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ABSTRACT

Background: Herbal medicine Ja-Geum-Jeong (JGJ) has been used for the treatment of detoxification in East-
ern Asia. However, the mechanisms involved are not clearly defined. The purpose of the present study was to
investigate if herb medication inhibits Methamphetamine (METH)’s reinforcing effect and also examined if a
combination of herb medication and acupuncture produces a synergistic effect on METH.

Methods: Male Sprague-Dawley rats were given acute METH intraperitoneally and the locomotor activity and
ultrasonic vocalization (USV) calls were measured. Rats were administered JGJ orally and acupuncture was given
at HT7 or SI5. Monosodium glutamate (MSG) and gamma-aminobutyric acid (GABA) agonists were injected
into the Central amygdala (CeA) to investigate a possible neuroscientific mechanism. Tyrosine hydroxylase (TH)
and fast scan cyclic voltammetry (FSCV) were measured to immunohistochemically and electrically confirm the
behavioral data.

Results: Locomotor activity and USV calls were increased by METH (P < 0.05) and these increases were inhibited
by JGJ (P < 0.05). Also, JGJ had no effect on the normal group given saline, and acupuncture at SI5 acupoint,
but not at HT7 acupoint, produced a synergistic effect when combined with JGJ (P < 0.05). The JGJ’s inhibition
was blocked by the inactivation of CeA (P < 0.05), and MSG mimicked JGJ (P < 0.05). TH and FSCV measures
showed the same pattern with the behavioral data (P < 0.05).

Conclusion: Results of the present study suggest that JGJ had inhibitory effects on the METH which was mediated

through the activation of CeA and that combination of acupuncture and herb produced synergistic effect.

1. Introduction

Drug addiction is a representative obstinate disease and metham-
phetamine (METH) is one of the drugs worldwide abused.! Also in Asia,
methamphetamine addiction has reached a serious level.> METH de-
creases appetite and increases motor activity, respiration, heart rate and
body temperature. Repeated use of METH results in not only functional
but also structural changes in brain,®-* and when withdrawn, diverse
emotional, neuropsychiatric, and physical problems can occur.®

METH exerts the psychostimulant effects by enhancing the activity
of dopamine (DA) neurons, the representative excitatory neurons, pro-
jecting from the ventral tegmental area (VTA) to the nucleus accumbens

(NAc) and known to play a key role in the mesolimbic system of mid-
brain, so-called reward center. Therefore, development of a therapy has
been focused on regulating DA activity.®

Although many studies have been performed to develop an opti-
mal treatment, METH addiction remains difficult to treat.” Therefore,
various approaches including complementary and alternative medicine
(CAM) have been tried.

Oriental medicine, a representative CAM developed in Eastern Asia,
has been gaining interest in many fields, including drug addiction.'%!!
It seeks for functionally harmonizing or balancing rather than activates
or inhibits in one-way.'?> Herb medication, one of the major therapies
of the Oriental medicine, has been used to treat diverse diseases for
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thousands of years in Eastern Asia. Scientific researches have demon-
strated that herb medication has therapeutic effects for many health
problems,'?!> and even neuropsychiatric disease has been shown to
be improved.'®7 However, there have been few studies showing an
inhibitory effect of herb medication on drug addiction, in particular
METH.

Ja-Geum-Jeong (JGJ, also known as Zi Jin Ding in Chinese), a fa-
mous herb formula for detoxification in Eastern Asia, has also been used
for cancer and inflammatory diseases.'® Cho et al. reported JGJ’s inhi-
bitions of nitric oxide (NO) and reactive oxygen species (ROS) in hep-
atoma cell and regulation of cell cycle,'°?! and recently an animal study
has demonstrated JGJ’s amelioration of an atopic dermatitis-like skin
lesion through regulation of the inflammation-related chemokines.??
Thus, JGJ’s effects of detoxification and anti-inflammation were antic-
ipated to be effective for the drug addiction and we examined if JGJ
could inhibit the METH’s psychostimulant effects, and a possible neuro-
scientific mechanism was investigated with focusing on the DA neuron
activity.

