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A Review on the Pain and Depression Comorbidity Animal Models

Ji-Hye Song'*, Hye—-Jung Kook'*, Byung-Jin Park', Song-Yi Kim?, Ji-Yeun Park’

'College of Korean Medicine, Daejeon University,
’College of Korean Medicine, Gachon University

Objectives : The purpose of this study is to analyze animal behavioral changes and related neurobiological mechanisms in recent
studies using animal models with pain and depression. Methods : We conducted database search in Pubmed, NDSL, and EMBASE
up to January 2021. Included studies were classified as depression-like behavior observed in pain model, pain-like behavior
observed in depression model, and pain and depression comorbidity model. The results of pain- and depression-like behaviors,
the changes of neurobiological mechanisms, and the treatment methods such as drugs, natural substance-derived chemicals, or
acupuncture were analyzed. Results : We included 124 studies (81 studies in depression-like behavior observed in pain model, 19
studies in pain-like behavior observed in depression model, and 24 studies in pain and depression comorbidity model). Pain and
depression comorbidity animal models were induced using various methods by drugs or surgery. Von frey test, a method for
evaluating mechanical allodynia was the most commonly used for measuring pain-like behavior and the forced swimming test was
the most commonly used for measuring depression-likes behavior. The changes of neurobiological factors, such as decrease of
5-hydroxytryptamine and increase of oxidative stress and pro-inflammation cytokines were generally changed in the frontal
cortex, hippocampus, thalamus, and spinal cord in all types of models. For treating pain and depression-like behaviors, various
types of drugs such as antidepressant, tranquilizer, analgesic, and natural substance-derived chemicals were used. Acupuncture
treatment was used in 4 studies. Conclusions : In the future, more diverse studies on the combined model of pain and depression
need to be conducted. In addition, it is necessary to establish a mechanistic basis for the development of various treatments by
identifying the common mechanisms of pain and depression.
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Excluded with following reasons:

*  Not using pain and depression comorbid model (n=201)
*  Not using mouse or rat (n=34)

* Not original articles: review, letter, commentary, case

report, only abstract, thesis for a degree (n=151)
y +  Not written in English or Korean (n=51)

124 records included

v

Classification criteria :
*  Depression-like behavior observed in pain model (n=81)

+  Pain-like behavior observed in depression model (n=19)
+  Pain and depression comorbidity model (n=24)

Fig. 1. Flow diagram for classifica—
tion of pain and depression comor-

bidity animal models.
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Fig. 2. Number of published articles using pain and depression comorbidity animal models from 2007 to January 2021.
Published articles were analyzed by types of pain and depression comorbidity animal models (depression-like behavior observed in pain
model, pain-like behavior observed in depression model, and pain and depression comorbidity model).
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2 ERI5}7] ¥3t abdominal withdrawal reflex test (AWR)2}
intestinal motility assay (IMA)7} AREE ATt

59 5743 5P| Hg o E= OFT (n=9)7t 7Fg
ol ARgE|Glom, 11 o] EPMo| ARSER{TKTable 2).

3) 550 2359 B3 oA 55 E -2 P50 wEH
BHn=24): B3I -5 BAlol fel] I3 o R:
reserpine 2FE F£(n=13)7} 7P @o] AREE|lom, 11 o
intermittent cold-stress (ICS; n=1)7} AF&E It E3 523
5= 27 ok S Hidolo] ARSR AHER Uk
g, 95 £°] CCI-CUMS (n=2), CCl-chronic mild stress (CMS;
n=1), SNL-OB (n=1), PNL-SDS (n=1), SNI-restraint stress (RS;

Table 2. Depression-induced methods and results of depression-like, pain-like, and locomotor behaviors in depression models

Species De_pression— Depression-like Pain-like Locomqtor
of induced : Result . Result behavior Result Refrences
stress methods behavior test behavior tests test
Chronic OB FST, MWM D Formalin test | OFT D 27,58, 72
stress Von frey, TFT, HPT, D
Radiant heat test
UCMS SPT D Electrode implantation | OFT D 71
CVsS Sl D Von frey D OFT, EPM D 66
CACS FST, SPT D AWR | EPM D 129
IMA D
SDS Sl D Von frey, Capsaicin D OFT, EPM D 119, 66,
125
CRS FST, TST Von frey D OFT, EPM D 42
Acute HAB - - Hargreaves D EPM D 53
stress
FSS TST, SPT, Pentobarbital hypnosis D LIS, Urinary bladder distention I - - 34, 77
test, Nest building test Von frey, Hargreaves, HPT D
PNS FST D Formalin test | - - 57, 80, 88
ARS FST, MBT, SPT D Von frey, HPT D EPM D 23
FST TST D LIS, Von frey, Hargreaves D - - 46, 96

AWR : abdominal withdrawal reflex; AWR score, ARS : acute restriction stress, CACS : chronic-acute combined stress, CRS : chronic

resistant stress, CVS : chronic variable stress, D : decreased, Electrode implantation :

number of head flicks, grooming time, head

turning time, EPM : elevated plus maze; time and number of entries, Formalin test : time of licking, FSS : foot shock stress, FST : forced
swimming test; mobility, HAB : high anxiety-related behavior, Hargreaves : latency time, HPT : hot plate test latency time, | : increased,
IMA : intestinal motility assay; ratio of dye migration distance/total intestinal length, LIS : low intensity innoxious stimuli; paw withdrawal
ratio, MBT : marble burying test; number of buried marble, MWM : morris water maze: exploring time, Nest building test : nest quality,
OB : olfactory bulbectomy, OFT : open field test; traveled distance and time, Pentobarbital hypnosis test; duration of sleep, PNS :

prenatal stress, Radiant heat test : latency time, SPT : sucrose preference test; grooming duration, SDS

. social defeat stress, Sl :

social interaction test; traveled distance and retention time in each zone, TFT : tail flick test; withdrawal latency, TST : tail suspension
test; mobility, UCMS : unpredictable chronic mild stress, Urinary bladder distention : visceromotor response, Von frey : withdrawal threshold.
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n=1), trinitro-benzene-sulfonic acid (TNBS)-CUMS (n=1),
nerve growth factor (NGF)-chronic unpredictable stress (CUS;
n=1), CFA-CUMS (n=1), CFA-WKY rat (n=1) 59] #o] AL&5]
At

EZ 95 v HUIE 95 WPHO 2= von frey test (n=24)7}
713 @o| g8 Elor, 1 Qo] Hargreaves test, algometer,
PAT, Randall-Selitto, HPT, TFT, capsaicin test, acetone test,
formalin test, colorectal distention (CRD) ¥ H|R[=A] H7} =}
HR1 grip testZF ARGEI AT

-2 P& S F7FHO R = FST (n=207} 7P o] &8

o, TST, EPM, SPT, EZM, ST, MWM, anhedonia test,

NSF 2 [DT S9] 5pw A}8E|9lc}

FEY 2542 Bk WHCE OFT (n=157F 71 Hol
ol g=|glom, 11 oo EPM} EZMo| AREEIITKTable 3).
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4. S8 RY QU NPUBY 7|
1) 55 BdojA 92 g5o] TEE FAHo=8l): 55 Zdol
A $-& BFsol WH 95 Hardt A7 811 F 29735809
Aol AAESHA 713E THEkele] Halsiylth S4E =8
o= tix]9] hippocampus (n=18) ¥ frontal cortex (n=11) ¥
FoloH, 1 o= amygdala (n=5), nucleus accumbens (n=
3), thalamus (n=3), insula (n=2), striatum (n=1), locus coeruleus
(0=1) 5 =] Fo] EA=II T Hax(n=11), FHn=9),
#FZAA(0=1), 7Ho=1) 5ol 71-A77F = Ak Fig. 3).
o] 291 5 7F B2 ﬁ‘_rLﬂ' HArE hippocampus el
= glutamatezg) EFED gAF I
dioxygenase 1 (Ido1)*, "é”"ﬂi— TAoke Tl gExl
glial fibrillary acidic protein (GFAP)®, n]Ao}mA 3 Hlo] Qu}
7121 ionized calcium-binding adapter molecule 1 (Ibal)®#4%,
N-methyl-D-aspartate (NMDA) receptor1/2 (NR1/2)”, =}
7 ol 9 calmodulin %9t WY Ca®/calmodulin-

=49l indoleamine 2, 3-

Table 3. Pain and depression-induced methods and results of pain-like, depression-like, and locomotor behaviors in pain and depression

comorbid models

Spepies of Pain a_nd o . Depression-like Locomqtor
pain and _ depression— Pain-like behavior tests Result behavior test Result  behavior  Result  References
stress  induced methods test
Drug Reserpine Capsaicin test | NSF | OFT, EZM D 15, 22, 31, 35,
50, 63, 67,
Von frey, Randall-Selitto, Grip D FST, TST, ST, D 68, 76, 90,
test, Harareaves, HPT, TFT MWM 109, 114, 118
Cold ICS Von frey, Hargreaves D FST D OFT D 130
stress
Composite CCl & CUMS Von frey, Acetone test D FST, SPT D - - 49, 107
ness CCl & CMS PAT | FST, Anhedonia test D - - 56
Von frey, Acetone test D
SNL & OB Von frey, Hargreaves test, D FST D OFT D 26
Acetone test
PSNL & SDS Von frey, Hargreaves test D - - OFT, EPM D 109
SNI & RS Von frey D FST D OFT D 120
TNBS & CUMS  CRD D FST D OFT D 48
NGF & CUS Von frey, HPT D FST, LDT D EPM D 127
CFA & UCMS Formalin test | SPT D OFT, EPM D 54
HPT D
CFA & WKY rat  Algometer | FST D - - 75

Acetone test : latency, Algometer :

pain threshold, Anhedonia test : cereal intake, Capsaicin test :

licking of paw, CCI : chronic constriction

injury, CFA : complete Freund’s adjuvant, CMS : chronic mild stress, CUMS : chronic unpredictable mild stress, CRD : colorectal distention;

threshold score, D : decreased, EPM :
in open area, Formalin test : time of licking, FST :
time, HPT : hot plate test: latency time, | : increased, ICS :
maze; time to reach platform, NGF :

elevated plus maze: time and number of entries, EZM :
forced swimming test; mobility, Grip test :
ice cold stress, LDT :

nerve growth factor, NSF : novelty—supressed feeding test; latency time to feed, OB

elevated zero maze; retention time
muscle strength, Hargreaves : latency
light—dark test; retention time, MWM : morris water
. olfactory

bulbectomy, OFT : open field test; traveled distance and time, PAT: place escape/avoidance test; time within white area, PSNL : partial

sciatic nerve ligation, Randall-Selitto : pain threshold, RS :
SNI : sciatic nerve injury, SPT : sucrose preference test, ST :
withdrawal latency, TNBS :
Von frey : withdrawal threshold.

resistant stress, SDS :
sucrose test; grooming time, STZ :
trinitro—benzene-sulfonic acid, TST : tail suspension test; mobility, UCMS :

social defeat stress, SNL : sciatic nerve ligation,
streptozotocin, TFT : tail flick test;
unpredictable chronic mild stress,
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+ Glutamate, BDNF, CREB, testosterone, progesterone, 17B-estradiol, Ibal,MAO, B-amyloid peptides, KYN, TRP 1
/ 5-HT, DA, GIuRS5, NR1, NR2B |

* ROS, NOS, NQO11t / HO-1, SOD, GSH, Nrf2 |

* IL-1B, IL-4, IL-6, IL-10, TNF-«, IFN-y, COX-2, MAPK, NF-Kb, CD11 t

* Glutamate, Ido1, GFAP, Iba1l, NR2B, NR1/2, CaMKIl, MAO, B-amyloid peptides, Synaptophysin 1
/ NA, 5-HT, DA, GABA, GAD |

» ROS, NOS, Lipid peroxidation, GST, NQO1, MPO t / HO-1, SOD, GSH |

* IL-1B, IL-6, IL-10, TNF-o, IFN-y, COX-2, MAPK, NF-Kb, CD11 1

* PI3K, AKT t

Hippocampus

e Frontal cortex

Striatum Thalamus

Nucleus accumbens

Insula e—— Locus coeruleus

A

* ADRA2A, TH, NAT 1
* ERK 1

Amygdala

* GluR6, MOR |

| » CaMKIl t/ GABA, MOR, NR1, NR2B, TRIP8b |

- Iba-11 / 5-HT, GIuR6 |
<IL-1B 1

« Iba1, CREB, BDNF, c-Fos, CaMKIl 1 / SIRT1 |
+ IL-1B, TNF-a, MAPK, CD11b 1
« PIK3CA, AKT, mTOR, Ppp1r9b 1

