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[ Abstract]

naturally aging mice and its mechanism. Method: The mice were randomly divided into four groups according

Objective: To study the effect of Bazi Bushen capsules on delaying the aging process of

to their body weight, namely, aging group, low-dose Bazi Bushen capsules group (1 g-kg"'), high-dose Bazi
Bushen capsules group (2 g-kg'), and rapamycin group (0.002 g-kg"'). The debilitating signs were detected by
behavioral tests and the weakness index was measured. The percentages of spleen T and B lymphocytes, effector
T cells (TE), memory T cells (TM) , naive T cells (TN), helper T cells (Th) , cytotoxic T cells (Tc) , Thl
cells, Th2 cells, and regulatory T cells (Treg) were determined by flow cytometry. Cell proliferation and the cell
counting kit-8 (CCK-8) assay was used to detect the proliferation of lymphocytes in mice. The hematoxylin-
eosin (HE) staining was used to observe the histopathological changes in the mouse spleen. The expression of
cyclin-dependent kinase inhibitor 2A (p16) and cyclin-dependent kinase inhibitor 1A (p21) was detected by
immunohistochemistry (IHC). The mRNA expression of senescence-related proteins pl6é and p21 was
determined by real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) , and the
inflammatory cytokines, including tumor necrosis factor- « (TNF-«) , interferon-y (IFN-vy) , interleukin
(IL)-18, IL-2, IL-4, 1L-10, and IL-12 p70, in peripheral blood of mice were detected by Luminex. Result: As
compared with the aging group, mice in the Bazi Bushen capsules and rapamycin groups showed significantly
improved debilitating signs and reduced weakness index scores (P<0.05, P<0.01), increased proportions of T
cells, TN cells, Tc cells, Th2 cells, and Treg cells in the spleen, decreased proportions of TE cells, TM cells,
Th cells, Thl cells (P<0.05, P<0.01), and increased proliferation of splenic lymphocytes (P<0.05, P<0.01). In
the Bazi Bushen capsules and rapamycin groups, clear structure of the red and white marrow marginal zone was
observed in the spleen of mice, the area of the white marrow was increased, and the area of the red marrow was
correspondingly decreased. The protein and mRNA expression of aging-related proteins pl6 and p21 in the spleen
was decreased (P<0.01), the levels of serum pro-inflammatory cytokines IL-18, IL-2, IL-12 p70, IFN-y, and
TNF-« levels were decreased, and the levels of IL-4 and IL-10 were increased (P<0.05, P<0.01) in the Bazi
Bushen capsules and rapamycin groups as compared with the aging group. Conclusion: Bazi Bushen capsules
have the effect of regulating the debilitating signs of natural aging mice, regulating the immune homeostasis and
inflammation level of the body, and reducing cell aging.

[Keywords] Bazi Bushen capsules; inflammation; immunity; aging; lymphocyte subsets; aging-related

proteins
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Y B, 420 T 96 fLtR B AL 1x10° 4L, 343y
SAL, A AL (RN 3R ConA) AR 4L I\
FAMNEAR S A EINE R, B E 6N E
fL. ConA 5 mg-L"#illi# 24 h, %L A CCK-8 % M
10 pL,37 °C .5% CO, 15 =46 % & 4 h, i b5 400
T ALAE 450 nm &SI N OGR4,
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®1 5lmE3 Y 3 UK, N B 5E R -PE % S0 wL, # K 30 min,

Table 1 Primer sequence

GiEY] J A (5'-3") K /bp
pl6 f GCGAGGACCCCACTACCTTCTC 22
T it CACAAAGACCACCCAGCGGAAC
p21 -3f ACAGGAGCAAAGTGTGCCGTTG 22
Tif GCTCAGACACCAGAGTGCAAGAC
GAPDH i TGTCGTGGAGTCTACTGGTGTCTTC 23
T if GATGACCTTGCCCACAGCCTTG
WML BEAT A4 A5 B, B AL A SORLIR 45 4 50 wL, i

B 1 min, BALINAVE VR 100 wL, #1282 Bk 2K,
B AKE e S FREAS 50 wL, 2 IR 4% K F 30 min, &
3 IMAEYE- SRR 59 25 uL, $£IK 30 min,

F2 NFHERENEARZIRRBERMENZIM (F£5,n=10)

VE3 U, 2 i 125 WL A MOELIR & W L 55 R
BEE 30 s, LHLEEM .