In the neuroscience research, tyrosine hydroxylase (TH) expression
serves as an immunohistochemical evidence for the activation of a neu-
ron such as DA.?> And the fast scan cyclic voltammetry (FSCV) is usu-
ally used to electrically examine a neuronal activation.> Therefore, we
measured the TH expression and FSCV to confirm the behavioral data
in another way.

2. Methods
2.1. Animals

Eight-week-old male Sprague-Dawley rats were obtained from Dae-
han Animal (Seoul, Korea) and reared under controlled-conditions for
temperature (23 + 2 °C), humidity (55 + 5 %), and a 12-hour light/dark
cycle (lights on at 7:00 a.m.) with ad libitum food and water. Experi-
mental procedures involving animals were performed under protocols
approved by the Daegu Haany University Institutional Animal Care and
Use Committee (DHU2021-032).

2.2. Chemicals and reagents

METH hydrochloride, Mono Sodium Glutamate (MSG), Muscimol
(MUS; Gamma-aminobutyric acidy, (GABA,) receptor agonist), and Ba-
clofen (BAC; GABAg receptor agonist) were purchased from Sigma
Aldrich (St. Louis, MO, USA). JGJ, provided by Chung Shin Herbal
Medicine (Daegu, Korea), was dissolved in 0.05 % carboxymethyl cel-
lulose (CMC) and water for oral administration following a recipe de-
scribed previously.?%2?

2.3. Stereotaxic surgery and microinjection

Rats were anesthetized with intraperitoneal injection of sodium pen-
tobarbital (50 mg/kg, i.p.). For the intracerebroventricular (i.c.v.) injec-
tion, 26 gauge guide cannula (Plastics One, Roanoke, VA) was implanted
into the central amygdala (CeA) (AP —2.5, ML +4.5, DV —7.5) according
to an atlas®® and was fixed to the skull with dental cement. The animals
were allowed 7 days before the test to recover from surgery. The CeA
was infused using an internal cannula, connected by polyethylene tub-
ing to a 1 yl Hamilton syringe. The inner cannula was left in place for an
additional 60 s to allow diffusion of the solution and to prevent reflux.
CeA injections were performed 5 min before testing.

2.4. Locomotor activity and ultrasonic vocalization ( USV)26

Locomotor activity and USV calls (50-kHz) were measured simulta-
neously in a sound-attenuated chamber consisting of two black acrylic
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boxes to minimize exterior noise (inside box: 54 x 38 x 35 cm, out-
side box: 68 x 50 x 51 cm). A condenser ultrasonic microphone (Ul-
tramic 250 K, Dodotronic, Castel Gandolfo, Italy) and a digital cam-
era were suspended at the center of the ceiling of the chamber. As per-
formed in our previous study, locomotor activity was recorded with a
video-tracking system (Ethovision XT; Noldus Information Technology
BV, Wageningen, Netherlands) and 50-kHz USVs were recorded using
an Ultra Sound Gate 416H data acquisition device (Avisoft Bioacous-
tics, Glienicke, Germany) and analyzed by Avisoft-SAS Lab Pro (version
4.2, Avisoft Bioacoustics). After recording the baselines of locomotor
activity and USVs for 30 min, i.p. injection of METH (1 mg/kg)?/-%®
and acupuncture treatment were performed, and then monitored up to
60 min. GABA mixture (MUS 0.06 nmol%%:3° + BAC 0.6 nmol®!-32; 0.5
ul/side, i.c.v.) and MSG (400 ug/1 ul; 0.5 ul/side, i.c.v.)3? was injected
into the CeA before METH administration. Data were expressed as the
distance traveled (cm) for locomotor activity and numbers of 50-kHz
calls for USV, during each 10-min period.