* Iba1, Ido 1, MOR, NR2B, CGRP, GFAP, P2X7 Receptor t
/ 5-HT, NA, DA |

* HO-1, NQO1, Nrf2 |

+ IL-1B, TNF-a, TANK, CCRL2, TLR2, MAPK, NF-kB, CD11 t

Fig. 3. Changes of neurobiological mechanisms in the brain and spinal cord of depression-like behavior observed in pain model.
Blue color represents neurotransmitters, red color represents oxidative stress related biomarkers, green color represents inflammatory
biomarkers, and black color represents cell growth related biomarkers. ADRA2A : alpha—-2A adrenergic receptor (@ 2A adrenoceptor),
AKT : protein kinase B, BDNF : brain-derived neurotrophic factor, CaMKIl : Ca”*/calmodulin-dependent protein kinase, CD11 : integrin
a, CREB : cAMP response element-binding protein, COX-2 : cyclooxygenase—2, DA : dopamine, ERK : extracellular signal regulated
kinase, GABA : gamma—-aminobutyric acid, GAD : glutamate decarboxylase, GFAP : glial fibrillary acidic protein, GIuR5 : metabotropic
glutamate receptor 5, GIuR6 : glutamate receptor 6, GSH : gluthathione, GST : glutathione S-transferases, HO-1 : heme oxygenase-1,
Ibal : ionized calcium binding adaptor molecule 1, Ido1 : indoleamine 2, 3—-dioxygenase 1, IL : interleukin, IFN-7 : interferon gamma,
KYN : kynurenine, NOS : nitric oxide synthase, MAO : monoamine oxidase, MAPK : mitogen—activated protein kinase, MOR : 1 —opioic
receptors, MPO : myeloperoxidase, mTOR : mechanistic target of rapamycin, NA : noradrenaline, NF-« B : nuclear factor kappa-
light-chain—enhancer of activated B cells, NLRP3 : NOD-like receptor pyrin domain—containning protein 3, NMDA : N-methyl-D-aspartate,
NR1 : NMDA receptor 1, NR2B : NMDA receptor 2, Nrf2 : nuclear factor erythroid 2-related factor 2, NQO1 : NAD(P)H dehydrogenase
1, PIK3CA : phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha, P2X4 : P2X purinoceptor 4, P2XY7 : P2X purinoceptor
7, PI3K : phosphoinositide 3-kinases, PP1R9B : protein phosphatase 1 regulatory subunit 9B, ROS : reactive oxygen species, 5-HT :
serotonin, SOD : superoxide dismutase, TLR2 : toll-like receptors 2, TNF-a : tumor necrosis factor-a, TRIP8b : tetratricopetide
repeat—containing Rab8b-interacting protein, TRP : tryptophan.

dependent protein kinase (CaMK11)™, o}l thalol] Thojsh=
monoamine oxidase (MAO)*2} 8 -amyloid peptides™, Al
23 Sl synaptoshysin’®e] o] S7hEglom, 4144
o 229l noradrenaline (NA?, 5-HT®"9, DAY gamma-
aminobutyric acid (GABAY?, glutamate decarboxylase (GADY?
= faE ZoE HuEQlr) A AEH AL AH reactive
oxygen species (RO9)', nitric oxide synthase (NOS)*'**?
lipid peroxidation®?, glutathione S-transferases (GST)®**,
NQO1™, myeloperoxidase (MPOY?9] B2 Z7}w|glon],

Avsl gvte} BEE heme oxygenase-1 (HO-1*", super-
oxide dismutase (SOD)*, gluthathione (GSH)*?2] B4 74
H Zoz HuEgch E3F 34 ¥ QIARI interleukin
(ID)-1 84987 116 11-10", tumor necrosis factor-a
(INF-a)™®, TFN-72, cyclooxygenase (COX-2*, MAPK™,
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF- « B, cD11""°¥2 w5 2718 Ao Busg)
o A ZA47} IHAH phosphoinositide 3-kinases (PI3K)2};
protein kinase B (AKDE 25 Z7}=]o] 9k,
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Fontal cortexClA1= glutamate™

factor (BDNF)?#%, mitogen-activated protein kinase (MAPK)®,
AH|E0|E S 2 testosterone, progesterone, 17 8-estradiol)’?,
microglia cell & Q1xKIba1®?, CD11b/c'), tryptophan (TRP)
iAF T 2420 Wi 2717t BaEglch uhE A AgEEe]
5-HT?, DA®, metabotropic glutamate receptor 5 (mGluR5)?”
I} NR1/279] 2o 7h4E Zog BuE 9}, Alst AEHA
o} FE RS % ROSY, NOS* % NAD(P)H dehydrogenase
1 (NQOD™2] Wik Z7HsI91om], g4kt A|TE2] HO-1, SOD,
GSH, nuclear factor erythroid 2-related factor 2 (Nrf2)2] @&
A Fog BuEet . wek i el QRIERI I1-18, 114,
IL-6, IL-10, TNF- @, interferon gamma (IFN-7), COX-2, NF-
KB 25 U] 3vbd Zlo B Aeeo)

Amygdala G9ol|4l= Ibal, CREB, BDNF, c-Fos, CaMKIL, Al
X Z4] 3 QIRE{Phosphatidylinositol-4, 5-Bisphosphate
3-Kinase Catalytic Subunit Alpha (PIK3CA), AKT, mTOR,
Protein Phosphatase 1 Regulatory Subunit 9B (PP1R9B)], %
9% T QRE(L-1 8, TNF- @, MAPK, CD11)#4%¥2] e
2 Z71=99.04, CaMKII pathway2} S35 histone deacetylase
9l sirtuin [ (SIRTD"¥ 748 Ao HIE|Qlc,

Thalamus GECA= CaVKI2) &L Z7119101 GABAY,
1 -opioid receptor (MOR)37), NR159), NR2B59), tetratricopetide
repeat-containing Rab8b-interacting protein (TRIPSb)” S
ABRAGEL] TES 7AE Ao HIE

Nucleus accumbens ¥ ol Tba-13} [1-1 8 9] LS &
7kst9.om ™ 5-HTO9} glutamate receptor 6 (GluR6)”9] ¥+
< aE Zos Byt

Locus coeruleus FHO4+= noradrenergic dysfunction®}

, brain-derived neurotrophic

T5o] alpha-2A adrenergic receptor (@ 2A adrenoceptor;
ADRA2A), TH, NAT, ERK®] 2do] Z71e Zog Husgr?,

I 99, 9] Striatum FHolAE= endogenous opioid
system®} TAE MOR1" o] ZH4E9lom, Insula FoA]
L GABAergic @A 21zt 215 GluR6™”9} MORVS] Hiélo]
A4aE Zo= B uErkFig. 3).

Aol A= 1hal®, 1do1®”, Nef2 & HO-1 B43slo]] o 24
= MOR™®, A¥A 74 #elsE NMDA Receptors
(NMDARS) subunit NR2B'®, ZHAJE 542} ¥ 417 HEl=
(calcitonin gene-related peptide; CGRP)®, GFAP”®, ERK
pathway ¥ proinflammatory cytokine¥} 3% P2X purino-
ceptor 7 (P2XY7) receptor™9] ¥ho] Z7he|glon, A4
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£l 5-HT, NA, DA ZAsIIel®). ®3t gals} olxpsel
HO-1, NQOL, Nif29] o] 7asiglony™, vhal 134 Q1at
?l IL‘I 687), TNF_(IGOALHO), MAPKlZD, NF_ I{.b/kl.llo)7 CD1112D,
TNF- @ 2} NF- £ B pathway2}t &% TANK, CCRL2, toll-like
receptors 2 (TIR2)9] W2 Z7xlo] At (Fig. 3).

a2 99 7l BYE F 849 A9 corticosterone'?,
substance P, EHET tia} AZ(KYN/TRP?9] Wo] 57}
Ho] 9o, 1-18, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12,
IL-13, IL-17, IEN-7, TNF- @, granulocyte colony-stimulating
factor (G-CSP)2F -2ttt A5/ IAE9] o] 371t A
o= EQ%E}M.%&ZGOBZBO)' Vol A= 11-1 B9} Ido1 2] BHlo]
Z7Yst.om, R AoAE 1L-14 9 o] Sl

2) 85 B0 85 vhSo| BEE w19 =5 1
doflA &5 Wkgol TEE BeE Hast 1919 A+ 5 91
(47.4%9] QoA AFBESH 7S Basielon, 15 &
ZHn=5)0] ARZ 7P @o] LEEt 1 Qo] thx|(n=2), &4
(n=1), Hn=1) FHollA biomarkerE2] Wa7} H =Tt

7P B A7 839t 23131 9] ¢ corticosterone,
trigeminovascular system¥t IHE 417 HEJ=Ql CGRP,
brain-gut axis®} A BDNF/CREB2} cAMP-specific 3,5 -
cyclic phosphodiesterase 4A (PDF4A)2] ¥do] Z71H Zo=g
H RGBT

th=19] frontal cortex GOl = AFHEEZ] NA9F 5-HT
o] Wrdo] ZAE|lon, Alst AE#HA # QIARI ROS, NOS,
lipid peroxidation &2 271519, Hippocampus 4ol
A= BDNF, ROS, NOS, lipid peroxidation®] #&lo] 7151910
U, 5-HT*"9} PDE4A™9] &L 7H4E Ao BuEglt,
Amygdala, thalamus, cellebellum, Z5oA= 35202 417
AGEHEQ NASH 5-HI7h st Ao ey (g 4)

o] Qo= tjRollAl= BDNF/CREBS} PDF4AS] HHdo] S715t
Aoz BuHA.

3) 550 2359 B3 oA 55 E 2 P50 wER
BHn=24): T3 259 B sERES L83 2449 A
T3 AFRYESH 713 B8 1471(58.3%)2] A-ollAl=
] 5o A#EE TEn=14)0] 7P Eol ZE= Ut 1 9
GHn=7), F5n=3), T5{n=1)°IA thI2L biomarkers2] Ha}
7} R %ickFig. 5).

] F91E 5 frontal cortexOAE AFXAZEZQ] NA,
5-HT, DAS] 'Io] astgon ™% 15} Aedx el
Q1R ROS™®, NOS'®!?, lipid peroxidation, MAO'"9} @&
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+ BDNF t /5-HT, PDE4A |
+ ROS, NOS, Lipid peroxidation 1t

* ROS, NOS, Lipid peroxidation t

Frontal cortex

Hippocampus

Thalamus

Amygdala

" H—
(o]

NA, 5-HT |

Cellebellum

Pain and Depression Comorbidity

Fig. 4. Changes of neurobiological
mechanisms in the brain and spinal
cord of pain-like behavior observed
in depression model.

Blue color represents neurotrans—
mitters, red color represents oxida—
tive stress related biomarkers.
BDNF : brain—derived neurotrophic
factor, ROS : reactive oxygen species,
NA : noradrenaline, NOS : nitric oxide
synthase, PDE4A : cAMP-specific
3’,6'~cyclic phosphodiesterase 4A,
5-HT : serotonin.

[ - BONE 1 /NA, 5-HT, DA |

* NA, 5-HT, DA |

» Substance P, BDNF, GFAP, P2X4, MAO t

- Lipid peroxidation t / SOD, Catalase, GSH |
« IL-1B, TNF-a, NF-Kb, MAPK, NLRP3, ERK 1
» Caspase-3 t

/ NA, 5-HT, DA |

* ROS, NOS, Lipid peroxidation, MAO t
« IL-1B, iNOS, ERK 1t

Frontal cortex

AcCC

BLA

Hippocampus

Thalamus

—)‘I—/f’k Locus coeruleus

PAG DRN

* GluN2B t
« Catalase |
+ Caspase-3 1

[ THi || NA. 5-HT, DA, 2-AG, NMDA | |

| BONF, GFAP1 || 5-THY |

Fig. 5. Changes of neurobiological mechanisms in the brain and spinal cord of pain and depression comorbidity model.
Blue color represents neurotransmitters, red color represents oxidative stress related biomarkers, green color represents inflammatory

biomarkers, and purple color represents cell death related biomarkers.

