ NOS activity: (7.24+0.36) kU -g™" pro-
tein, and NO content; (1.38+0.09 )umol-g~" pro-
tein; P<0.05), respectively.

Tab.1 Effect of Guiyuan tablets on nitric oxide syn-
thase (NOS) activity and nitric oxide (NO) content in
the spinal cord of morphine-induced established toler-
ance mice

NOS activity/ NO content/

Gro
up kU-g~" protein umol-g~' protein

Normal control 7.09+0.34 1.24+0.15

Guiyuan 200 mg-kg™' 6.97+0.38% 1.23+0.15"
Morphine 10 mg-kg™' 7.93+0.37 " 1.79+£0.11™
Morphine+Guiyuan from day 1~ 7.24+0.36* 1.38+0.09%

1.48+0.12* #
1.53+0.13* #

day 4 7.53+0.34
day 7 7.70+0.36 "

xxs, n=10. *P<0.05, **P<0.01, compared with the normal
control group; #P<0.05, *#P<0.01, compared with the morphine
group.

3 DISCUSSION

The findings of the present study showed that
Guiyuan tablets were able to enhance the analge-
sic effect of morphine, reflected by the decreased
ED,, value and the prolonged duration. Mean-
while, Guiyuan tablets not only effectively preven-
ted the development of morphine-induced acute
and chronic tolerance, but also quickly reversed
the morphine-induced established tolerance. In
addition, the obtained results indicated that this
compound preparation could prevent the develop-
ment of morphine-induced acute and chronic hy-
peralgesia, but failed to reverse the established
hyperalgesia. In vitro, Guiyuan tablets had no in-
fluence on the levels of NOS activity and NO con-
tent in the spinal cord of animals, but could inhibit
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their increased levels induced by chronic mor-
phine exposure when this compound preparation
was co-administered from d 1. However, when
co-administered from d 4 -d 7, this preparation
failed to reverse the formed high levels of NOS
activity and NO content induced by morphine.

In this study, Guiyuan tablets exhibited a
pharmacological profile of weak-to-moderate anti-
nociception with an ED,, value of 523.5 mg-kg™
in the mice hot-plate test, which was consistent
with our previous observation'™®’. Guiyuan tablets
had no or weak analgesic effect at the dose of
200 or 400 mg-kg™', but when it was co-adminis-
tered with morphine, there was a marked leftward
shift in the dose-response curve of morphine anti-
nociception. At the same time, our data showed
that the 9%MPAE values of Guiyuan tablets
(200 mg-kg™') and morphine (5 mg-kg™') were
15%-20% and 60%-70%, respectively, and the
value of their co-administration was 80% —85%,
suggesting that there might be a synergistic anal-
gesic action between morphine and Guiyuan
tablets. Besides, Guiyuan tablets could signifi-
cantly prolong the duration of morphine anti-noci-
ception, which might be independent on the anal-
gesic effect of Guiyuan tablets, for the preparation
at the dose of 200 mg - kg™' had no analgesic
effect, but significantly prolonged the duration of
the effective anti-nociception of morphine 5 mg -
kg™ from 65 min to 305 min. However, it’s un-
clear why Guiyuan tablets could increase the du-
ration of morphine analgesia. A large amount of
evidence demonstrated that the analgesic effect of
morphine including intensity and duration was
closely related to its metabolism in vivo, especial-
ly for its plasma concentration''*"""!. So the effect
of Guiyuan tablets on the duration of morphine an-
algesia might be associated with its inhibition on
morphine metabolism in the body. Unfortunately,
we didn’t detect the plasma concentration of mor-
phine after administration in this study. In order to
identify the mechanism of the prolonged effect of
this compound preparation on the duration of mor-
phine analgesia, further research is needed to ob-
serve the pharmacokinetic profile of morphine
when administered alone or co-administered with
Guiyuan tablets.

It's known that chronic or repeated exposure
to morphine can easily induce tolerance and hy-
peralgesia'®’. The results of our study revealed
that Guiyuan tablets could prevent the develop-

ment of morphine-induced acute and chronic toler-
ance effectively. This inhibitory effect was not
dose-dependent, because either in the acute or in
the chronic tolerance model, after the last admin-
istration with morphine alone, the %MPAE values
of the groups of morphine plus Guiyuan tablets at
different doses were similar. In the model of mor-
phine-induced established tolerance, meanwhile,
Guiyuan tablets were capable of reversing the es-
tablished tolerance rapidly. Based on these find-
ings, Guiyuan tablets indeed contributed to antag-
onizing the morphine-induced tolerance. Moreover,
our data also showed that this preparation could
attenuate the development of the morphine-in-
duced acute and chronic hyperalgesia, but failed
to reverse the established hyperalgesia induced by
morphine. What was mentioned above not only
suggested that in order to effectively prevent the
development of morphine-induced tolerance and
hyperalgesia, Guiyuan tablets should be co-admin-
istered with morphine from the beginning in clinical
pain management, but also indicated that there
might be some different mechanisms between the
effects of Guiyuan tablets on morphine-induced
tolerance and hyperalgesia.

