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[ Abstract] With increased population aging, the incidence of osteoporosis ( OP) increases year by year, and has
become a key global public health problem. Its main characteristics are reduced bone mass and damage to bone
microstructure, often clinically manifesting as pain, hunched-back posture, height reduction, and even bone fractures.
Therefore, it is particularly important to actively carry out scientific research related to OP, and the construction of animal
models has become one of the key drivers of medical research, especially for exploring new treatments and in drug

¢

development. Animal models that are a “combination of disease and syndrome” , integrating the characteristics of Chinese

medicine, occupy an irreplaceable position in research aiming to modernize traditional Chinese medicines. On the basis of
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the current research status of disease-syndrome combination OP animal models, this paper summarizes model construction
and evaluation method to provide certain ideas and references for research using these specialized OP animal models.
[ Keywords] osteoporosis; combination of disease and syndrome; animal models; research progress
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Table 1 Western medical diagnostic criteria for osteoporosis

Elements of diagnosis Methods of diagnosis Indexability
(DDXA/DEXA ;T -2.5;@0QCT: BMD 80 mg/cm’ ; @TBS: TBS
(H-13] 1. 200,
BMD testing[”_m (DDXA/DEXA. T score equal to or less than —=2.5. @QCT. Absolute BMD value less than 80 mg/  Core indicators

em®. BTBS. TBS is less than or equal to 1. 200.

9) : , , ,

CT: ,CT -90 HU,
. . ; @MRI; N

> o

(DX-ray examination. Longitudinal stripes in the internal structure of the vertebra, thinning of the

, 10

[14-16] peripheral bone cortex, flattening of the vertebral body, concave of the upper and lower edges, and

lmaging““_m widening of the intervertebral space. @XCT. Density of cancellous bone in the center or the entire area
of the vertebral body is reduced, the CT value is sometimes as low as —90 HU, sometimes the
trabecular bone of the vertebral cancellous bone is coarsely punctate, honeycomb changes, the bone  Main indicators
cortex can be seen as general thinning, and the bone hyperplasia around the vertebral body. (MRI.
Intervertebral disc is thinned and low-signal, with irregular spot-like hyper-signal areas visible and
intervertebral space distances increased.
7 ) ;@ 16) @ .
Laboratory DBlood calcium concentration decreased. @ Decreased osteocalcin. (3 Serum alkaline phosphatase
examination! 7} decreased. @Serum anti-tartrate acid phosphatase increased, etc.
. ® @ 3 @
Secondary

Clinical Signs[{ (DLow back pain or generalized bone pain. @Deformity of the spine occurred. @)Decreased height or indicators

humpback deformity. (@Fragility fractures of the hip or vertebral body.
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Table 2 Main diagnostic criteria of osteoporosis in traditional Chinese medicine

Syndrome type

( )

Characteristic presentation( Core indicators )

( )

Similar presentation ( Secondary indicators)

[18]

Kidney-Yang deficiency

[19]
Liver-kidney Yin
deficiency syndrnme{ 1]
[19]

Spleen and kidney

Yang olcficicncyL 19]

[20]
Kidney deficiency

and blood stasis 2]

[21]

Spleen and

stomach deficiency (21

[19]

Syndrome of blood stasis

[18]

@ 10) .
(DFrequency of urine. @Pale tongue with whitish coatin,
deep pulse and thin string

) ;@ 1e) NN

(D Vertigo and tinnitus. @ Dysphoria in chestpalms-soles.
(3 Dry redness of tongue, lacking tongue coating, pulse
sinking, fine and fast

@ ;@ ;®

(DPoor or frequent urination. @chronic diarrhea or Wugeng
diarthea. 3 Pale and plump tongue, white and smooth
tongue coating, dim and weak pulse or deep and taut pulse

) ;@ .
(DTrudge. @Tongue light purple, fine and astringent pulse

@ ;@ @

(DYellowish or swollen or emaciated complexion. @Lack of
appetite, bloating, diarthea. (3 Pale tongue with whitish
coating, thin and delicate pulse
@ . 5@ 163 ;

(D Pain has a fixed point, refuse to press. 2 Muscle

@ ;@ ;®
(D Cold pain in the back and waist. @ Acidity,
weakness, and fatigue. (3Hunchback

@® , ;@ ;@
(D Lumbar and knee soreness and weakness ,
cramps. @Hunchback. 3)Physical emaciation

@ , ;@
(DAcidity, weakness, and even stooping. @ Activity
limitations

@ ;@ ;@
(DLumbar spine tingling pain. @ Lumbar debility.
B Lower limb weakness

@ ) 36)
(DLow back soreness and pain. @ Muscle atrophy.
(3Weakness of muscles and bones

o) ;@
(DPain in the back and body. @Hunchback

-kB

and Qi slagnation“w contracture. 3 Tongue purple dark, petechiae or
ecchymosis, pulse astringency or stringency
oP . .op oP
o] s ’
“ ” “ ” L35J
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Table 3 Characteristics of different OP animal models

Conforming to symptoms

Modeling Modeling Animal Aharacteristic
type method .. Traditional
Western medicine . .
Chinese medical
Wistar/SD .C57BL/6
[25] N

Sciaticnerve
amputation

method %!