2-AG : 2-Arachidonoylglycerol, BDNF : brain—derived neurotrophic

factor, DA : dopamine, ERK : extracellular signal regulated kinase, GFAP : glial fibrillary acidic protein, GIuN2B : glutamate [NMDA] receptor

subunit epsilon-2, GSH : gluthathione, IL-14 : interleukin-14, iNOS :

inducible nitric oxide synthase, NOS : nitric oxide synthase, MAO :

monoamine oxidase, MAPK : mitogen—activated protein kinase, NA : noradrenaline, NF-« B : nuclear factor kappa-light-chain—enhancer
of activated B cells, NLRP3 : NOD-like receptor pyrin domain—containning protein 3, NMDA : N-methyl-D-aspartate, P2X4 : P2X
purinoceptor 4, ROS : reactive oxygen species, 5-HT : serotonin, SOD : superoxide dismutase, TNF-a : tumor necrosis factor-a.

uke 3} #AE 11-1 82, iNOS™®, ERK'79] WS Z7lsl9iet

Hippocampus @%oll4l= ROS . G574 Aol 2Jsf) 24|
L A7} g A3HDEA substance P, BDNF, GFAP'?,
microglia®] W 283} g Pox4'?, Ak AEgA Y &
-7 P43 FEE MAO'Y, Aksl AEFA Z71 82lel
lipid peroxidation ¥ ¥5d QUARRI IL-18, TNF-a, NF-« B,
MAPK, NLRP32] ¥do] Z7lstgirt. WA A HAEE22l NA,
5-HT, DA9} g4kst @421 SOD, catalase, GSHE] &2 7443}
93\]:]_105,108,112).

7 9Jo] ACC golH ERKS] o] Z7H7sigion,
thalamus FollA= BDNFO] &L F7I6Il o, A3-E=E
Z9l NA, 5-HI, DA9] W@ astdey™ ™. Basolateral
amygdala (BLA) Folxi= AlEA 7k 283 H-isto]
NMDARs®} Al GluN2B R AJIE AFEo] #ofSh= caspase-3
o wHo] 715t WhA caralase®] WL ZHASIGLH?.
Periaqueductal gray (PAG) FFoll41+= GFAP2} cAMP response
element-binding protein (CREB) E3s}e} #aiEl BDNF'29]
o] Z7}51.2H, dorsal raphe nucleus (DRN) FolAl=
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5-HT9] &do] 2453t Locus coeruleus FYGolA= THE
Hhglo] 714519}, Aol A= NA, 5-HT, DA, endocannabinoid
systemr& T-435H= 2-Arachidonoylglycerol (2-AG), A73AIZ2]
HEA] gy} yiE NMDAY o] Zasige ™2
(Fig. 5).

71 9lof] -4 corticosterone & 9 11-189] Hte2®
Z7}=19l01, melatonin’, 5-HT'®, NAYY, DaA3Ve] wrae 7+
4% Aoz HuEQILh
5.&= R RIE 3= YY 24

1) 5 Edox & o] TAE FHn=8D): 7 72
AEE Am HEES AT A 55 BHolA 9= 350l
T S A8A, JAA, 23A, F-=2A, AL FEA,
EA 0] et o2 HIRsto], A AE FEE YU T8

HRES A 27 So| ARRE|QItHTable 4).

[T

¢
N

ZR8A19] 739 arachidonyl-2-chloroethylamide (ACEA; A
A 1§ 7hpaol= 584 Z8A)C, GW405833 (K814 2

o
3 7hju)ol= ZR8A), tramadol (1-2.3]Q0|= 584 =
8A4)", clonidine (@2 of=#d@4 84 2-8A4)*, 8-OH-
DPAT (5-HT1A =84 ZH8A)™, WIN55212, HU210 1]
ol 584 gAY 0] ALGEIATL, AR} - ProTx-
I (NaV1.7 25 A9 AT JAA)>, AG490 (JAK/STAT 415
A AR, 1-MT Q1012 3-0Akskas: AA)™, PeTxl
(Acid Sensing lon Channel 1-a A151@ A4, manbalgin-1
(ASIC1a A&l OIRIAI™, SB242084 (AEhd] 5-HT2c 8] ©]
AR, ketamine (NMDA =84 AR, MPEP (A€}
mGluR5 GAA), Ro 61-8048 (Kynurenine Monooxygenase &
AAN, TL-1RA (type 1 11-1 5831 ZZA" 271 ALg= it

F9-2A19] 739 e AI=Ed g AfsAl(Selective sero-
tonin reuptake inhibitor; SSR)Q! fluvoxamine, fluoxetine,
vortioxetine”'®, SNRIQ! duloxetine®®, A18HA| #2491
amitriptyline, desiprarrlinezg’137)°] ARG AT

o] &Jof|, ulA|Q] 739 sevoflurane, propofol, pentobarbital,
pentobarbital sodiume] AHgEILor™, HlzropAA 417
AR diazepam’™™, HR9] F3A/EA pregabalin'”,
ol A % 9]okZel morphine”®, cebranopadol, 37144
% 331291 @ - (phenylselanyl) acetophenone (PSAP?, 3-(4-
Chlorophenylselanyl)-1-methyl-1H-indole (CMD', mrtrifluoro-
methyl diphenyl diselenide (m-CF3-PhSe)2”7} AR&E|9)}. 7]
B} AMGEH oFEEE HIV oEe] EfA &5 =HQll
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TAT-GluA2-3Y peptide (Tat-3Y)2} EAH0] tixt HEto| =21
TAT-GluA2-3A peptide (Tat-3A)'*, non-steroidal anti-in-
flammatory drugs (NSAIDs)Q! ibuprofen'®, 3484121 mino-
cycline®, 9154 22 #3lZ(amyotrophic lateral sclerosis,
AL9Ol ARBE= OKE9 riluzole™, DNAY] F8 " Zoi=}el
S-adenosylmethionine (SAM)'™®, Leptolyngbya ‘@Alato] 714
31 9K 5-HT7 584l Alga o= 2shge] Sl DUQUoo21™,
Tripterygium wilfordii Hook F (TWHR)2] 59 &4 QIA} 5 s}
el triptolide (CooHu09)'™®, 4-methylcatechol®, ethosuximide”
7F AREEIQIE

e B BB = Hae&(phaerococcus coronopifolius)
F&20] AgElom™, Fopel g3 F EatEe] Qe
Za]9=2] curcumin®, 2750l 9= isorhynchophylline™,
gl7kz Ha)o] thkS U= 328 59 dycyrrhizic acid™, 7iH
204 9= dihydromyricetin®, ke, 2=u}e] S9] 09
F3/4891 B-caryophyllene®, B, T2 Ea| Ao WA=
ZalR10]=9] chrysin'”, B22a], o3l 2-2 AR5} of
o] 29 AEQ sulforaphane”™, WEH] = 217 Z2lo]A 2]
8} Q1 ofH] ARl D-aspartate’™ 50| AREIIE.

3 AE 2= ST36 9ol AA=(100H, 454 297HE Al
3t A7 5 B IITKTable 4).

2) 85 BdojA 85 who| BER w19 =5 1
oA 55 W&ol WEH AS, A= AHEE =2 ohHA
A 99221 morphine, FERA|Q] buspirone, &--&A] SSRI!

fluoxetine” >} citalopram™, 4184 3224191 imipramine™

12 bhosphodiesterase-4 AAA|Q] rolipram'?,

3} desipramine
W zclollw A 417 FgAIQ] diazepam'™, 971381 %E e
Q1 PSAP?, 420] mo]EgeAl 0 24 EajuA] B9 trans-
Resveratrol 0] AF&E|Ict dokf Q2 E42E withania
somnifera®7} ALEEIICHTable 4).

3) 5 22359 B3 mdojA 55 € -2 Fo] #ER
BHn=24): 35 =259 BY sELHA Ago] AH&H
ok 3024 2 SSRIS! fluoxetine” 7+ SNRIQ! duloxetine®,
SE|2H|Ro|= 4 AAIL metyrapone'™, 3t 2484
9l pramipexole”, WeHEY SA] 284191 6-chloromelatonin”,
TRPV1 Z&AIR] SB-366791%, P2X4 Z3AIR1 5-BDBD?, 1,
ligand 34191 2-BFI, phenyzoline”} AL&-E|9.0m®) 1=A)
Q1 CR4056, 3,5-Dimethyl-1-phenyl-1H-pyrazole, diclofenac
o] ALQE|gJry5 106118

1 9 HdeE ¥ 2= 71FE SRl p p-
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Table 4. Treatment types in painand depression comorbid models

Types of treatment

Treatment

References

Depression— Drug Agonist ACEA, GW405833, Tramadol, Clonidine hydrochloride, 29, 40, 55, 62, 82,
like 8-OH-DPAR, WIN55212, HU210, Sigma-1 receptor (¢ 1R) 128
behavior Antagonist ZD7288 (HCN channel) 79
obgerved in Inhibitor ProTx-Il, AG490, 1-MT, PcTx1, Manbalgin—-1, SB242084, 18, 20, 21, 24, 110,
pain model Ketamine, MPEP, Ro 61-8048, IL-1RA 124, 132, 136
Antidepressant SSRI (Fluvoxamine, Fluoxetine, Vortioxetine), SNRI 28, 47, Bb, 61, 62,
(Duloxetine), Amitriptyline, Desipramine 99, 105, 137
Anesthetic Sevoflurane, Propofol, Pentobarbital sodium 59
Tranquilizer Diazepam, L-TAMS 25, 83, 104
Analgesic Pregabalin, Morphine, Cebranopadol 83, 115, 121, 133
H2S donors Allyl isothiocyanate, Isoliquiritin, Phenyl isothiocyanate 10, 86
Others Tat-fusion peptides, Ibuprofen, Minocycline, Riluzole, 51, 73, 89, 99,
SAM, DUQO0021, Triptolide, 4-methylcatechol, 100, 105, 123,
Ethosuximide 126, 138
Extract Sphaerococcus coronopifolius 135
Natural substance—  Curcumin, Glycyrrhizic acid, dihydromyricetin, £ -caryophyllene, 14, 17, 33, 43, 52,
derived chemicals isorhynchophylline, PSAP (a —(phenylselanyl) acetophenone), CMI, 59, 60, 81, 91, 93,
(m-CF3-PhSe)2, Chrysin, Sulforaphane, D-Aspartate 94, 97, 121, 131
Electroacupuncture  ST36 65, 130
Cells injection CD3+4T cells 41
Pain-like Drug Inhibitor Rolipram 129
behavior Antidepressant SSRI (Fluoxetine, citalopram), Imipramine, Desipramine 23, 27, 53, 54, 129
observed in Antianxiety Buspirone 27
depression Tranquilizer Diazepam b3, 129
model Analgesic Morphine 27
Natural substance-= @ —(phenylselanyl) acetophenone, trans—Resveratrol 129
derived chemicals
Herbal medicine Withania somnifera 34
Pain and Drug Agonist 6-chloromelatonin, Pramiexole 35, 75
depression Antagonist SB-366791 (TRPV1), 5-BDBD (P2X4), IL-1 receptor 49, 68, 90, 143
comorbidity antagonist, 2-BFI, Phenyzoline
model Inhibitor Metyrapone 120
Antidepressant SSRI (Fluoxetine), SNRI (Duloxetine) 54, 62
Analgesic CR4056, 3,5-Dimethyl-1-phenyl-1H-pyrazole 106
Anti-inflammatory  Diclofenac 118

Natural substance-
derived chemicals

Electroacupuncture

Curcumin, Palmatine, Omega-3 polyunsaturated fatty acid, Gentiopicroside,
Osthole, skimmetin, @ -Spinasterol, p,p'-Methoxyl-dipheny! diselenide,
ferulic acid, @ —(phenylselanyl) acetophenone

ST36, SP6

22, 31, B0, 64, 70,
76, 90, 109, 118

15, 67

ACEA : arachidonyl-2—chloroethylamide, AG490 : 2-Cyano-3-(3,4-dihydroxyphenyl)-N-(benzyl)-2-propenamide, 5-BDBD : 5-(3-Bromophenyl)-
1,3-dihydro-2H-Benzofuro[3,2-e]-1,4-diazepin-2-one, 2-BFI : 2-(2-benzofuranyl)-4,5-dihydro-1H-imidazole hydrochloride, CR4056 :
6-imidazol-1-yl-2-phenylquinazoline, CMI : 3-(4-Chlorophenylselanyl)-1-methyl-1H-indole, DUQ00021 : fraction of HPLC with affinity
for the 5-HT7R, GW405833 : cannabinoid receptor 2 (CB2) agonist, HU210 : 1,1-dimethylheptyl-11-hydroxytetrahydrocannabinol, IL=1RA :
interleukin—1 receptor antagonist, MPEP : 2-Methyl-6-(phenylethynyl)pyridine hydrochloride, 1-MT : 1-methyl-tryptophan, PcTx1 :
psalmotoxin, Ro 61-8048 : 3,4-Dimethoxy-N-[4-(3-nitrophenyl)-2-thiazolyllbenzenesulfonamide, SAM : S-adenosylmethionine,
SB242084 : 6-Chloro-2,3-dihydro-5-methyl-N-[6-[(2-methyl-3-pyridinyl)oxy]-3-pyridinyl]-1H-indole-1-carboxyamide dihydrochloride
hydrate, SB-366791 : 3-(4-chlorophenyl)-N-(3-methoxyphenyl)-2-propenamide, SNRI : serotonin-norepinephrine reuptake inhibitors,
SSRI : selective serotonin reuptake inhibitor, ST36 : Zusanli, SP6 : Sanyinjiao, L-TAMS : L-threonic acid magnesium salt, WIN55212 :
WIN-a non-selective cannabinoid CB1 and CB2 receptor agonist.