210 Stk SR SPSS 26.0 #F XF 52 5 X
PTG 200 B IR R R x £ sRm . Z24H
] Lb B R BRI 2R 7 22 40 M o P<0.05 Rom 2 7 H
Gt L

3 &R

3.0 X H AR/ R EE R R B D B Y S
M 5 AR A R, T AN S 4L TR IR R
21 /N B B B 3G n (P<0.05, P<0.01) 5 /\F
AN v A R A R AL U R K B
Jn(P<0.05,P<0.01) ; /\ &b B 4% 20 F1 55 0 25 R 4
N R AE B C  E H n (P<0.05) . WL 2.

Table 2 Effect of Bazi Bushen capsules on debilitating phenotypes of naturally aging mice (x+s,n=10) S
451 /g kg PEX IS RN B I
AR RN 61.23+21.01 23.50+5.91 114.97421.25
INTF AR B AR ) 4 21 1 88.10+26.19" 26.43£5.71 172.61+45.28"
TN v 2 111.67+25.18% 37.30+5.77% 165.81+45.94"
CLEE 0.002 125.07+33.72% 29.63+5.69" 213.95+73.59"
5 AR EA A Y P<0.05,7P<0.01(F 3-% 97)
32 XMAKREZ/NBICICHWER SAHREE E T R A AR K 40 )R 2R A0 B AR BT I ) A

LHLH, N 74 A 4R IR R R 2/ BRAC 42 0 W]

F3 NFHERENBARZDRIZZANIZI (F£5.0=10)

245 (P<0.01), W33,

Table 3 Effect of Bazi Bushen capsules on memory of naturally aging mice (x+s5,n=10)

2190 F /g kg i 7] /s A/ mm
H Rzl 150.67+44.84 6 577.78+2 059.00
T AN E AR AL 1 32.33+13.12% 1293.36+533.72
PAG AR =g ki 2 30.22+14.98% 1 184.58+770.82%
TN RA 0.002 36.22+12.29% 1 629.45+639.87%

33 MWARER/NBAMZEREIWEH S5A
IRFE A LA, i A 18] R N AN A LA TR
A 2K AL/ SRS H 1P e 2 O R 4 G LR R 45 B
I ) B S 6 2 FP 7 A ) R R R R A B

x4 NFHERENEBARZDRUEZTRRENNEZIN (F+5,0=10)

[i] 1Y 8, P R S 6 v A 3R B X R [ S T
SR 7 eI el i I s 7 N8 S ER = i N I YU
WA, 22 5 BA gt 4% B L (P<0.05, P<0.01) .
W4,

Table 4 Effect of Bazi Bushen capsules on social exploration ability of naturally aging mice (x+s,n=10)

415 /g ke ST 1R A OB S 1AL A ] /s S 2 KA OB LI 2 4L A [A] /s
AUl 28.20+5.76 68.52+7.91 29.71+6.21 60.49+9.41
I\ AR B AR R £ 2 1 47.40+3.85% 94.23+5.09% 42.57+5.38% 88.99+9.02%
JNFHNE R R 2 60.20+8.79% 109.23+21.58" 51.00+9.61% 100.47+21.13"
TR 0.002 58.20+3.70% 106.04+13.25% 47.08+10.88% 97.89+12.15%
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34 XMAREEL/NRESHEHRWER SHKRE
H 0 R 5 AR OS> (7.06+£0.81) 43 L8, /T 41 B AR
& 41 (5.28+0.36) 43 .\ F #M ' R = 4 (5.22+
0.26) 43 I8 WA 55 25 20 (5.67+0.75) 43 i 55 18 B vE 43
P EREAL(P<0.01)

