192 SRS LR E S Laboratory Animal and Comparative Medicine Apr. 2024, 44(2)

DOI:10.12300/j.issn.1674-5817.2023.141 - Ao ipisE -

Animal Models of Human Diseases

E 9, &, B, #ERLKTHYIES EER R AL IR A A E Hok, MEEFIF. YA
JR AL T S35 B 4 BF 55 o M3 (specific pathogen-free, SPF) #4774 3% . SPF 5 i M ] K 2 358 51
WAE TAE, JaAEAL I A AL g K] PO AT N 2RI 58 BE IR S R RS A R & B AT AE R E
AR R 5 B TR 5 e N S Bl i ) L 2L o LA R R AR ORI AR, R AR AR L AR AT
AR R MR AR RS AR A (b)) ANE R e A PPN AR R Y LS AR I T AF . 2 F
CEmFMmY, 2% (EEMAHNE) FE3m) £ oM. (GIMALEREY SAF, SHEMH
(CHED AR LRI ELIERT) FRER T BELTRREM L. 5 EKE LS LR,
BB IR R B K A RA RIS R IE 1020, A2 E AR R RIS XI0 R o
WAEE, &k, W, dbA 4R R R LA M B IR S A R A B RSl £ R b A, A sE A AR
LS Fh W fE 5 4 B % Bt & (Institutional Animal Care and Use Committee, IACUC) FJ&. K I
INETIF M AIREE . RIS R R A . EFFIE R & H E A A8 R SR R EE 4L
U0 B M H A1k (major histocompatibility complex, MHC) £ % F 45 %€ J% J& 44 SPF 3 /i 2, A%
e H XTI AT R B SPE S B R, S5 F F E B A SPF /b B fu SPF R B B B A 52
BAEKIAMLT ELBREMESRLLEBINELERES, SRIMFTREZE TN ITFERE.
LIFMABAMCILL WE TS, LRI EMBEARE LS, SWRIFp MK TR ST
MM TR R SRR, BRI ELEN ML LR EMBEARAZRSMP K. BRITE LRI
S I g VLR ARAT S50 B 5 i BB AR IS K AL (PRRIR) BB UL SC 55 ) M i
BRI R B EAE R A A, bR ERERMEHRTE A A E NI OH TR R 140 £ 5, HR
TH 15 HFMEHHLESS 4o

N5 Al P HE: ) S TR 2 23~ 8540 i PR AR B
Wttt e

kKOAL HERRL EOF
(L ARl K 5 3l 40 B2 B, AL AC 1001935 2. Ab 78 438 A TR 92 56 3h Hr BUR A LA 7, Ak 3K 100012)
HBZE] (Q0BFHEEBTESERRIRS) REBSUTBENREFALLAEFEREZEM, M. BEERE
FRUNES. BEDERBEERARERLARNERZ—, AREARBRENLBIHIETHEZEEEZNIG
KEX. BRIAXRERREXEBSRBHEZ S, ATEENERELFZBE, LRIMYWLARAKK. B
2. BREONS, ABAERANR. ASEMHYNEREEEEWNEEFNES, WRASHBINYIA
$’El‘lﬂ”%f*’f’ﬁ[lr£¥$ﬂ SRERARPEMMXE. FANFRT FEANMEERES S BRFEWERAFT At
TiERo i, DAMEERNSE. HEARNVAMK, BEEDENSERESE. HEAENARMERED 417H
Etbﬁx?*lﬂuﬂ%ﬁ%&@ﬁﬁ,ﬁo DITERER: A%, BE. BF. B AREFA FTEEE CITHELOEEE
BENEERERERL, SAXKBEEEAZ/LOPREAEUNR/NBEBESR, SEODYMAELL, AXRNRERIR
RE, #REZEES); BAENRBHNREEASAXNERER, B%. BF. . KENERSXKESAENE
LEEERE. EIEME, AE@ERT ASEMHYZ EEERBREHHEMNEREZNR, mXJ‘TH*HﬁEBWJ’f&IEﬂ
BERTRIERD EZHTT B4, ET'7‘J$E|EHELXEH911J¢:|LE’J;&Hﬁ‘ﬂJ%E VSR LB 2R