Methoxyl-diphenyl diselenide'®®} PSAP?, &30] & =3}
Ho] Q)= Za]9|=9] curcumin®, &, Zalo] 22 xald o
AE29] palmatine™ T Omega-3 polyunsaturated fatty acid”?,

o] 44891 ferulic acid®, Mie] E43GE2I gentio-

picroside®, HARIRS] 4344221 osthole!™®, B12] TR
Q1 skimmetin'™®, #J9] B43AE2] @ -spinasterol Vo] AFEE]
At

18t ST363+ SP6 E9loll HAAZ(100 Hz, 45%, 2¥7HE
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Fig. 6. Diagram of neurobiological factors in the brain and spinal
cord of pain and depression comorbidityanimal models.

The neurobiological factors such as neurotransmitters, oxidative
stress, and inflammatory cytokines were commonly changed in
the brain regions of frontal cortex, hippocampus, and thalamus,
and spinal cord of all types of pain and depression comorbidity
animal models.

2 59| S4E® W ] whze] olefet SYES 2gst
7] 9lste] AIEARRRE ohjet 924, AATEA Sl Az
WA ARG, 2 A7) AuoAE 5 925 =g )

i

sto] Tt B59] P24, WEA|, IP9A| 2 AS Xt
A AEEY 257} 9 JESo| LU YUk B
L = JERE 323 OB vle) ole] 4852 Al NG
% Sleke o] lonE, F B0 9250 ¥y nd A=
2 9o} O B8 4 9L RoE sl

A Al 52 9 922 /e BE 945 A7 g7S Hol
L Zez ByEy gtk 53 RS s Z4(ST302
u}Esto] F1I4), ASHL(SPE), FSH(GB34), EHPCO), -5
(BLGO), A1F=HTER) 5] AZo]™ 02 M7= Qeixs
AR(HT7), Z4F2I(ST36), ¥3](GV20), AHGV29), EE(IR3),
ASI(SPO) 59| ATo] F2 ST P, B o Az,
A ARE 55 oA 92 50| TE A04 27, 55
I} 9-9=0] B3l wlo|A 2408 £ 4719] Aol T-2H 9]
o, BE AFS 48810t 55 oA 9-2 g5o] Ty
Aol 242 (ST367F AMBEIQlon, E27} 9820 Bt 1
oA EA|(ST36)2 AR R(SPO7H ARSEIILE o]Z%, &
A7 B53} 9-2% Z7ko] AglolA A Ar} TatelA 1
=1 AN B350 9250 B3l mdolq J Mao avs

selgh Qe RS RET Agoltt. Webd P BTt 995

e

l_.
M o

www.kjacupuncture.org

89




90

SAlof - =ol - etEd - Y

o

0] - 2X|A

o B3 BYL tgoE 3 PRt A A7E SuFoRHN
0] W BBAL olx, A A= 7|40 T 2AS 75

3 Zo] Wask.

B AT 559 9250 B3 52 uE olg3 AT A
A2 AA O et 4+ Ueiehs § 2lopt glov, mye
1=RolA 4t 714 9 glo] Tees] s sk B o
FEE o o] o] Bl 18 FUHOR Bl
ofelgic). Eat 2 dhyEe] we 3 T S W7} ol

Woh 2N QRS 45 QABCR: A st o
1 slo] 28 A7Ee] B3k SV ol T
7} 9-250] B3} malo|He] AN
54 7}ae ur B BYel, ol ez 9 *HET
|23 st Sl B 2 Aol HaskA B
@ R b bl Tt AL Wask B a5

$3°) 8% 282 djos G YA AWeS &
3} 94 )82 FESP IR A7 B 49 "ast
1o, ofg £ RelNR1%0) Feky A TEIL, Lot

7t Y &84 SOl 71998+ e o= ArE

2

EZ3} 9220 B3} B2 ndo] et AT =R BAHG
A3, 20079 ©1%- A == 7t F43] SRl EH} A
kel 4w HAAo] S84l =Al fleol et E5 =
Zo] B35l =2 o ) EX noji] 22 oqu] e R
D) 9% TUoH §% ko] WBE A, 3) 557 9259

Y HdoA 55 9 9= o] TEE A9 Al 7]'11 FEes
EREeeH, 1 F 55 BHoA & o] EE B9
AF7E 7P ol SREAT Al F-39] Rdo B 5
2 5 B F7PL olRoiRen, 55 ¥ v BtEE
=4 XFLOH O3t k32 &Sk= von frey testZt 7P ©o|
& . 92 % 1k U2 FST WHo] 71 Hol 28
=olx, 1 ﬂoﬂ OFT, PFT, EPM, SPT 5°] thHl== 85|}tk
AFAETA 714 F4 A Al 89 B0l R il
prefrontal cortex, hippocampus, thalamus F% @ Z<=oflA]
5-HT %4, AlSH 2EHA 371 4 A5 Alo|E7IRI £4)7}
Tedor HuEtt 55 ¥ 2 P57 SIet A=

B 2 P24, AMIA, AAZ 59 21kl o] B8
| gglov], 3 A Ee BT Ut FF FE 923

KOREAN JOURNAL OF

ACUPUNCTURE

kel e 1} ekt 977} S Wast o, ol
B9 B33t 9-250) 25 /14 wefeka 2 /195 4
AN TR chopet Xad LS S 718 2AS
slgsizlo & Aol

Acknowledgement

None.

Funding

This work was supported by the Daejeon University Re-
search Grants (2018).

Data availability

The authors can provide upon reasonable request.

Conflicts of interest

RS2 obFd of3 Aol e Hiltt

References

1. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et
al. The revised International Association for the Study of Pain
definition of pain: concepts, challenges, and compromises.
Pain. 2020 ; 161(9) : 1976-82. https://doi.org/10.1097/.pain.
0000000000001939

2. Miller LR, Cano A. Comorbid chronic pain and depression:
who is at risk? J Pain. 2009 ; 10(6) : 619-27. https://doi.org/
10.1016/j.jpain.2008.12.007

3. Bair MJ, Robinson RL, Katon W, Kroenke K. Depression and
pain comorbidity: a literature review. Arch Intern Med. 2003 ;

163(20) : 2433-45. https://doi.org/10.1001/archinte. 163.20.2433

www.kjacupuncture.org



https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1016/j.jpain.2008.12.007

10.

11.

12.

13.

14.

KOREAN JOURNAL OF

ACUPUNCTURE

. Kim §J, Kim WS, Kang YK, Lee SH, Cho SH. Influencing

Psychologic Factors and Stress in Patients with Chronic Pain.

J Korean Acad Rehabil Med. 2000 ; 24(6) : 1161-7.

. Duenas M, Ojeda B, Salazar A, Mico JA, Failde I. A review of

chronic pain impact on patients, their social environment and
the health care system. J Pain Res. 2016 ; 9 : 457-G7.
https://doi.org/10.2147/JPR.S105892

. Doan L, Manders T, Wang J. Neuroplasticity underlying the

comorbidity of pain and depression. Neural Plast. 2015 ; 2015 :
504691. https://doi.org/10.1155/2015/504691

. Goesling ], Clauw DJ, Hassett AL. Pain and depression: an in-

tegrative review of neurobiological and psychological factors.
Curr Psychiatry Rep. 2013 ; 15(12) : 421. https://doi.org/
10.1007/s11920-013-0421-0

. Giesecke T, Gracely RH, Williams DA, Geisser ME, Petzke FW,

Clauw DJ. The relationship between depression, clinical pain, and
experimental pain in a chronic pain cohort. Arthritis Rheum.

2005 ; 52(5) : 1577-84. https://doi.org/10.1002/art.21008

. Racz I, Nent E, Erxlebe E, Zimmer A. CB1 receptors modulate

affective behaviour induced by neuropathic pain. Brain Res
Bull. 2015 ; 114 : 42-8. https://doi.org/10.1016/j.brainresbull.
2015.03.005

Jang JH, Kim YK, Jung WM, Kim HK, Song EM, Kim HY, et al.
Acupuncture Improves Comorbid Cognitive Impairments
Induced by Neuropathic Pain in Mice. Front Neurosci. 2019 ;
13 : 995. https://doi.org/10.3389/fnins.2019.00995

Lee MJ, Ryu JS, Won SK, Namgung U, Jung J, Lee SM, et al.
Effects of Acupuncture on Chronic Stress-Induced Depression-
Like Behavior and Its Central Neural Mechanism. Front Psychol.
2019; 10: 1353. https://doi.org/10.3389/fpsyg.2019.01353
Li JX. Pain and depression comorbidity: a preclinical per-
spective. Behav Brain Res. 2015 ; 276 : 92-8. https://doi.org/
10.1016/j.bbr.2014.04.042

Rajkumar R, Pandey DK, Mahesh R, Radha R. 1-(m-
Chlorophenyl)piperazine induces depressogenic-like behav-
iour in rodents by stimulating the neuronal 5-HT(2A) re-
ceptors: proposal of a modified rodent antidepressant assay.
Bur J Pharmacol. 2009 ; 608(1-3) : 32-41. https://doi.org/10.
1016/j.ejphar.2009.02.041

Birmann PT, Sousa FSS, Domingues M, Briining CA, Vieira BM,

15.

16.

18.

19.

20.

21.

22.

Pain and Depression Comorbidity

Lenarddo EJ, et al. 3-(4-Chlorophenylselanyl)-1-methyl-1H-
indole promotes recovery of neuropathic pain and depres-
sive-like behavior induced by partial constriction of the sci-
atic nerve in mice. J Trace Elem Med Biol. 2019 ; 54 : 126-33.
https://doi.org/10.1016/j.jtemb.2019.04.014

Wu YY, Jiang YL, He XF, Zhao XY, Shao XM, Sun], et al. 5-HT
in the dorsal raphe nucleus is involved in the effects of 100-Hz
electro-acupuncture on the pain-depression dyad in rats. Exp
Ther Med. 2017 ; 14(1) : 107-14. https://doi.org/10.3892/etm.
2017.4479

Li Y, ZhuJ, Zheng Q, Qian Z, Zhang L, Wei C, et al. 5-HT1A
autoreceptor in dorsal raphe nucleus mediates sensitization
of conditioned place preference to cocaine in mice experi-
enced with chronic pain. Neuroreport. 2019 ; 30(9) : 681-7.
https://doi.org/10.1097/WNR.0000000000001260

. Wu J, Wang Y, Cui W, Zhou W, Zhao X. 5-HTI1A re-

ceptor-mediated attenuation of heat hyperalgesia and me-
chanical allodynia by chrysin in mice with experimental
mononeuropathy. Reg Anesth Pain Med. 2020 ; 45(8) : 610-9.
https://doi.org/10.1136/rapm-2020-101472

Gregoire S, Neugebauer V. 5-HT2CR blockade in the amygda-
la conveys analgesic efficacy to SSRIs in a rat model of arthritis
pain. Mol Pain. 2013 ; 9 : 41. https://doi.org/10.1186/1744-
8069-9-41

Liu YT, Shao YW, Yen CT, Shaw FZ. Acid-induced hyperalgesia
and anxio-depressive comorbidity in rats. Physiol Behav. 2014 ;
131 : 105-10. https://doi.org/10.1016/j.physbeh.2014.03.030
Aissouni Y, El Guerrab A, Hamieh AM, Ferrier J, Chalus M,
Lemaire D, et al. Acid-Sensing Ion Channel 1a in the amygdala
is involved in pain and anxiety-related behaviours associated
with arthritis. Sci Rep. 2017 ; 7 : 43617. https://doi.org/10.
1038/srep43617

Zhang GF, WangJ, Han JF, GuoJ, Xie ZM, Pan W, et al. Acute single
dose of ketamine relieves mechanical allodynia and consequent
depression-like behaviors in a rat model. Neurosci Lett. 2016 ;
631 : 7-12. https://doi.org/10.1016/j.neulet.2016.08.006
Sousa FSS, Birmann PT, Baldinotti R, Fronza MG, Balaguez R,
Alves D, et al. a-(phenylselanyl) acetophenone mitigates re-
serpine-induced pain-depression dyad: Behavioral, biochemi-

cal and molecular docking evidences. Brain Res Bull. 2018 ;

www.kjacupuncture.org

91



https://doi.org/10.1007/s11920-013-0421-0
https://doi.org/10.1016/j.brainresbull.2015.03.005
https://doi.org/10.1016/j.bbr.2014.04.042
https://doi.org/10.1016/j.ejphar.2009.02.041
https://doi.org/10.3892/etm.2017.4479
https://doi.org/10.1038/srep43617

92

SXof - =olE - o

23.