35 X AKEZ/NERMIEREMEN SARE
20 N B IE HE 80 (1.8520.41) mg- g L #, /T Ab
B AR A 4 20 (2.53+0.23) mg- g /\ T 4h B 5] 4
(2.56+0.28) mg- g FlE I%: % 41(2.39+0.17) mg- g
I I i & 1 W] @ £ A+ (P<0.05, P<0.01) .

3.6 X SRR /N RO EL A IO BE S 5 A
SR A HH, I\ D B A% 2 R 2 3R 2 LU

x5 NFHERENEARZNRMNCARTHNZIN (X+s,1=6)

JIE H T 44 s (CD45°CD3") Fo i) T &, e rh %00y T 4
Jfi (TE) (CD45°'CD3'CD62L"CD44" ) Flic 12 T 41 Jfl
(TM) (CD45°CD3"CD62L"CD44" ) Lt f5i] T~ [ | & #E
T 402 (TN) (CD45°CD3'CD62L" CD44 ) kb 49l T+ &5
B BhPE T 4001 (Th) (CD45'CD3'CD4") 4] F [, 4
Jitd 2 ¥ T 40 ffd (Tc) (CD45°CD3°CDS8") .5l 7H & , Th
40 Jfg H Thi 40 1 (CD45°CD3'CD4 IFN-vy*) I f5i] F
[% , Th2 4 il (CD45°CD3 CD4'IL-4" ) It 19l T+ &5 ,
5P T 40 M (Treg) (CD45°CD3"CD4'FoxP3+CD25")
Fo A v L 22 S B GE it oE 2 L (P<0.05,P<0.01),
B 41 i (CD45'CD3°CD19") 45 41 Z [6] 22 5+ L4 il 2%
B, &S,

Table 5 Effect of Bazi Bushen capsules on subpopulation of lymphocytes of naturally aging mice (x+s,n=6) %
215 Fl /g ke B T TE ™ TN
A9k w 4l 48.4143.63 32.3242.55 32.43+4.21 39.15+2.38 14.15+1.87
JNFRM B AR 2 1 50.73+4.43 41.97+6.03% 28.35+4.06" 36.15+4.86 27.15+1.77"
JNF RN 2 2 51.80+3.24 45.80+4.08% 23.70+2.68% 24.68+2.30% 31.93+1.61%
TMERA 0.002 50.44+3.81 43.20+4.89% 19.95+2.54% 31.73+3.44" 30.33+2.69”
251 Fl /g kg Tc Th Thl Th2 Treg
kUl 27.90+4.34 56.00+6.66 1.36+0.32 0.47+0.16 4.41+0.84
I\ AR 4 1 33.46+3.39 51.25+7.38 1.02+0.18" 0.86+0.15" 7.10+1.09”
INTFANE R A 2 40.96+6.38% 46.11+3.54% 0.57+0.18% 1.34+0.16” 7.75+1.33%
TINERHA 0.002 35.92+3.28" 48.53+5.70" 0.60£0.22% 1.01+0.27% 8.32+1.59%

3.7 XF A SR R /N BUM EL 40 R 5 5 BB 1 52
5 A5k A E 40 4(0.1320.04) Fh i, /N
AN G ) 2 (0.2040.05) L\ T AN B R & 4
(0.21+0.06) F1 75 0115 K 41 4(0.18+0.04) B & $2 T},
ZSRYHA S #E L (P<0.05,P<0.01).
3.8 X SR % & /N BUMLIE 41 210 B A 19 52
HAKEEAE, \TAE KA MEmMEZH
/0N BRI 21 . 1 8 300 5 DX 235 6 T A, 1 T FR S K
SR AR AH R /N . L 1
3.9 X H A& T/ UM E P ple A p21 2K 111 B
W5 AR, T AN S 4L IR
ZH /N BRI R opl6 Al p21 2R A B b (P<
0.01). UWLIE2FIE 3.6,
3.10 X EKREZ/NEBIES ple flp21 mRNA #
KR 5 AR E R, T ANE &R
AR R A A/ B NE S ple Ml p21 mRNA 3Rk &t
W0 (P<0.01). W7,
301 X [ AR /N AN A I vE 28 RE K 1Y 52
HAKEEH LK, N TFANE S RETEMNEZH