[X§iF] HiaE; BE; WRES; miPiER; @mI5H0
[FES#EES] Q95-33; R-332 [XEkiFEME]A [;‘cggﬁqnem 5817(2024)02-0192-10

[E£RE] I THBRNELRMIBARBRABASHNE BAREZ RN BEETHNSHENHAR" (ZJRD202310)

[BE—EH] 3% F(2000—), & ALHRE, EWAE:HNWEZE . E-mail: zhangli2_11@163.com. ORCID: 0009-0000-5365-7987

[BEEE] $5E00971—) & #L BfRR, Bl sm: LRMYNEF-SERKREEF. E-mail: lingxia.han@criver.cno. ORCID: 0000-
0002-0186-0032;
E F(1969—), &, L, BIHIR HRESIF, W6 : BE SERKRE ARRBES, E-mail: kuangyu@cau.edu.cn. ORCID:
0000-0002-9531-0049



Apr. 2024, 44(2) LR S E S Laboratory Animal and Comparative Medicine

193

Advances in Comparative Medical Research on Anatomy and
Histological Structure of Intervertebral Discs in Humans and Other
Animals

ZHANG Li", HAN Lingxia%, KUANG Yu'
(1. College of Veterinary Medicine, China Agricultural University, Beijing 100193, China; 2. Beijing Vital River
Laboratory Animal Technology Co. , Ltd., Beijing 100012, China)
Correspondence to: HAN Lingxia (ORCID: 0000-0002-0186-0032), E-mail: lingxia.han@criver.cn;
KUANG Yu (ORCID: 0000-0002-9531-0049), E-mail: kuangyu@cau.edu.cn

[ABSTRACT] The 2023 China Health Report on Spine Degeneration noted a significant increase in lumbar
surgery among patients under 35 years old in recent years, indicating a trend towards younger onset of
cervical and lumbar diseases. Lumbar intervertebral disc herniation has become a major concern, making
the study of disc degeneration pathogenesis and treatment methods clinically significant. At present,
human intervertebral disc diseases are primarily diagnosed through imaging due to the challenges of
obtaining tissue samples from the spine. Therefore, experimental animals have emerged as alternative
research subjects because they are cost-effective, have short experimental cycles, and are easily
accessible. Given the structural and physiological differences between human and other animal
intervertebral discs, comparing their anatomy and histological characteristics forms the foundation of
research into human disc degeneration. The purpose of this paper is to collect and review relevant studies
on anatomical and histological structures of intervertebral discs in different animals and conduct a
comparative analysis from four aspects, namely, intervertebral disc height, lumbar disc geometry, lumbar
disc cartilaginous endplate characteristics, and extracellular matrix components. The results show that
humans, kangaroos, sheep, pigs, and rats exhibit similar relative heights between the sixth and seventh
cervical vertebrae. Mice possess lumbar disc geometries most akin to humans. Compared to other animals,
humans have the thickest cartilaginous endplates and the lowest cell densities. The collagen within the
fibrous annulus differs most notably in pigs compared to humans, while water content in the nucleus
pulposus is consistent across pigs, sheep, rabbits, rats, and humans. Additionally, this paper describes the
commonalities and discrepancies in disc degeneration manifestations between humans and animals, and
summarizes modeling methods for disc degeneration in different experimental animals. Ultimately, the
aims of this paper is to provide fundamental data for selecting suitable experimental animal models for the
study of intervertebral disc degeneration.
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Table 1 Comparison of relative height values of intervertebral discs in the cervical, thoracic, and lumbar segments