2.5. FSCV

Electrically stimulated DA release in the NAc was measured by FSCV
in vivo as described previously.**3> A 7.0-um diameter carbon fiber
was inserted into borosilicate glass capillary tubing (1.2 mm o.d.; A-
M Systems, WA, USA) under negative pressure and was subsequently
pulled on a pipette puller (Sutter Instrument, Model P-97, CA, USA).
The carbon fiber electrode (CFE) was then cut under microscopic con-
trol with 150 to 200 ym of bare fiber protruding from the end of the
glass micropipette and was back-filled with 3 M KCI. The CFE potential
was linearly scanned with a triangular waveform from —0.4 to 1.3 V
and back to —0.4 V vs. Ag/AgCl (scan rate 400 V/s). Cyclic voltam-
mograms were recorded at the CFE every 100 milliseconds (10 Hz) us-
ing a Chem Clamp voltage clamp potentiometers (Dagan Corporation,
MN, USA). Recordings were performed and analyzed using LabVIEW-
based (National Instruments, TX, USA) customized software (Demon
Voltammetry) .>* For FSCV recording of DA signals, rats were anes-
thetized with urethane (1.5 mg/kg, i.p.) and placed at a stereotaxic
frame. Bipolar coated stainless steel electrodes and a capillary glass-
based CFE were stereotaxically positioned into the medial forebrain bun-
dle (MFB; AP —2.5, ML +1.9, DV 8.0 to 8.3) and the NAc (AP -1.6,
ML +0.8 to 1.9, DV 6.5 to 8.0), respectively, according to the rat brain
atlas.%°

The MFB was stimulated with 60 monophasic pulses at 60 Hz (4 mil-
lisecond pulse) with 2-min intervals. Once the stimulated DA response
was stable for at least five consecutive collections (variation less than
10 % of mean), baseline measurements were taken. After a stable base-
line establishment, rat received an injection of METH. The DA signals
were recorded for 60 min after treatment.

JGJ (100 mg/kg) was administered orally.?%->> GABA mixture (MUS
1 mg/kg/ml*’%% + BAC 3 mg/kg/ml**-4?) and MSG (4 mg/kg/ml)*+4>
was injected intravenously.

2.6. Immunohistochemistry for TH expression®?

Brains were prepared to measure TH immunoreactivity levels in the
VTA (AP -5.8 to —6.3, ML +0.8, DV —8.2 to —8.5). Brains were taken
out after perfusion with 4 % paraformaldehyde in 0.1 M phosphate
buffer (PB, pH 7.4), post-fixed, and cryo-sectioned into 30-ym-thick.*®
The brain sections were incubated with rabbit polyclonal antibodies,
anti-TH (1:500; Millipore, USA), followed by 120 min of incubation at
room temperature with a biotinylated donkey anti-rabbit Alexa Fluor
594 (red; 1:500; Sigma Aldrich, USA) and were mounted onto gelatin-
coated slides. The slides were photographed and quantified using a con-
focal laser scanning microscope (LSM700, Carl Zeiss, Germany). The
level of TH immunoreactivity in each VTA brain section was counted
and averaged from collected three sections.
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2.7. Acupuncture treatment

Acupuncture was performed at each acupoint bilaterally for 1 min
without anesthetization. Small Intestine meridian 5 acupoint (SI5) is
located on the posteromedial aspect of the wrist, in the depression be-
tween the triquetral bone and the ulnar styloid process.*” Heart merid-
ian 7 acupoint (HT7) is located on the anteromedial aspect of the wrist,
radial to the flexor carpi ulnaris tendon, on the palmar wrist crease.*”>4®
Locations of acupoints anatomically corresponded to the points in hu-
man.*°

Acupuncture needle (0.18 mm diameter and 8 mm length, Dong-
bang Medical Co., Qingdao, China) was inserted vertically to a depth of
2-3 mm into each acupoint and stimulation was delivered by twisting
the needle at a frequency of 2 times/sec for 10 s when inserted and with-
drawn immediately after an intraperitoneal injection of METH. To min-
imize stress during acupuncture, daily handling was given for 2-3 min.
The normal group received the same treatment with acupuncture group
without needle stimulation.

2.8. Statistical analysis

Data were parametric and were analyzed by one- or two-way re-
peated measurement analysis of variance (ANOVA) followed by post
hoc Tukey test or unpaired t-test using Prism 7 program (GraphPad).
Data were presented as mean + standard error of the mean (SEM) and
P values < 0.05 were considered statistically significant.