24.

25.

20.

27.

28.

29.

30.

31

IR

o

0] - 2X|A

142 :129-37. https://doi.org/10.1016/j.brainresbull. 2018.07.007
Sousa FSS, Birmann PT, Balaguez R, Alves D, Bruning CA,
Savegnago L. a-(phenylselanyl) acetophenone abolishes acute
restraint stress induced-comorbid pain, depression and anxi-
ety-related behaviors in mice. Neurochem Int. 2018 ; 120 :
112-20. https://doi.org/10.1016/j.neuint.2018.08.006

Xie ZM, Wang XM, Xu N, Wang J, Pan W, Tang XH, et al.
Alterations in the inflammatory cytokines and brain-derived
neurotrophic factor contribute to depression-like phenotype
after spared nerve injury: improvement by ketamine. Sci Rep.
2017 7(1) : 3124. https://doi.org/10.1038/s41598-017-03590-3
Nyuyki KD, Cluny NL, Swain MG, Sharkey KA, Pittman QJ.
Altered Brain Excitability and Increased Anxiety in Mice With
Experimental Colitis: Consideration of Hyperalgesia and Sex
Differences. Front Behav Neurosci. 2018 ; 12 : 58. https://doi.
org/10.3389/fnbeh.2018.00058

Burke NN, Geoghegan E, Kerr DM, Moriarty O, Finn DP, Roche
M. Altered neuropathic pain behaviour in a rat model of de-
pression is associated with changes in inflammatory gene ex-
pression in the amygdala. Genes, Brain, and Behavior. 2013 ;
12(7) : 705-13. https://doi.org/10.1111/gbb.12080
Rodriguez-Gaztelumendi A, Rojo ML, Pazos A, Diaz A. An al-
tered spinal serotonergic system contributes to increased
thermal nociception in an animal model of depression. Exp
Brain Res. 2014 ; 232(6) : 1793-803. https://doi.org/10.1007/
s00221-014-3871-7

Amorim D, David-Pereira A, Pertovaara A, Almeida A, Pinto-
Ribeiro F. Amitriptyline reverses hyperalgesia and improves
associated mood-like disorders in a model of experimental
monoarthritis. 2014 ; 265 : 12-21.
https://doi.org/10.1016/j.bbr.2014.02.003

Alsalem M, Altarifi A, Haddad M, Azab B, Kalbouneh H,

Behav Brain Res.

Imraish A, et al. Analgesic Effects and Impairment in
Locomotor Activity Induced by Cannabinoid/Opioid Combin-
ations in Rat Models of Chronic Pain. Brain Sci. 2020 ; 10(8) :
523. https://doi.org/10.3390/brainsci10080523

Gadotti VM, Zamponi GW. Anxiolytic effects of the flavonoid
luteolin in a mouse model of acute colitis. Mol Brain. 2019 ;
121) : 114. https://doi.org/10.1186/s13041-019-0539-2

Liu SB, Zhao R, Li XS, Guo HJ, Tian Z, Zhang N, et al. Attenua-

32.

33.

34.

35.

36.

37.

38.

39.

KOREAN JOURNAL OF

ACUPUNCTURE

tion of reserpine-induced pain/depression dyad by gentiopi-
croside through downregulation of GluN2B receptors in the
amygdala of mice. Neuromolecular Medicine. 2014 ; 16(2) :
350-9. https://doi.org/10.1007/s12017-013-8280-8
Pereira-Silva R, Costa-Pereira JT, Alonso R, Serrao P, Martins
I, Neto FL. Attenuation of the Diffuse Noxious Inhibitory
Controls in Chronic Joint Inflammatory Pain Is Accompanied
by Anxiodepressive-Like Behaviors and Impairment of the
Descending Noradrenergic Modulation. Int J Mol Sci. 2020 ;
21(8) : 2973. https://doi.org/10.3390/ijms21082973
Aguilar-Avila DS, Flores-Soto ME, Tapia-Vazquez C, Pastor-
Zarandona OA, Lopez-Roa RI, Viveros-Paredes JM. B-
Caryophyllene, a Natural Sesquiterpene, Attenuates Neuro-
pathic Pain and Depressive-Like Behavior in Experi-
mental Diabetic Mice. ] Med Food. 2019 ; 22(5) : 460-8.
https://doi.org/10.1089/jmf.2018.0157

Dey A, Chatterjee SS, Kumar V. A bioassay system for pharma-
cological standardization of Withania somnifera derived
herbal remedies. TANG. 2019 ; 9(1) : 1-13. https://doi.org/
10.5667/tang.2018.0023

Nagakura Y, Oe T, Aoki T, Matsuoka N. Biogenic amine deple-
tion causes chronic muscular pain and tactile allodynia ac-
companied by depression: A putative animal model of
fibromyalgia. Pain. 2009 ; 146(1-2) : 26-33. https://doi.org/
10.1016/.pain.2009.05.024

Carcole M, Zamanillo D, Merlos M, Fernandez-Pastor B,
Cabanero D, Maldonado R. Blockade of the Sigma-1 Receptor
Relieves Cognitive and Emotional Impairments Associated to
Chronic Osteoarthritis Pain. Front Pharmacol. 2019 ; 10 : 468.
https://doi.org/10.3389/fphar.2019.00468

KimH, Chen L, Lim G, Sung B, Wang S, McCabe MF, et al. Brain
indoleamine 2,3-dioxygenase contributes to the comorbidity
of pain and depression. J Clin Invest. 2012 ; 122(8) : 2940-54.
https://doi.org/10.1172/JCI61884

Barcelon EE, Cho WH, Jun SB, Lee §J. Brain Microglial Activation
in Chronic Pain-Associated Affective Disorder. Front Neurosci.
2019 ; 13 : 213. https://doi.org/10.3389/fnins.2019.00213
Tajerian M, Leu D, Zou Y, Sahbaie P, Li W, Khan H, et al. Brain
neuroplastic changes accompany anxiety and memory defi-

cits in a model of complex regional pain syndrome.

www.kjacupuncture.org



https://doi.org/10.3389/fnbeh.2018.00058
https://doi.org/10.1007/s00221-014-3871-7
https://doi.org/10.5667/tang.2018.0023
https://doi.org/10.1016/j.pain.2009.05.024

KOREAN JOURNAL OF

ACUPUNCTURE

40.

41.

42.

43.

44.

45.

40.

47.

48.

Anesthesiology. 2014 ; 121(4) : 852-65. https://doi.org/10.
1097/aln.0000000000000403

Roeckel LA, Massotte D, Olmstead MC, Befort K. CB1 Agonism
Alters Addiction-Related Behaviors in Mice Lacking Mu or
Delta Opioid Receptors. Front Psychiatry. 2018 ; 9 : 630.
https://doi.org/10.3389/fpsyt.2018.00630

Laumet G, Edralin JD, Dantzer R, Heijnen CJ, Kavelaars A. CD3"
T cells are critical for the resolution of comorbid inflam-
matory pain and depression-like behavior. Neurobiol Pain.
2020; 7 : 100043. https://doi.org/10.1016/j.ynpai.2020.100043
Zhu X, Zhou W, Jin Y, Tang H, Cao P, Mao Y, et al. A Central
Amygdala Input to the Parafascicular Nucleus Controls
Comorbid Pain in Depression. Cell Rep. 2019 ; 29(12) :
3847-58 e5. https://doi.org/10.1016/j.celrep.2019.11.003
Zhao X, Wang C, Zhang JF, Liu L, Liu AM, Ma Q, et al. Chronic
curcumin treatment normalizes depression-like behaviors in
mice with mononeuropathy: involvement of supraspinal sero-
tonergic system and GABAA receptor. Psychopharmacology
(Berl). 2014; 231(10) : 2171-87. https://doi.org/10.1007/
s00213-013-3368-2

Thompson §J, Pitcher MH, Stone LS, Tarum F, Niu G, Chen X,
et al. Chronic neuropathic pain reduces opioid receptor avail-
ability with associated anhedonia in rat. Pain. 2018 ; 159(9) :
1856-66. https://doi.org/10.1097/j. pain.0000000000001282
Alba-Delgado C, Llorca-Torralba M, Horrillo I, Ortega JE,
Mico JA, Sanchez-Blazquez P, et al. Chronic pain leads to con-
comitant noradrenergic impairment and mood disorders. Biol
Psychiatry. 2013 ; 73(1) : 54-62.

Liu LY, Zhang RL, Chen L, Zhao HY, Cai J, Wang JK, et al.
Chronic stress increases pain sensitivity via activation of the
rACC-BLA pathway in rats. Exp Neurol. 2019 ; 313 : 109-23.
https://doi.org/10.1016/j.expneurol.2018.12.009

CaiL, HeQ, LuY, HuY, Chen W, Wei L, et al. Comorbidity of Pain
and Depression in a Lumbar Disc Herniation Model: Biochem-
ical Alterations and the Effects of Fluoxetine. Front Neurol. 2019;
10 : 1022. https://doi.org/10.3389/fneur.2019.01022

MaJ, Li], QianM, He N, Cao Y, Liu Y, et al. The comprehensive
pathophysiological changes in a novel rat model of post-
inflammatory visceral hypersensitivity. FASEBJ. 2019 ; 33(12) :
13560-71. https://doi.org/10.1096/1j.201901489R

50.

51.

52.

53.

54.

55.

56.

57.