[26]
Ovariectomy
and castration

method®)

[27]

Glucocorticoid

method "]

[28]

Retinoic acid
gavage

method 2®)

Pathological
modeling

[29]
Ethanol

method )

[30]

Streptozotocin

method "]

Wistar/SD rats, C57BL/6
mice, New Zealand long
eared white rabbits, etc

SD . Wistar .
C57BL/6
SD rats, Wistar rats,

C57BL/6 mice, etc

SD . C57BL/6
(AB/TU )

SD rats, C57BL/6 mice,

New  Zealand  white

rabbits, zebrafish ( AB/

TU strain) , etc

SD
SD rats

SD .
Wistar

SD rats,
Wistar rats

SD
SD rats

°
All models were made using surgical
methods. It is simple, efficient, and
requires a short time for modeling, but
it increases the risk of postoperative

infection and death.

s o
It will not cause mechanical damage to
model animals and is more in line with
human hormone secretion levels. But it
takes a long time and the drug itself

interferes.

o

Operation is simple, the modeling time

is short, and the symptoms of
osteoporosis are typical. However, after
discontinuing  retinoic  acid,  the

osteoporosis status gradually recovers.

Modeling materials are simple, and the
methods are simple and feasible. It is
an important model for exploring the
impact of ethanol on bone metabolism
and has many applications. Since the
cannot  be

amount of ethanol used

controlled, it is mnot possible to
determine exactly how long it will take

for the mold to be successful.

oP,
Modeling method is mature and the
modeling period is long, but the
pathogenesis and clinical manifestations
of the model are similar to those of
human diabetes, and it is mostly used

to study OP in diabetes.

N
N o
Blood calcium
concentration
decreases,
osteocalcin
decreases, and bone
trabeculae become

sparse and thinner.

Weight
slow reaction,
delayed

movement.

loss,

and




2024 6 32 6

Acta Lab Anim Sci Sin, June 2024, Vol. 32, No. 6

777

3
Conforming to symptoms
Modeli Modeli . .
odelng odeing Animal Aharacteristic
type method . Traditional
Western medicine . .
Chinese medical
RANKL ( ,
-«kB RANKL/RANK/OPG
) [31]
Injection of SD It can simulate a high turnover bone :
RANKL ( nuclear SD rats disease model and be used to N
factor kB receptor characterize the potential role of the * °
activator RANKL/RANK/OPG  pathway in .
ligand) [31] various bone diseases. > .
Blood calcium A
’ ’ concentration ) °
Slow
. decreases,
Pathogenic . movement ,
modelin, B osteocalcin elevated rectal
8 ’ decreases, and bone
s s opP o temperature ,
(32] . trabeculae become .
: Modeling methods are mature and the sparse and thinner yellow urine,
Subcutaneous SD modeling cycle is long, but the Lo dry stools,
R . . . . Some models exhibit .
injection SD rats pathogenesis and clinical manifestations ;= 1 serum and dry hair.
of of the model are similar to those of sistant acid
. (3] b o that i lective d . tartrate resistant acid
streptozotocin umans, that 1s, selective destruction phosphatase and
of pancreatic islets in modeling animals frasile f .
X ragile fractures.
B cells can induce elevated blood sugar
and increase bone loss, which is
consistent with the etiology of OP.
+
[33] s N
. op o
Intragastric ’ @
administrati f . ° . . . . :
?;I.lnnl:il; rdal(f)ir(ll (:_ SD Easy to obtain materials while reducing N
. ) SD rats the interference of mechanical damage ; @
intramuscular . . .
L on modeling factors.  Effectively :
injection of . . ..
. simulated the kidney Yang deficiency N
hydrocortisone >
. type of OP. ;@
nto
the buttocks!** ’
h Common
A symptoms ;
A ’ weight  loss,
op ’ > slow reaction,
. S S Lo d sve
- (27] Modeling method is simple and Sparse and thinning an neven
Combination SD - . . hair color. D
. Intramuscular efficient,  with  convenient  drug of bone trabeculae, .
of disease SD rats . . . Kidney Yang
dexamethasone extraction and minimal interference  decreased .
and syndrome = . . L deficiency :
. injection" from modeling factors.  Effectivel osteocalcin, increased
modeling ) . g . ovey . . mental
simulated the kidney Yin deficiency serum tartaric acid .
. exhaustion,,
type of OP. phosphatase, and arched  back
occurrence of brittle cudin @
fractures. urine: -
Kidney  Yin
Deficiency ;
Dry and dry
h opP stools, yellow
¥ ) ’ urine. ©)
LS lee d
(34 sD Modeling drugs are cheap and easy to ?1] d‘)rfen Y:i
Injecting obtain, and modeling is simple and ney J
. SD rats . . . Deficiency ;
hydrocortisone ~ + easy to operate. Interference factor is
Loose and

senna leaves by

gavage [34]

small. Effectively simulated the spleen
and kidney Yang deficiency type
of OP.