3. Results

3.1. Effects of combination with JGJ and acupuncture at SI5 on the
METH’s reinforcement: locomotor activity

Systemic injection of METH (1 mg/kg) increased locomotor activity,
which lasted up to about 60 min compared to the normal group (Fig. 1B,
*P < 0.05). However METH-induced increase of the locomotor activity
was significantly inhibited by JGJ (Fig. 1B, #P < 0.05, two-way ANOVA,
F(24,120) = 15.42). Also, the JGJ itself did not affect the locomotor ac-
tivity in the saline-treated normal rats (Fig. 1B-D).

In addition, acupuncture at SI5, but not at HT7, enhanced inhibitory
effect of JGJ on the increase of locomotor activity by METH (Fig. 1E-G,
*P < 0.05, two-way ANOVA, Fy4 go) = 5.456), showing a synergistic
effect.

3.2. Effects of combination of JGJ and SI5 acupuncture on the METH’s
reinforcement: USVs

To investigate the effects of JGJ on the METH-induced excitatory
affective states, the 50-kHz USV call was measured. Acute administra-
tion of METH significantly increased the number of 50-kHz USV calls
for 60 min, compared to normal group (Fig. 2C, *P < 0.05). However
the increase was significantly inhibited by the JGJ (Fig. 2B, *P < 0.05,
two-way ANOVA, F 54 120)=5.354). And this inhibitory effect of JGJ was
not shown in the normal group (Fig. 2B and C).

Also, the inhibitory effect of JGJ was enhanced by the acupunc-
ture at SIS, (Fig. 2D, two-way ANOVA, F(16 gp)=2.259; Fig. 2E, one-way
ANOVA, F(5 10)=0.062, P < 0.05).

3.3. Involvement of CeA in the inhibitory effects of the JGJ on the METH’s
reinforcing effect

Locomotor activity and USVs were measured in the same manner
with the previous experiment to investigate whether CeA was involved
in the inhibitory effect of JGJ. METH significantly increased locomo-
tor activity (Fig. 3B, *P < 0.05), which lasted for 60 min, and JGJ
suppressed this increase. However, this inhibitory effect of JGJ was
reversed by the pretreatment with the GABA mixture into the CeA,
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implying that activation of the CeA underlied JGJ’s effect (Fig. 3B;
two-way ANOVA, Fi4 477=4.527, *P < 0.05, METH+JGJ vs. METH;
$P < 0.05, GABA+METH+JGJ vs. METH+JGJ). The GABA only treat-
ment produced no change from the normal group.

The MSG+METH group was assigned to exam if activation of the CeA
could mimic the JGJ’s inhibitory effect on the METH’s reinforcement.
MSG showed a similar effect with the JGJ (Fig. 3B-D).

Likewise, number of the 50-kHz USV calls increased by METH and
was suppressed by JGJ. And microinjection of GABA mixture into
the CeA reversed the inhibitory effect of JGJ (Fig. 3E and F; two-
way ANOVA, F49 477)=1.31, *P < 0.05, METH vs. Normal; #P < 0.05,
METH+JGJ vs. METH; 3P < 0.05, GABA+METH+JGJ vs. METH+JGJ).
Unlikely locomotion, MSG did not show an inhibition pattern against
METH (Fig. 3E and F).

3.4. Immunohistochemical analysis; TH expression in the VTA

In the immunofluorescence examination of the VTA slices, JGJ in-
hibited the increase of TH expression by METH, and MSG mimicked the
JGJ effect. Also, microinjection with GABA reversed JGJ’s inhibition, in
parallel with the behavioral data.

In addition, the combination with SI5 acupuncture showed a syner-
gistic effect compared to the JGJ only.

On the other hand, the GABA only and the JGJ+SI5 combination did
not result in a significant difference from the normal group (Fig. 4B; one-
way ANOVA, F(; 57)=232.6, *P < 0.05, METH vs. Normal ;#P < 0.05,
METH+JGJ vs. METH; $P < 0.05, GABA+METH+JGJ vs. METH+JGJ;
@Pp < 0.05, METH+JGJ+SI5 vs. METH+JGJ).

3.5. Effect of JGJ on the electrically stimulated DA release in the NAc

To confirm the data of behaviors and TH expression electrically using
measurement of DA neuron activation in the mesolimbic system, the
FSCV was applied to the NAc.