Pain and Depression Comorbidity

. LiL, ZouY, LiuB, Yang R, Yang], Sun M, et al. Contribution of

the P2X4 Receptor in Rat Hippocampus to the Comorbidity of
Chronic Pain and Depression. ACS Chem Neurosci. 2020 ; 11(24) :
4387-97. https://doi.org/10.1021/acschemneuro.0c00623
Arora 'V, Kuhad A, Tiwari V, Chopra K. Curcumin ameliorates
reserpine-induced pain-depression dyad: behavioural, bio-
chemical, neurochemical and molecular evidences. Psycho-
neuroendocrinology. 2011 ; 36(10) : 1570-81. https://doi.org/
10.1016/j.psyneuen.2011.04.012

Lax NC, Parker §J, Hilton EJ, Seliman Y, Tidgewell KJ,
Kolber BJ. Cyanobacterial extract with serotonin receptor
subtype 7 (5-HT7 R) affinity modulates depression and anxi-
ety-like behavior in mice. Synapse. 2018 ; 72(11) : €22059.
https://doi.org/10.1002/syn.22059

D'Aniello A, Luongo L, Romano R, Iannotta M, Marabese I, Boccella
S, et al. d-Aspartic acid ameliorates painful and neuropsychi-
atric changes and reduces beta-amyloid Abetai-4 peptide in a
long lasting model of neuropathic pain. Neurosci Lett. 2017 ;
651 : 151-8. https://doi.org/10.1016/j.neulet.2017.04.041
Jochum T, Boettger MK, Wigger A, Beiderbeck D, Neumann
ID, Landgraf R, et al. Decreased sensitivity to thermal pain in
rats bred for high anxiety-related behaviour is attenuated by
citalopram or diazepam treatment. Behav Brain Res. 2007 ;
183(1) : 18-24. https://doi.org/10.1016/5.bbr.2007.05.022
Shi M, Wang JY, Luo F. Depression shows divergent effects on
evoked and spontaneous pain behaviors in rats. J Pain. 2010 ;
113) : 219-29. https://doi.org/10.1016/}.jpain.2009.07.002
Hu B, Doods H, Treede R-D, Ceci A. Depression-like behav-
iour in rats with mononeuropathy is reduced by the CB2-
selective agonist GW405833. Pain. 2009 ; 143(3) : 206-12.
https://doi.org/10.1016/j.pain.2009.02.018

Bravo L, Mico JA, Rey-Brea R, Pérez-Nievas B, Leza JC,
Berrocoso E. Depressive-like states heighten the aversion
to painful stimuli in a rat model of comorbid chronic pain
and depression. Anesthesiology. 2012 ; 117(3) : 613-25.
https://doi.org/10.1097/ALN.0b013e3182657b3e

Butkevich IP, Mikhailenko VA, Vershinina EA, Barr GA. Differ-
ences Between the Prenatal Effects of Fluoxetine or Buspirone
Alone or in Combination on Pain and Affective Behaviors in

Prenatally Stressed Male and Female Rats. Front Behav Neurosci.

www.kjacupuncture.org

93



https://doi.org/10.1097/aln.0000000000000403
https://doi.org/10.1007/s00213-013-3368-2
https://doi.org/10.1016/j.psyneuen.2011.04.012

94

SXof - =olE - o

58.

59.

60.

61.

62.

63.

64.

65.

60.

IR

o

0] - 2X|A

2019 13 : 125. https://doi.org/10.3389/fnbeh. 2019.00125
Wang W, Qi WJ, Xu'Y, WangJY, Luo F. The differential effects
of depression on evoked and spontaneous pain behaviors in
olfactory bulbectomized rats. Neurosci Lett. 2010 ; 472(2) :
143-7. https://doi.org/10.1016/j.neulet.2010.01.075

Luo C, Zhang YL, Luo W, Zhou FH, Li CQ, XuJM, et al. Differ-
ential effects of general anesthetics on anxiety-like behavior
in formalin-induced pain: involvement of ERK activation in the
anterior cingulate cortex. Psychopharmacology (Berl). 2015 ;
232(24) : 4433-44. https://doi.org/10.1007/500213-015-4071-2
Guan S, ShenY, GeH, Xiong W, He L, Liu L, et al. Dihydromyricetin
Alleviates Diabetic Neuropathic Pain and Depression Comor-
bidity Symptoms by Inhibiting P2X7 Receptor. Front Psychiatry.
2019; 10: 770. https://doi.org/10.3389/fpsyt.2019.00770
Kremer M, Yalcin I, Goumon Y, Wurtz X, Nexon L, Daniel
D, et al. A Dual Noradrenergic Mechanism for the Relief
of Neuropathic Allodynia by the Antidepressant Drugs
Duloxetine and Amitriptyline. J Neurosci. 2018 ; 38(46) :
9934-54. https://doi.org/10.1523/JNEUROSCI. 1004-18.2018
Hu B, Doods H, Treede RD, Ceci A. Duloxetine and 8-OH-
DPAT, but not fluoxetine, reduce depression-like behaviour in
an animal model of chronic neuropathic pain. Neurosci Lett.
2016; 619: 162-7. https://doi.org/10.1016/j.neulet.2016.03.019
Li S, Han J, Wang DS, Feng B, Deng YT, Wang XS, et al.
Echinocystic acid reduces reserpine-induced pain/depres-
sion dyad in mice. Metabolic Brain Disease. 2016 ; 31(2) :
455-63. https://doi.org/10.1007/s11011-015-9786-6

Redivo DD, Schreiber AK, Adami ER, Ribeiro DE, Joca SR,
Zanoveli JM, et al. Effect of omega-3 polyunsaturated fatty
acid treatment over mechanical allodynia and depressive-like
behavior associated with experimental diabetes. Behav Brain
Res. 2016 ; 298(Pt B) : 57-64. https://doi.org/10.1016/j.bbr.
2015.10.058

Huang HY, Liao HY, Lin YW. Effects and Mechanisms of Electro-
acupuncture on Chronic Inflammatory Pain and Depression
Comorbidity in Mice. Evid Based Complement Alternat Med.
20202020 : 4951591. https://doi.org/10.1155/2020/4951591
Kaufmann D, Brennan KC. The Effects of Chronic Stress on
Migraine Relevant Phenotypes in Male Mice. Front Cell Neurosci.
2018 ; 12 : 294. https://doi.org/10.3389/fncel. 2018.00294

67.

68.

69.

70.

71.

72.

73.

74.

75.

KOREAN JOURNAL OF

ACUPUNCTURE

Wu YY, Jiang YL, He XF, Zhao XY, Shao XM, Du JY, et al.
Effects of Electroacupuncture with Dominant Frequency at SP
6 and ST 36 Based on Meridian Theory on Pain-Depression
Dyad in Rats. Evid Based Complement Alternat Med. 2015 ;
2015 : 732845. https://doi.org/10.1155/2015/732845
Siemian JN, Shang L, Seaman RW, Jr., Zhu Q, Zhang Y, Li JX.
Effects of imidazoline 12 receptor agonists on reserpine-in-
duced hyperalgesia and depressive-like behavior in rats.
Behav Pharmacol. 2019 ; 30(5) : 429-34. https://doi.org/10.
1097/FBP.0000000000000454

Toma W, Kyte SL, Bagdas D, Alkhlaif Y, Alsharari SD, Lichtman
AH, et al. Effects of paclitaxel on the development of neuropathy
and affective behaviors in the mouse. Neuropharmacology.
2017 ; 117 : 305-15. https://doi.org/10.1016/j.neuropharm.
2017.02.020

Shen Y, Guan S, Ge H, Xiong W, He L, Liu L, et al. Effects of
palmatine on rats with comorbidity of diabetic neuropathic
pain and depression. Brain Res Bull. 2018 ; 139 : 56-66.
https://doi.org/10.1016/j.brainresbull.2018.02.005

Zhang M, Dai W, LiangJ, Chen X, Hu'Y, Chu B, et al. Effects of
UCMS-induced depression on nociceptive behaviors induced
by electrical stimulation of the dura mater. Neuroscience Letters.
2013 ;551 : 1-6. https://doi.org/10.1016/j.neulet.2013.04.038
Burke NN, Hayes E, Calpin P, Kerr DM, Moriarty O, Finn DP,
et al. Enhanced nociceptive responding in two rat models of
depression is associated with alterations in monoamine levels
in discrete brain regions. Neuroscience. 2010 ; 171(4) : 1300-
13. https://doi.org/10.1016/j.neuroscience.2010.10.030
Kerckhove N, Boudieu L, Ourties G, Bourdier J, Daulhac L,
Eschalier A, et al. Ethosuximide improves chronic pain-in-
duced anxiety- and depression-like behaviors. Eur Neuropsy-
chopharmacol. 2019: 29: 1419-32. https://doi.org/10.1016/i.
euroneuro.2019.10.012

Guimaraes MR, Soares AR, Cunha AM, Esteves M, Borges S,
Magalhaes R, et al. Evidence for lack of direct causality be-
tween pain and affective disturbances in a rat peripheral neu-
ropathy model. Gene Brain Behav. 2019 ; 18(6) : e12542.
https://doi.org/10.1111/gbb.12542

Wang S, Tian Y, Song L, Lim G, Tan Y, You Z, et al. Exacerbated

mechanical hyperalgesia in rats with genetically predisposed

www.kjacupuncture.org



https://doi.org/10.1016/j.bbr.2015.10.058
https://doi.org/10.1097/FBP.0000000000000454
https://doi.org/10.1016/j.neuropharm.2017.02.020
https://doi.org/10.1016/j.euroneuro.2019.10.012

KOREAN JOURNAL OF

ACUPUNCTURE

76.

77.

78.

79.

80.

81.

82.

83.

depressive behavior: role of melatonin and NMDA receptors.
Pain. 2012 ; 153(12) : 2448-57. https://doi.org/10.1016/j.pain.
2012.08.016

XuY, Zhang L, Shao T, Ruan L, Wang L, SunJ, et al. Ferulic acid
increases pain threshold and ameliorates depression-like be-
haviors in reserpine-treated mice: behavioral and neuro-
biological analyses. Metab Brain Dis. 2013 ; 28(4) : 571-83.
https://doi.org/10.1007/s11011-013-9404-4

Wu PY, Yang X, Wright DE, Christianson JA. Foot shock stress
generates persistent widespread hypersensitivity and anhedonic
behavior in an anxiety-prone strain of mice. Pain. 2020 ; 161(1) :
211-9. https://doi.org/10.1097/5.pain.0000000000001703
Boadas-Vaello P, Homs J, Portero-Tresserra M, Alvarez-Perez
B, Deulofeu M, Verdu E. Graded photochemical spinal cord
injury results in chronic hyperalgesia and depression-like be-
haviour but no anxiety exacerbation in female BALB/c mice.
Neurosci Lett. 2018 ; 664 : 98-106. https://doi.org/10.1016/
j.neulet.2017.11.007

Yang L, Liu X, Yao K, Sun'Y, Jiang F, Yan H, et al. HCN chan-
nel antagonist ZD7288 ameliorates neuropathic pain and
associated depression. Brain Res. 2019 ; 1717 : 204-13.
https://doi.org/10.1016/j.brainres.2019.03.036

Butkevich IP, Mikhailenko VA, Vershinina EA, Semionov PO,
Otellin VA, Aloisi AM. Heterogeneity of the infant stage of rat
development: inflammatory pain response, depression-re-
lated behavior, and effects of prenatal stress. Brain Res. 2009 ;
1286 : 53-9. https://doi.org/10.1016/j.brainres.2009.06.055
Hisaoka-Nakashima K, Tomimura Y, Yoshii T, Ohata K,
Takada N, Zhang FF, et al. High-mobility group box 1-
mediated microglial activation induces anxiodepressive-like
behaviors in mice with neuropathic pain. Prog Neuro-
psychopharmacol Biol Psychiatry. 2019 ; 92 : 347-6G2.
https://doi.org/10.1016/j.pnpbp.2019.02.005

Sellmeijer ], Mathis V, Hugel S, Li XH, Song Q, Chen QY, et
al. Hyperactivity of Anterior Cingulate Cortex Areas 24a/
24b Drives Chronic Pain-Induced Anxiodepressive-like Con-
sequences. ] Neurosci. 2018 ; 38(12) : 3102-15. http://doi.
org/10.1523/ineurosci.3195-17.2018

Parent AJ, Beaudet N, Beaudry H, Bergeron J, Bérubé P, Drolet

G, et al. Increased anxiety-like behaviors in rats experiencing

84.

85.

86.

87.

88.

89.

90.

91.