Morphine-induced tolerance and hyperalgesia
are two different adverse effects, but they are
closely associated with each other and share
some molecular mechanisms'?’. Among their
overlapping mechanisms, the neuronal plastic
changes within the spinal cord have been consid-
ered an important one, which involve the activa-
tion of excitatory amino acid receptors and the
transduction of subsequent signaling pathway
such as NMDARs/Ca®*/nNOS/NQ!*¢-121)
Therefore, in order to determine whether the
inhibitory effect of Guiyuan tablets on morphine-
induced tolerance and hyperalgesia was involved in
the neuronal plastic changes induced by chronic
morphine exposure, we detected the levels of NOS
activity and NO content in the spinal cord of mice in
the present study. Our data revealed that chronic
morphine administration indeed increased the levels
of NOS activity and NO content in the animal spinal
cord significantly as previously studies*® | and
Guiyuan tablets had no influence on the levels of
the two biochemical parameters. When this prepa-
ration began to be co-administered with morphine
from d 1, it could significantly inhibit the increase
of NOS activity and NO content induced by
morphine, which suggested that Guiyuan tablets
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potentially confer neuroprotection that might be
attributed to the mechanisms of the inhibitory
effect of Guiyuan tablets on morphine-induced
tolerance and hyperalgesia.

It is worth noting that when Guiyuan tablets
began to be co-administered with morphine from
d4 or d 7, they failed to effectively reverse the
high levels of NOS activity or NO content induced
by morphine. This result was consistent with the
behavioral effect of Guiyuan tablets on morphine-
induced established hyperalgesia. So the molecular
mechanism of Guiyuan tablets on morphine-
induced hyperalgesia may be directly associated
with the regulating action on the high levels of NOS
activity and NO content in the spinal cord induced by
morphine.

In view of the inconsistent results that
Guiyuan tablets were capable of reversing the
morphine-induced established tolerance but failed
to reverse the formed high levels of NOS activity
and NO content induced by morphine, we specu-
late that the inhibitory effect of Guiyuan tablets
may be not directly involved in regulating the
abnormal levels of NOS activity and NO content in
the spinal cord. It’s known that the activation of
NMDA receptors not only induces the increase of
NOS activity and NO content, but also leads to
the activation and translocation of protein kinase C
(PKC). The latter will further mediate the mor-
phine-activated u-opioid receptor phosphorylation
on the cell membrane. The phosphorylated p-opi-
oid receptor mediated by PKC shows desensitiza-
tion and fails to induce endocytosis, which has
been considered to be a molecular basis of the
tolerance to morphine'?®'. Therefore, besides the
regulation of Guiyuan tablets on the morphine-
induced high levels of NOS activity and NO con-
tent, this compound preparation may be involved
in the NMDARs/Ca*/PKC pathway. We didn’t
detect the levels of PKC in the present study, for
the hypothesis that the inhibitory effect of Guiyuan
tablets on morphine-induced tolerance is associat-
ed with the NMDARs/Ca*/PKC signaling path-
way, further study is needed.

As mentioned in the introduction, Guiyuan
tablets consist of several medicinal herbs extracts.
The components of this preparation are so com-
plex that it"s difficult to find out about the main
bioactive constituents. In this compound prepara-
tion, Stephaniae Epigaeae as one of the compo-
nents is rich in tetrahydroprotoberberines

(THPBs) which belong to the isoquinoline alka-
loids. Many studies have demonstrated that these
alkaloids mainly act on the dopaminergic system
in the brain and the spinal cord' """/ |- Tetrahy-
dropalmatine ( -THP ) and /[-stepholidine (-SPD)
are two important active substances of THPBs,
which have shown some benefits in the treatment
of weak-to-moderate pain and drug addic-
tion'?*/ So the analgesic effect of Guiyuan tab-
lets and the antagonism on morphine addiction
may be associated with the pharmacological
action of these isoquinoline alkaloids. However,
whether the inhibition of Guiyuan tablets on mor-
phine-induced tolerance and hyperalgesia is also
the pharmacological properties of THPBs is far
from clear. Due to the complex mechanisms of the
morphine-induced tolerance and hyperalgesia,
and the diversity of Guiyuan tablet composition,
more efforts are needed to analyze the bioactive
ingredients of this preparation and to explore the
molecular mechanisms of pharmacological actions.

Moreover, we found that the baseline laten-
cies of the normal control group did not show any
obvious decrease in the model of morphine-
induced acute tolerance, but they did in the model
of morphine-induced chronic tolerance. This ther-
mal-induced hyperalgesia might have been a
learning process for animals repeatedly exposed
to nociceptive stimuli. In the model of morphine-
induced established tolerance, the baseline latency
of Guiyuan tablet group was significantly
decreased in the normal control group, which
suggested that this preparation did not impact the
learning course of animals to escape nociceptive
stimuli. However, when it began to be co-admin-
istered with morphine from d 1, this preparation
could effectively prevent the decrease of the base-
line latencies of animals. This indicated that
Guiyuan tablets could inhibit the development of
the abnormal pain sensitivity induced by morphine.

In summary, our work revealed that Guiyuan
tablets possessed some benefits in increasing the
intensity and the duration of morphine anti-noci-
ception and preventing the development of mor-
phine-induced tolerance and hyperalgesia. They
could effectively inhibit the increase of the NOS
activity and NO content in the spinal cord induced
by chronic morphine exposure, which indicated
that it might have neuroprotective effect. And this
neuroprotection may be involved in the mecha-
nisms of the inhibitory effect of Guiyuan tablets on
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morphine-induced tolerance and hyperalgesia. In
the light of these, Guiyuan tablets have the poten-
tial to be an analgesic adjuvant to reduce the ther-
apeutic dose of morphine, to prolong the duration
of morphine anti-nociception, and to prevent the
development of morphine-induced dependence,
tolerance and hyperalgesia.
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