METH increased the peak amplitude of DA release in the NAc by
207.6 + 21.4 % at 16 min compared to the baseline and remained ele-
vated for up to 50 min. This increase of DA release was attenuated by
124.8 + 4.8 % by JGJ (Fig. 5D, two-way ANOVA, F(19; 1152)=1.998,
*P < 0.05, METH vs. Normal; P < 0.05, METH+JGJ vs. METH).

Also, MSG mimicked JGJ’s inhibition of the METH’s reinforcement,
and the GABA mixture blocked JGJ’s inhibition but not statistically sig-
nificant.

The combination with SI5 acupuncture enhanced the JGJ’s inhibition
in the later period but the difference was not statistically significant.

4. Discussion

The present study found that JGJ inhibited the increases of locomo-
tor activity and USV calls by METH and that SI5 acupuncture enhanced
these inhibitory effects when combined with JGJ. Also, JGJ’s inhibition
was mediated, at least in part, through the activation of CeA, as shown
in our previous study of acupuncture.>®

At first, we investigated whether JGJ had inhibitory effects on
METH. METH increased the locomotor activity and the number of USV
calls (Figs. 1A-C and 2C and D), in parallel with the previous stud-
ies,>>>°1 and JGJ significantly attenuated these increases. The pattern
of increase of the 50-kHz USV calls was similar with that of the loco-
motor activity, as shown in our previous study.?® These results suggest
that JGJ has inhibitory effects on the METH’s reinforcement. JGJ was re-
cently reported to be effective for cancers and atopic disease.!®2> Most
of all, JGJ showed detoxifying effect on the alcohol-induced liver dam-
age.®? Therefore, we speculated it could be effective for the METH, and
indeed, JGJ inhibited METH. And interestingly, JGJ did not show an
inhibitory effect on the locomotor activity and USV calls in the nor-
mal group which was treated with saline, implying that JGJ selectively
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acted on the METH (Figs. 1B-D and 2B and C). These results of selec-
tive effectiveness are similar with those of previous studies®*->* and this
phenomena is thought to be because those Oriental Medicine therapies
produce effects by normalizing an abnormal status,*® not by acting in
one way of activation or inhibition, i.e. Oriental Medicine seeks for the
harmony or homeostasis.'? Therefore, its treatments may not effective
in normal status.

More importantly, JGJ produced a synergistic effect when combined
with acupuncture. Acupuncture at SI5 enhanced the JGJ’s inhibition of
locomotor activity and USV calls (Figs. 1E-G and 2D-F). In other study
also, a combination of acupuncture and herb medication has shown syn-
ergistic effects.”® Actually, these two treatments are often administered
together in Oriental Medicine clinics of Eastern Asia.>® However, few
studies have demonstrated scientifically the synergistic effects of the
combination, and thus this study is meaningful.

Also, acupuncture at SI5 but not at HT7 showed the synergistic ef-
fects, indicating that this acupuncture effect was not from mechani-
cal needle stimulation. SI5 has been used to control mental unease or
emotion-related diseases.?”>>” It reduces cravings for drug, locomotor
activity, and c-Fos expression induced by abused drugs such as mor-
phine. .58:59:60 This point specificity has been shown frequently in our
previous studies.>3-58:59,61 And, this study has demonstrated for the first
time that the point specificity works also in the synergistic effect which
is produced by the combination with herb.

The CeA has been focused in many studies about drug addiction and
has been revealed to play an important role in the METH’s reinforce-
ment, although the role in detail is controversial.>%-2:53 In our previous
study also, the acupuncture’s inhibition of METH’s reinforcement was
mediated through the activation of CeA>° and therefore we investigated
whether the CeA was involved in the JGJ’s inhibition of METH’s rein-
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forcement. Our results showed that inactivation of CeA by pretreatment
with GABA agonists mixture® blocked the JGJ’s inhibition of METH
(Fig. 3). This indicates that JGJ’s inhibition of METH was mediated, at
least in part, through the activation of CeA. In addition, we microin-
jected the MSG to activate CeA and MSG mimicked JGJ, suggesting that
inhibition of the METH requires activation of the CeA. These results sug-
gest that the CeA is involved in the METH’s reinforcement and that JGJ’s
inhibitory effects are mediated through the activation of CeA, as shown
in our previous study that showed acupuncture’s inhibition of METH
was mediated via activation of CeA.