Pain and Depression Comorbidity

chronic inflammatory pain. Behavioural Brain Research. 2012 ;
229(1) : 160-7. https://doi.org/10.1155/2017/3728752
Martinez-Navarro M, Lara-Mayorga IM, Negrete R, Bilecki W,
Wawrzczak-Bargiela A, Goncalves L, et al. Influence of behav-
ioral traits in the inter-individual variability of nociceptive,
emotional and cognitive manifestations of neuropathic pain.
Neuropharmacology. 2019 ; 148 : 291-304. https://doi.org/
10.1016/j.neuropharm.2019.01.012

Hestehave S, Abelson KSP, Bronnum Pedersen T, Finn DP,
Andersson DR, Munro G. The influence of rat strain on the de-
velopment of neuropathic pain and comorbid anxio-depressive
behaviour after nerve injury. Sci Rep. 2020 ; 10(1) : 20981.
https://doi.org/10.1038/s41598-020-77640-8

Batalle G, Cabarga L, Pol O. The Inhibitory Effects of Slow-
Releasing Hydrogen Sulfide Donors in the Mechanical Allodynia,
Grip Strength Deficits, and Depressive-Like Behaviors Asso-
ciated with Chronic Osteoarthritis Pain. Antioxidants (Basel).
20195 9(1) : 31. https://doi.org/10.3390/antiox9010031

Gui WS, Wei X, Mai CL, Murugan M, Wu L], Xin W], et al.
Interleukin-1beta overproduction is a common cause for neu-
ropathic pain, memory deficit, and depression following pe-
ripheral nerve injury in rodents. Mol Pain. 2016 ; 12 :
1744806916646784. https://doi.org/10.1177/1744806916646784
Mikhailenko VA, Butkevich IP, Vershinina EA, Semenov PO.
Interrelationship between measures of pain reactions in
inflammation and levels of depression in prenatally stressed
rat pups. Neurosci Behav Physiol. 2010 ; 40(2) : 179-84.
https://doi.org/10.1007/s11055-009-9241-4

Fukuhara K, Ishikawa K, Yasuda S, Kishishita Y, Kim HK,
Kakeda T, et al. Intracerebroventricular 4-methylcatechol
(4-MC) ameliorates chronic pain associated with depres-
sion-like behavior via induction of brain-derived neuro-
trophic factor (BDNF). Cell Mol Neurobiol. 2012 ; 32(6) :
971-7. https://doi.org/10.1007/s10571-011-9782-2

Fischer SPM, Brusco I, Brum ES, Fialho MFP, Camponogara C,
Scussel R, et al. Involvement of TRPV1 and the efficacy of al-
pha-spinasterol on experimental fibromyalgia symptoms in
mice. Neurochem Int. 2020 ; 134 : 104673. https://doi.org/10.
1016/j.neuint.2020.104673

Gao KX, Zhao Q, Wang GR, Yu L, WuJY, Zhao X. Isorhynchophyl-

www.kjacupuncture.org

95



https://doi.org/10.1016/j.pain.2012.08.016
https://doi.org/10.1016/j.neulet.2017.11.007
http://doi.org/10.1523/jneurosci.3195-17.2018
https://doi.org/10.1016/j.neuropharm.2019.01.012
https://doi.org/10.1016/j.neuint.2020.104673

96

SXof - =olE - o

92.

93.

94.

95.

96.

97.

98.

IR

o

0] - 2X|A

line Exerts Antinociceptive Effects on Behavioral Hyperalgesia
and Allodynia in a Mouse Model of Neuropathic Pain: Evi-
dence of a 5-HT1A Receptor-Mediated Mechanism. Front Phar-
macol. 2020; 11 : 318. https://doi.org/10.3389/fphar.2020.00318
Humo M, Ayazgok B, Becker 1], Waltisperger E, Rantamaki T,
Yalcin I. Ketamine induces rapid and sustained antidepressant-
like effects in chronic pain induced depression: Role of MAPK
signaling pathway. Prog Neuropsychopharmacol Biol Psy-
chiatry. 2020 ; 100 : 109898. https://doi.org/10.1016/j.pnpbp.
2020.109898

Yang Y, Song Y, Zhang X, Zhao W, Ma T, Liu Y, et al. Ketamine
relieves depression-like behaviors induced by chronic post-
surgical pain in rats through anti-inflammatory, anti-oxidant
effects and regulating BDNF expression. Psychopharmacology
(Berl). 2020 ; 237(6) : 1657-69. https://doi.org/10.1007/s00213~
020-05490-3

Sabedra Sousa FS, Birmann PT, Bampi SR, Fronza MG,
Balaguez R, Alves D, et al. Lipopolysaccharide-induced de-
pressive-like, anxiogenic-like and hyperalgesic behavior is
attenuated by acute administration of alpha-(phenylselanyl)
acetophenone in mice. Neuropharmacology. 2019 ; 146 : 128-
37. https://doi.org/10.1016/j.neuropharm.2018.11.028
Kamoun N, Gazzo G, Goumon Y, Andry V, Yalcin I, Poisbeau
P. Long-lasting analgesic and neuroprotective action of the
non-benzodiazepine anxiolytic etifoxine in a mouse model of
neuropathic pain. Neuropharmacology. 2021 ; 182 : 108407.
https://doi.org/10.1016/j.neuropharm.2020.108407

Zhang X, Kanter K, Chen J, Kim S, Wang Y, Adeyemi C, et al.
Low catechol-O-methyltransferase and stress potentiate func-
tional pain and depressive behavior, especially in female mice.
Pain. 2020 ; 161(2) : 446-58. https://doi.org/10.1097/j.pain.
0000000000001734

Bruning CA, Martini F, Soares SM, Sampaio TB, Gai BM, Duarte
MM, et al. m-Trifluoromethyl-diphenyl diselenide, a multi-
target selenium compound, prevented mechanical allodynia
and depressive-like behavior in a mouse comorbid pain and
depression model. Prog Neuropsychopharmacol Biol Psychiatry.
2015 ; 63 : 35-46. https://doi.org/10.1016/j.pnpbp.2015.05.011
Du HX, Chen XG, Zhang L, Liu Y, Zhan CS, Chen J, et al.

Microglial activation and neurobiological alterations in ex-

99.

100.

101.

102.

103.

104.

105.

106.

KOREAN JOURNAL OF

ACUPUNCTURE

perimental autoimmune prostatitis-induced depressive-like
behavior in mice. Neuropsychiatr Dis Treat. 2019 ; 15: 2231~
45. https://doi.org/10.2147/NDT.S211288

Amorim D, Puga S, Braganca R, Braga A, Pertovaara A, Almeida
A, et al. Minocycline reduces mechanical allodynia and de-
pressive-like behaviour in type-1 diabetes mellitus in the rat.
Behav Brain Res. 2017 ; 327 : 1-10. https://doi.org/10.1016/
j.bbr.2017.03.003

DaiJ, Ding Z, Zhang ], Xu W, Guo Q, Zou W, et al. Minocycline
Relieves Depressive-Like Behaviors in Rats With Bone Cancer
Pain by Inhibiting Microglia Activation in Hippocampus.
Anesth Analg. 2019; 129(6) : 1733-41. https://doi.org/10.1213/
ANE.0000000000004063

Martinez-Navarro M, Cabanero D, Wawrzczak-Bargiela A,
Robe A, Gaveriaux-Ruff C, Kieffer BL, et al. Mu and delta
opioid receptors play opposite nociceptive and behavioural
roles on nerve-injured mice. Br J Pharmacol. 2020 ; 177(5) :
1187-205. https://doi.org/10.1111/bph.14911

Zuena AR, Maftei D, Alema GS, Dal Moro F, Lattanzi R, Casolini
P, et al. Multimodal antidepressant vortioxetine causes an-
algesia in a mouse model of chronic neuropathic pain. Mol
Pain. 2018 ; 14 : 1744806918808987. https://doi.org/10.1177/
1744806918808987

Tyrtyshnaia A, Manzhulo I. Neuropathic Pain Causes Memory
Deficits and Dendrite Tree Morphology Changes in Mouse
Hippocampus. J Pain Res. 2020 ; 13 : 345-54. https://doi.
org/10.2147/JPR.S238458

Chen JL, Zhou X, Liu BL, Wei XH, Ding HL, Lin 7], et al. Nor-
malization of magnesium deficiency attenuated mechanical
allodynia, depressive-like behaviors, and memory deficits as-
sociated with cyclophosphamide-induced cystitis by inhibit-
ing TNF-alpha/NF-kappaB signaling in female rats. ] Neuro-
inflammation. 2020 ; 17(1) : 99. https://doi.org/10.1186/s12974~
020-01786-5

Hu X, Dong Y, Jin X, Zhang C, Zhang T, Zhao ], et al. The novel
and potent anti-depressive action of triptolide and its influen-
ces on hippocampal neuroinflammation in a rat model of de-
pression comorbidity of chronic pain. Brain Behav Immun.
2017 ; 64 180-94. https://doi.org/10.1016/j.bbi.2017.03.005
Birmann PT, Casaril AM, Hartwig D, Jacob RG, Seixas FK,

www.kjacupuncture.org



https://doi.org/10.1016/j.pnpbp.2020.109898
https://doi.org/10.1097/j.pain.0000000000001734
https://doi.org/10.1016/j.bbr.2017.03.003
https://doi.org/10.1213/ANE.0000000000004063
https://doi.org/10.1177/1744806918808987
https://doi.org/10.2147/JPR.S238458

KOREAN JOURNAL OF

ACUPUNCTURE

107.

108.

109.

110.

111.

112.

113.

114.

Collares T, et al. A novel pyrazole-containing selenium com-
pound modulates the oxidative and nitrergic pathways to re-
verse the depression-pain syndrome in mice. Brain Res. 2020 ;
1741 : 146880. https://doi.org/10.1016/j.brainres.2020. 146880
Bravo L, Torres-Sanchez S, Alba-Delgado C, Mico JA, Berrocoso
E. Pain exacerbates chronic mild stress-induced changes in
noradrenergic transmission in rats. Eur Neuropsychopharmacol.
2014 ; 24(6) : 996-1003. https://doi.org/10.1016/j.euroneuro.
2014.01.011

Wang W, Li C, Cai Y, Pan ZZ. Pain vulnerability and DNA
methyltransferase 3a involved in the affective dimension
of chronic pain. Mol Pain. 2017 ; 13 : 1744806917726713.
https://doi.org/10.1177/1744806917726713

Oliveira CES, Marcondes Sari MHM, Zborowski VA, Prado VC,
Nogueira CW, Zeni G. Pain-depression dyad induced by re-
serpine is relieved by p,p’ -methoxyl-diphenyl diselenide in
rats. Bur J Pharmacol. 2016 ; 791 : 794-802. https://doi.org/
10.1016/j.ejphar.2016.10.021

Zhou W, Dantzer R, Budac DP, Walker AK, Mao-Ying QL, Lee
AW, et al. Peripheral indoleamine 2,3-dioxygenase 1 is re-
quired for comorbid depression-like behavior but does not
contribute to neuropathic pain in mice. Brain Behav Immun.
2015 ; 46 : 147-53. https://doi.org/10.1016/j.bbi.2015.01.013
Fiore NT, Austin PJ. Peripheral Nerve Injury Triggers Neuro-
inflammation in the Medial Prefrontal Cortex and Ventral
Hippocampus in a Subgroup of Rats with Coincident Affective
Behavioural Changes. Neuroscience. 2019 ; 416 : 147-67.
https://doi.org/10.1016/j.neuroscience.2019.08.005

Filho P, Chaves Filho AJM, Vieira CFX, Oliveira TQ, Soares
MVR, Juca PM, et al. Peritoneal endometriosis induces
time-related depressive- and anxiety-like alterations in fe-
male rats: involvement of hippocampal pro-oxidative and
BDNF alterations. Metab Brain Dis. 2019 ; 34(3) : 909-25.
https://doi.org/10.1007/s11011-019-00397-1

Zhao J, Luo D, Liang Z, Lao L, Rong J. Plant Natural Product
Puerarin Ameliorates Depressive Behaviors and Chronic Pain
in Mice with Spared Nerve Injury (SNI). Mol Neurobiol. 2017 ;
54(4) : 2801-12. https://doi.org/10.1007/s12035- 016-9870-x
Arora V, Chopra K. Possible involvement of oxido-nitrosative

stress induced neuro-inflammatory cascade and monoaminergic

115.

116.

117.

118.

119.

120.

121.

122.