between humans and other animals

Eiiva A2 (=20 ~ 615) £E(n=8) #2081 127 ~ 14) 378 (p=10) w
Level Human Kangaroo Sheep Pig (n=5-19)
Rat
C2=C3E 0.29 = 0.12 = =
C3-~C4 0.30 - 0.15 0.24 0.32
CA-1C5 0.29 0.21 0.16 0.25 0.28
C5~C6 0.25 0.25 0.17 0.23 0.21
C8~C7 0.23 0.24 0.21 0.20 0.22
C7~T1 0.26 0.27 0.20 0.14 0.51
Tl = T2 0.31 0.19 0.19 0N =
T2~T3 0.30 0.4 0.13 0.14 -
T3 ~ T4 0.22 0.16 0.1 0.13 -
T4~T5 0.21 0.15 0.M 0.13 -
T5~T6 0.19 0.1 0.10 0.12 -
T6~T7 0.22 0.1 0.1 0.10 -
T7~T8 0.26 0.13 0.1 0.1 -
T8~T9 0.25 0.4 0n 0Mn -
T9~T10 0.31 0.15 0.01 0.09 =
T10 ~T11 0.28 0.18 0n 0. -
T11~T12 0.37 0.22 0.1 0.09 -
T12~T13 0.29 0.26 0.12 0.1 -
T13 ~ T14/L1 / 0.28 0.13 0.10 -
T14~T15 / / / 0.12 /
Ti5 = [Li / / / 0.12 /
L1~L2 0.41 0.27 0.13 0N 017
2=L3 0.43 0.25 0.12 0.12 0.17
L3~L4 0.49 0.23 0.12 0.1 0.17
L4~1L5 0.60 0.24 0.1 0.1 0.19
L5~1L6 0.61 0.26 0.1 0.12 0.16
L6~ L7/S1 / 0.41 0.Mn 0.12 /
L7 ~S1 / / - / /

E BRPEEORERNUEEESENESEMN/ENEERKE. C,

454 INERAFRTRS AN SERER.

mME; T, BOME; L, BEME; S, #RME. -0 ARTHEUE; Y/ AEREL

Note: All the data were obtained from measurements of anterior disc heights and anterior/vertebral body length. C, cervical vertebrae; T,

thoracic vertebrae; L, lumbar vertebrae; S, sacral vertebrae.

indicates values closest to corresponding human index.
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Table 2 Comparison of lumbar intervertebral disc morphology between humans and other animals

- anpy BE/MEORE NORE/MEORE ERER/AEEEER SAXSHNFEIRE%
Speiies I_DerZI Height/ lateral ~ Anteroposterior width/ ~ Nucleus pulposus  Average deviation from
width lateral width area/ disc area human parameters/%
AZ(n=3) Human L4~L5 0.20 0.67 0.28 -

% (n=3) Rabbit L4~L5 0.1 0.52 0.25 26.00
8 (n=3) Rat L4~ L5 0.16 0.75 0.25 15.00
/&R (n=3) Mouse L3~L4 0.17 0.67 0.18 12.00
AE(n=3) Rat CA10 ~ CAT1 0.29 1.07 0.37 46.00
/N (n=3) Mouse CA9 ~ CA10 0.20 1.08 0.30 18.00

L BBHE; CA, B, AREERERETSEXH P

Note: L, lumbar vetebra; CA, caudal vertebra. The data in the table were compiled from the reference'.
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Table 3 Comparison of characteristics of partial lumbar intervertebral disc cartilage endplates between humans and

other animals

(X£s)
==V e WX
Central area Edge area
. RIBFHE . N RIBFHE
. g RSB @REE  BEABE
=4 MM = =
) ) EE/mm = HHIE EE/mm mm’ fit
Species  Level . Cellular Collagen . Collagen
Thickness/ . Collagen . Thickness/ Cellular Collagen .
density/ T fiber ) T fiber
mm distribution . mm density/ distribution .
mm? diameter/ diameter/
feature mm?’ feature
nm nm
AZ(n=5) L1~L5 855.58+24.37" 259.00+31.00" F{7HEZI, 57.18+17.11  938.31+108.44 203.00+36.00 F 1T HEZI, 67.58+30.48
Human B2 UN Btz
¥%(n=8) L2~ L6 304.80+17.47" 605.00132.00" 18 B 4& &2 57.5342410° 279.24+27.72 409.00¢67.00 F{THEF), 63.46419.05
Pig R EEEEPN
%(n=8) L3~L7 6941:9.79  991.00+200.00 BEREMKFF 60.83+18.64" 73.81:11.27 868.00+192.00 BBEREKFH  77.06+21.92
Rabbit RERE RERZEK
AE(n=8) L2~L5 288.96+49.00" 603.00+93.00" MIKZA 45.06+8.98" 209.10+18.16  762.00+81.00 MIIRIZLH 107.25+42.74
Rat
BN ELIRTONMEXES LK, P<0.05, "P<0.01. AEHERBEFSEXMH .