CeA, belonging to the extended amygdala, serves as an integra-
tive hub for behavioral and physiological responses.®*%> It is re-

lated to not only emotional and motivational problems but also sub-
stance abuse.®® The major neuron of CeA is GABAergic®* and it mod-
ulates mesolimbic DA system serving as the reward center in the drug
abuse®”-68:%9 through the GABAergic projection to the VTA.”? Taken
together, our results of the JGJ’s inhibition of METH may be be-
cause JGJ activated the CeA and the activated-GABAergic inhibitory
input to the VTA DA pathway attenuated the METH’s reinforcing
effect.

To immunohistochemically confirm the behavioral data, TH expres-
sion was examined as evidence of DA neuron activity.?> In the mesolim-
bic system, the DA neuron projecting from the VTA to the NAc is known
to play a key role for the psychostimulants’ reinforcing effects. As shown
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Fig. 4. TH expression in the VTA. (A) Representative TH expression images. a: Normal, b: METH, c¢: METH+JGJ, d: MSG+METH, e: GABA+METH+JGJ, f: GABA
only, g: JGJ+SI5, h: METH+JGJ+SI5. Scale bar=20 ym; (B) Number of TH reactive cells (P < 0.05). *P < 0.05, METH vs. Normal; #P < 0.05, METH+JGJ vs. METH;
$P < 0.05, GABA+METH+JGJ vs. METH+JGJ; @P < 0.05, METH+JGJ+SI5 vs. METH+JGJ. Each group n = 8.

in the locomotor activity and 50-kHz USV calls, TH expression was
increased by METH and reduced by JGJ. And this reduction by JGJ
was enhanced by the combination with SI5 acupuncture, suggesting
the synergistic effect. In addition, MSG mimicked JGJ and the GABA
mixture blocked the JGJ’s inhibition (Fig. 4), supporting the behavioral
data.

Thereafter, we electrically measured DA neuron activity using
FSCV?%* for additional confirmation. Likewise, METH increased DA re-
lease in NAc, and JGJ significantly reduced this increase by METH.
These results suggest that JGJ attenuated METH-induced increases of
locomotor activity and 50-kHz USV calls by reducing DA release in the
NAc. Taken together with the TH expression, it is thought that the de-
crease of DA neuron activity in the mesolimbic system underlies JGJ’s
inhibition of METH.

In addition, MSG mimicked JGJ’s effect, suggesting that inhibition
of METH requires the activation of CeA. GABA reversed JGJ’s inhibi-
tion, and SI5 was synergistic with JGJ, showing similar pattern with
the TH expression and behavioral data, although it is not that all of the
differences in the FSCV were statistically significant.

One more interesting thing is, Zarrindast et al.”! showed that
intra-CeA injection of nicotine resulted in the anxiogenic-like behav-
ior and the authors questioned whether activation of CeA by nico-

tine reduced VTA DA impulse flow. Here our TH and FSCV data
showed that METH-induced increase of DA neuron activity measured
in the VTA and NAc was inhibited by the activation of CeA with JGJ
or MSG.

In summary, the present study demonstrated that JGJ attenuated
the METH’s reinforcement, and that this inhibition was mediated
through the activation of CeA, in parallel with our previous study
on acupuncture. Also, the combination with acupuncture at SI5 en-
hanced JGJ’s inhibition, suggesting that a combination of herb medica-
tion and acupuncture produced synergistic effect compared to the herb
alone.

This study has some limitations. First, it would be better if the effects
of JGJ was studied in more detail i.e. the most effective single compound
was investigated. Also, the neuronal network in the brain is very com-
plex, therefore other neuroscientific mechanisms in addition to the CeA
should be further studied, regarding to the synergistic inhibitory effects
of JGJ and SI5.

In conclusion, this study suggests that JGJ and SI5 acupuncture can
be considered as useful treatments for METH addiction and that their
combination is better than alone. Further researches should follow this
study to confirm the usefulness of the combination of herb and acupunc-
ture for the treatment of drug addiction.
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