Pain and Depression Comorbidity

pathway: underpinning the correlation between nociceptive
and depressive behaviour in a rodent model. ] Affective Disord.
2013 : 151(3) : 1041-52. https://doi.org/10.1016/j.jad. 2013.08.032
Asaoka Y, Kato T, Ide S, Amano T, Minami M. Pregabalin in-
duces conditioned place preference in the rat during the early,
but not late, stage of neuropathic pain. Neurosci Lett. 2018 ;
668 : 133-7. https://doi.org/10.1016/j.neulet.2018.01.029
Yu C, Zhang Y, Gao KX, Sun HT, Gong MZ, Zhao X, et al.
Serotonergically dependent antihyperalgesic and antiallodynic
effects of isoliquiritin in a mouse model of neuropathic pain.
Eur J Pharmacol. 2020 ; 881 : 173184. https://doi.org/10.1016/
j.ejphar.2020.173184

Zhou C, Wu 'Y, Ding X, Shi N, Cai Y, Pan ZZ. SIRT; Decreases
Emotional Pain Vulnerability with Associated CaMKIlalpha
Deacetylation in Central Amygdala. ] Neurosci. 2020 ; 40(11) :
2332-42. https://doi.org/10.1523/J]NEUROSCL 1259-19.2020
Singh L, Kaur A, Garg S, Bhatti R. Skimmetin/osthole mitigates
pain-depression dyad via inhibiting inflammatory and oxida-
tive stress-mediated neurotransmitter dysregulation. Metab
Brain Dis. 2021 ; 36(1) : 111-21. https://doi.org/10.1007/
s11011-020-00604-4

Piardi LN, Pagliusi M, Bonet I, Brandao AF, Magalhaes SF,
Zanelatto FB, et al. Social stress as a trigger for depressive-like
behavior and persistent hyperalgesia in mice: study of the co-
morbidity between depression and chronic pain. ] Affect
Disord. 2020 ; 274 : 759-67. https://doi.org/10.1016/j.jad.
2020.05.144

Norman GJ, Karelina K, Zhang N, Walton JC, Morris JS, Devries AC.
Stress and IL-1beta contribute to the development of depressive-
like behavior following peripheral nerve injury. Mol Psychiatry.
2010 ; 15(4) : 404-14. https://doi.org/10.1038/mp.2009.91
Ferreira-Chamorro P, Redondo A, Riego G, Leanez S, Pol O.
Sulforaphane Inhibited the Nociceptive Responses, Anxiety-
and Depressive-Like Behaviors Associated With Neuropathic
Pain and Improved the Anti-allodynic Effects of Morphine in
Mice. Front Pharmacol. 2018 ; 9 : 1332. https://doi.org/10.
3389/fphar.2018.01332

Christoph T, Raffa R, De VryJ, Schroder W. Synergistic inter-
action between the agonism of cebranopadol at nociceptin/

orphanin FQ and classical opioid receptors in the rat spinal

www.kjacupuncture.org

97



https://doi.org/10.1016/j.euroneuro.2014.01.011
https://doi.org/10.1016/j.ejphar.2016.10.021
https://doi.org/10.1016/j.ejphar.2020.173184
https://doi.org/10.1007/s11011-020-00604-4
https://doi.org/10.1016/j.jad.2020.05.144
https://doi.org/10.3389/fphar.2018.01332

98

SXof - =olE - o

123.

124.

125.

126.

127.

128.

129.

130.

IR

o

0] - 2X|A

nerve ligation model. Pharmacol Res Perspect. 2018 ; 6(6) :
€00444. https://doi.org/10.1002/prp2.444

Poupon L, Lamoine S, Pereira V, Barriere DA, Lolignier S,
Giraudet F, et al. Targeting the TREK-1 potassium channel via
riluzole to eliminate the neuropathic and depressive-like ef-
fects of oxaliplatin. Neuropharmacology. 2018 ; 140 : 43-61.
https://doi.org/10.1016/j.neuropharm.2018.07.026

Shang L, Xu TL, Li F, SuJ, Li WG. Temporal dynamics of anxiety
phenotypes in a dental pulp injury model. Mol Pain. 2015; 11 :
40. https://doi.org/10.1186/512990-015-0040-3

Pagliusi M, Jr., Bonet IJM, Brandao AF, Magalhaes SF, Tambeli
CH, Parada CA, et al. Therapeutic and Preventive Effect of
Voluntary Running Wheel Exercise on Social Defeat Stress
(SDS)-induced Depressive-like Behavior and Chronic Pain in
Mice. Neuroscience. 2020 ; 428 : 165-77. https://doi.org/10.
1016/j.neuroscience.2019.12.037

Greégoire S, Millecamps M, Naso L, Do Carmo S, Cuello AC, Szyf
M, et al. Therapeutic benefits of the methyl donor S-adenosyl-
methionine on nerve injury-induced mechanical hypersensi-
tivity and cognitive impairment in mice. Pain. 2017 ; 158(5) :
802-10. https://doi.org/10.1097/j.pain.0000000000000811
Lomazzo E, Bindila L, Remmers F, Lerner R, Schwitter C,
Hoheisel U, et al. Therapeutic potential of inhibitors of en-
docannabinoid degradation for the treatment of stress-
related hyperalgesia in an animal model of chronic pain.
Neuropsychopharmacology. 2015 ; 40(2) 488-501.
https://doi.org/10.1038/npp.2014.198

Caspani O, Reitz MC, Ceci A, Kremer A, Treede RD. Tramadol
reduces anxiety-related and depression-associated behaviors
presumably induced by pain in the chronic constriction injury
model of neuropathic pain in rats. Pharmacol Biochem Behav.
2014 ; 124 : 290-6. https://doi.org/10.1016/j.pbb.2014.06.018
XuY, Cui SY, Ma Q, ShiJ, YuY, LiJX, et al. trans-Resveratrol
Ameliorates Stress-Induced Irritable Bowel Syndrome-Like
Behaviors by Regulation of Brain-Gut Axis. Front Pharmacol.
2018 ;9 : 631. https://doi.org/10.3389/fphar.2018.00631
Lin YW, Chou AIW, Su H, Su KP. Transient receptor potential
V1 (TRPV1) modulates the therapeutic effects for comorbidity
of pain and depression: The common molecular implication

for electroacupuncture and omega-3 polyunsaturated fatty

131.

132.

133.

134.

135.

136.

137.

138.

KOREAN JOURNAL OF

ACUPUNCTURE

acids. Brain Behav Immun. 2020 ; 89 : 604-14. https://doi.
org/10.1016/j.bbi.2020.06.033

Cabarga L, Batalle G, Pol O. Treatment with slow-releasing hy-
drogen sulfide donors inhibits the nociceptive and depres-
sive-like behaviours accompanying chronic neuropathic pain:
Endogenous antioxidant system activation. ] Psychopharmacol.
2020 34(7) : 737-49. https://doi.org/10.1177/0269881120913154
Laumet G, Zhou W, Dantzer R, Edralin JD, Huo X, Budac DP,
et al. Upregulation of neuronal kynurenine 3-monooxygenase
mediates depression-like behavior in a mouse model of neu-
ropathic pain. Brain Behav Immun. 2017 ; 66 : 94-102.
https://doi.org/10.1016/j.bbi.2017.07.008

Chung G, Kim CY, Yun Y-C, Yoon SH, Kim M-H, Kim YK, et
al. Upregulation of prefrontal metabotropic glutamate receptor
5 mediates neuropathic pain and negative mood symptoms af-
ter spinal nerve injury in rats (vol 8, 2744, 2017). Sci Rep. 2017 ;
7(1) : 8. https://doi.org/10.1038/s41598-017-09991-8
Medeiros P, de Freitas RL, Boccella S, Iannotta M, Belardo C,
Mazzitelli M, et al. Characterization of the sensory, affective,
cognitive, biochemical, and neuronal alterations in a modified
chronic constriction injury model of neuropathic pain in mice.
J Neurosci Res. 2020 : 98(2) : 338-52. https://doi.org/10.1002/
jnr.24501

Fellah F, Djenidi R, Bellik Y, Dehbi-Zebboudj A. Spharococcus
coronopifolius alleviates oxidative brain injury associated to
depression-related behavior infemale wistar rats. International
Journal of Pharmaceutical Sciences and Research. 2020 ; 11 :
7. https://doi.org/10.13040/ijpsr.0975-8232.11(2).693-99
KimH, ChenL, Lim G, Sung B, Wang S, McCabe MF, et al. Brain
indoleamine 2, 3-dioxygenase contributes to the comorbidity
of pain and depression. J Clin Invest. 2012 ; 122(8) :2940-54.
https://doi.org/10.1172/JCI61884

Mahesh R, Viyogi S, Pandey DK, Yadav S. Evaluation of an-
ti-depressant and analgesic- like activity of ondansetron in
rodents model of co-morbid pain and depression. Indian J
Pharm Educ Res. 2010 ; 44(2) : 160-70.

Poupon L, Lamoine S, Pereira V, Barriere DA, Lolignier S,
Giraudet F, et al. Targeting the TREK-1 potassium channel via
riluzole to eliminate the neuropathic and depressive-like ef-

fects of oxaliplatin. Neuropharmacology. 2018 ; 140 : 43-61.

www.kjacupuncture.org



https://doi.org/10.1016/j.neuroscience.2019.12.037
https://doi.org/10.1016/j.bbi.2020.06.033
https://doi.org/10.1002/jnr.24501
https://doi.org/10.13040/ijpsr.0975-8232.11(2).693-99

KOREAN JOURNAL OF

ACUPUNCTURE

139.

140.

141.

142.

143.

144.

145.

146.

https://doi.org/10.1016/j.neuropharm.2018.07.026

Radat F, Margot-Duclot A, Attal N. Psychiatric comorbidities
in patients with chronic peripheral neuropathic pain: A multi-
centre cohort study. Eur J Pain. 2013 ; 17(10) : 1547-57.
https://doi.org/10.1002/j.1532-2149.2013.00334.x

Lindsay PG, Wyckoff M. The depression-pain syndrome and its
response to antidepressants. Psychosomatics. 1981 ; 22(7) :
571-7. https://doi.org/10.1016/S0033-3182(81)73478-9
Breivik H, Borchgrevink P, Allen S, Rosseland L, Romundstad L,
Breivik Hals E, et al. Assessment of pain. Br ] Anaesth. 2008 ;
101(1) : 17-24. https://doi.org/10.1093/bja/aen103

Barrot M. Tests and models of nociception and pain in rodents.
Neuroscience. 2012 ; 211 : 39-50. https://doi.org/10.1016/;.
neuroscience.2011.12.041

Siemian J, LaMacchia Z, Spreuer V, Tian ], Ignatowski T, Paez
P, Zhang Y, et al. The imidazoline 12 receptor against 2-BFI at-
tenuates hypersensitivity and spinal neuroinflammation in a
rat model of neuropathic pain. Bichem Pharmacol. 2018 ; 153 :
260-8. https://doi.org/10.1016/j.bcp.2018.01.032

Wong M L, Licinio J. Research and treatment approaches to
depression. Nat Rev Neurosci. 2001 ; 2(5) : 343-51. https://doi.
org/10.1038/35072566

Campbell L C, Clauw D J, Keefe F]. Persistent pain and depres-
sion: a biopsychosocial perspective. Biol Psychiatry. 2003 ;
54(3) : 399-409. https://doi.org/10.1016/s0006-3223(03)00545-6

Birrer R B, Vemuri S P. Depression in later life: a diagnostic and

147.

148.

149.

150.

151

152.

Pain and Depression Comorbidity

therapeutic challenge. Am Fam Physician. 2004 ; 69(10) :
2375-82.

ZhangR, Lao L, Ren K, Berman B M. Machanisms of acupuncture-
electroacupuncture on persistent pain. Anesthesiology. 2014 ; 120(2) ;
482-503. https://doi.org/10.1097/ALN.0000000000000101
Park JY, Cho Sj, Lee SH, Ryu Y, Jang JH, Kim SN, Park HJ.
Peripheral ERK modulates acupuncture-induced brain neural
activity and its functional connectivity. Sci Rep. 2021 ; 11(1) :
5128. https://doi.org/10.1038/s41598-021-84273-y

Park JY, Lee IS, Cheon S. Central and peripheral mechanism
of acupuncture analgesia on visceral pain: a systematic
review. Evid Based Complement Alternat Med. 2019 : 2019 :
1304152. https://doi.org/10.1155/2019/1304152

Park JY, Park JB, Jeon SH, Doo AR, Kim SN, Lee HS, et al.
From peripheral to central: the role of ERK signaling pathway
in acupuncture analgesia. ] Pain. 2014 : 15(5) : 535-49.
https://doi.org/10.1016/j.jpain.2014.01.498

Jung JY, Lee SM, Lee MJ, Ryu JS, Song JH, Lee JE, et al.
Lipidomics reveals that acupuncture modulates the lipid
metabolism and inflammatory interaction in a mouse model
of depression. Brain Behav Immun. 2021 ; 94 : 424-36.
https://doi.org/10.1016/j.bbi.2021.02.003

Lee MJ, Ryu JS, Won SK, Nangung U, Jung JY, Lee SM, et al.
Effects of acupuncture on chronic stress-induced depression-
like behavior and its central neural mechanism. Front Psychol.

2019; 10 : 1353. https://doi.org/10.3389/fpsyg.2019.01353

www.kjacupuncture.org

99



https://doi.org/10.1016/S0033-3182(81)73478-9
https://doi.org/10.1016/j.neuroscience.2011.12.041
https://doi.org/10.1038/35072566
https://doi.org/10.1016/s0006-3223(03)00545-6