Note.Comparlson of parameters in the central and peripheral regions of cartilaginous endplate of each species, "P<0.05; ~'P<0.01. The data

in the table were compiled from the reference?”.

3 ASHEtHYMNERRZBERNER

31 HERBERBERMAL

ARz ] Ry ) 7 1R AR R B H AN ) ) I ARE
Ko AFSMERIEHRAT 5 A& BOMER] &R H & T 3056
FOREHD : B e (A MR HOERFE W, KRR 1/

100 B0 i R R A (1] 4 5 H R T R S A 2R R
b B9 AZSIRASHE R MR R AR AR AR R —,

T 6L 4 26 45 50 4 B0 2000 2 DR 2
g 1,

32 HHRBEPRBLEIRHETL

NE 5 HAB S YIME A R A A2 AR (B AR —
B, BN E 2R A EE | i ) T AR T B R
B SRS R R S BRI, RFEA S
B, 7J</\ﬁfﬂ§|3¢1EE A 1] 50 A T H O R 8 A
RN E E AR, 1B S IANRE RGN, HER R
A 5 () Y L o < JE AR 8 (matrix metalloproteinase,
MMP) -1, MMP-3, MMP-10. AR5 A+ (tumor
necrosis factor, TNF) —«. FH4EZE (interleukin, TL) -6
SRR T RRA B B AR AR AR E



Apr. 2024, 44(2) LIS SELRES Laboratory Animal and Comparative Medicine 197

x4 ASHftaEEEPREER . EARE KSEENLLER

Table 4 Comparison of collagen, glycosaminoglycan, and water content in intervertebral discs between humans and other animals
(Xts)

BREEH S/ (wgmg”)
Collagen content /(pg-mg™)

BEAREOL/ (bgmg))
GAG content/(ug'mg™)

BIKE/%

Water content/%

i BB Az " FHEIRHER FLEIRINED " SFHIRNER  FHIRIMED " FHINER FHIRINED
) BEtz BEZ BEZ
Species Level Inner Outer Inner Outer Inner Outer
Nucleus Nucleus Nucleus
annulus annulus annulus annulus annulus annulus
pulposus . . pulposus . . pulposus .
fibrosus fibrosus fibrosus fibrosus fibrosus fibrosus
AZ(n=3) L3~L4 156+40 479+30 102.6+18.9 - - - - - -
Human L4~L5 - - - 466.0+205.0 377.0+¢185.0 161.0+31.9 81.0£3.0 80.0+2.0 72.0£3.0
¥%(n=5) L1~12 5829 108.7+6.4"" 1224228  379.0+160.0 150.0+19.7°  71.8+135 83.0:2.0 69.0£3.0° 59.0£2.0°
Pig
W=*E(n=5) L4~L5 185+5.8 26.4+15.7 52.7413.9"
Goat
B¢ (n=5) L3~L4 19.2¢10.6 66.8«11.1 106.9+18.4 547.0+69.5 260.0+55.5" 122.0+32.6 75.0+3.0 66.0£3.0° 57.0+3.0°
Sheep
% (n=5) L4~L5 - 34.017.2 77.9+19.2 579.0£158.0 372.0£132.0 160.0¢102.0 82.0+5.0 73.0¢5.0 62.0£9.0"
Rabbit
KE(n=5) L3~L4 - 384.0+108.0 165.0:27.9° 47.1:10.9° 82.0:9.0 71.0:9.0° 65.0+3.0
Rat

i SAESHLR, P<0.05, "P<0.001;

Note: Comparison with human parameters,

references %,
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