loose  stools,
sometimes
resembling
water.
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Table 4 Quantitative indicators of OP specificity for different syndrome types
Syndrome type Shared quantitative indicators Specificity quantification
[52] [52] [53]
Kidney-Yang ’l‘otal—lriiodothyronine{52} decreases, 'l‘otal—thyroxine”ﬂ decreases,
deficiency Body temperature[sﬂ decreases
C- [54] . [54] . 1055] .
3[55]
Liver-kidney Yin [38] 91 (40l . [54] . (54] . .
deficiency syndrome «B «B C-reactive protein'”" rises, Mean arterial pressure'”" rises, Aquaporin
[41] [42] [43] 1055 rises, Aquaporin 309 Lises
) c )
, w© ’ p D- 561
Spleen and kidney el ) ] . . [56]
Yang deficiency Osteoprotein“s' ,  Alkaline phosphatase[m R Decreased urine D-xylose metabolic rate
Osteocalcin ) | Nuclear factor-B receptor
. . . [57] [58] [58]
activator and nuclear factor-kB receptor activator D i D
Kidney deficiency factor ligands“ﬂ . Resistant to tartaric acid Elevated endothelin'®”' | Elevated platelet aggregation rate' ) |
and blood stasis phosphatase“z] . Blood calcium!®!, Blood Increased plasma ViSCOSilY[SSJ
phosphorus #] | Creatinine!*) | Serum cystatin C
and urea ni [46] T [59] [59]
and urea nitrogen""" , Microvascular shape and

Spleen and stomach ~ ~ (47]
deficiency its number

Syndrome of blood
stasis and

Qi stagnation

Gastrin' ™! decreases, Motilin"**! decreases

[60] [61]
[60]

1]

Pain threshold"*} changes, Serum fibrinogenjﬁ rises, Pre- and Post-

joint photographs of modeled animals'®’ changes
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[65]
, ( tatol-triiodothyronine ,
TT3) ( total-thyroxine, TT4 )2
3 TT3 TT4
(661 .
[67]
4.2.2
opP , opP
[68]
[69]
[54] [70]
C- ( C-reactive protein, CRP)
(mean arterial pressure, MAP) o
1( Aquaporin 1,
AQP1) | 3 ( Aquaporin 3, AQP3)
[55]
/ N
op ,
CRP , MAP AQPI
APQ3
4.2.3
[71]
D-
[56]
D- o D-
, Op
4.2.4
opP ,
o opP

o

) ( endothelin, ET) [s7)
S, ET
, OP

4.2.5
op'™ ’

(gastrin, GAS) | (motilin, MTL)

[59]
GAS  MTL
) MTL GAS

4.2.6

<< >> . « ,

. 5 ” OP
[60]
Lot]
(fipinogen , FIB) (1]
[60] .
FIB (741
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Table 5 Specific scenarios and modeling methods of different syndrome models of OP

Syndrome type

Specific scene

Construction mode

[75]

Kidney-Yang

deficiency (73]

[77]

Liver-kidney Yin

deficiency syndmme[ﬂ]

[79]

Spleen and kidney

Yang deficiency“g]

[81]

Kidney deficiency and

blood stasis'®"

[83]
Spleen and stomach

deficiency s3]

[85]

Syndrome of blood stasis

and Qi stagnation (s3]

op

This model can be used to study senile OP

OP , PMOP

This model can be used in the study of

diabetic OP and PMOP

(0)N op

This model can be used in the study of senile
OP and sarcopenia OP

OP .PMOP

This model can be used to study the middle
and late stages of senile OP and PMOP

oP | op

This model can be used to study diabetic OP
and sarcopenia OP

oP
This model can be used in the study of various

OP in the middle and late stages and in the
occurrence of fracture complications

[76]

Thyroid function was inhibited by intragastric drugs”(’r and the level of
thyroid hormone was reduced

[78]

By mechanical stimulation of the sympathetic nerve combined with

reduced water intake'”®)

[80]

Multiple low-dose intragastric administration was performed with rhubarb

or senna preparations, with fecal imformation as the standard %’

[82]

Ligation of the left coronary artery slows down the flow rate and is

combined with intimidation "%/

[84]

By prohibiting animals from eating or feeding them iI'rcgularlyL84J

[86]

Mechanical damage of animals was increased by means of restraint and

with  drugs to induce secondary inflammation to

[86]

combined

form adhesion

(0]

OP

, oP
, oP
op
, op
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