c D
WA AR EZH B AT HNE AR & 20 CO\F 4B )
;D FHMNEGRA
B1 NFHEREVEARZIREEAR/FELS
(HE,x100)

I %

Fig. 1 Effect of Bazi Bushen capsules on histopathological
morphology of spleen of naturally aging mice (HE, x100)

/N R AN JE I i %5 H 4 E X F- TL-18 . 1L-2 \IL-12 p70,
TNF-a Al IFN-y /K F-F& A%, IL-4 . IL-10 /K - B 2 7+ &

(P<0.05,P<0.01), WL#8.%9.
4 itit
IR LR XS A 5

f14 A= B AL BRI N BE )
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B2 NFHEREWMBARZNRBESpI6EAREENTN
(IHC, *400)
Fig. 2 Effect of Bazi Bushen capsules on expression of pl6

proteins in spleen of naturally aging mice (IHC, x400)

B3 NFHEREMBARZNRBES I ZEEREZENTLMN
(IHC, x400)
Fig. 3  Effect of Bazi Bushen capsules on expression of p21

proteins in spleen of naturally aging mice (IHC, x400)

BWREAR A AL T B W e B m st i
ST O A B S AN B AR g, p A
R A E R NSRS A [T NS = S B (R 2
EMRI N BUL B A BN R IS

x6 NFHEREMBARZNRMEFpl6F p2IEERERE
MM (x+£s,n=3)
Table 6 Effect of Bazi Bushen capsules on expression of p16 and

p21 proteins in spleen of naturally aging mice (x+s,n=3)

215 /g ke pl6 p21
AR BN 0.66+0.03 0.91+0.13
I\ AN B S 2 1 0.38+0.04> 0.41+0.09%
VAS RN = =il gl 2 0.22+0.02” 0.26+0.03%
L= 0.002 0.32+0.03> 0.32+0.06>

®7 NFHEREXNBAZEZ/NREMEF pl6 1 p21 mRNA Fik
ENHEM (x+s,n=3)
Table 7 Effect of Bazi Bushen capsules on expression of p16 and

p21 mRNA in spleen of naturally aging mice (x+s,n=3)

215 /g ke pl6 p21
SR/ E o0 1.54+0.29 2.71+0.19
I\ AR AR ik 4 1 0.95+0.07> 1.69+0.44%
IR B AR A 2 0.82+0.31? 1.36+0.28”
L= 0.002 0.94+0.19”  0.95+0.40”
BodEg S BERRERFEMMA R 2.

2019 4F M T F 5 A 3R B RN BB T 1Y 9 9
%m%mﬁ¢ﬁ8mﬁmwﬂﬂmﬁ®%ﬁﬂm
I (BT ORI BRAE S R R A DG R B
I, BiE 28 55 3 O R g R A A vk A T R 2 R) A %
MR e HITE N A RN E 2 A2 —,
CAMRRPFNEREA RIFMUE T 2 ME
FHALCAE 6 38 2 10 Z2 Bl A0 A 28 IR 100 B 4R i /KO
H LA AT VR R AR A 5T DA A B 2 AE R P
P2 .

*8 NFHBREXNBRTZ/NRINEMMERERFHIZIE (X£5,n=8)

Table 8 Effect of Bazi Bushen capsules on serum inflammation factors in peripheral blood of naturally aging mice (x+s,n=8) ng-g’
415 /g kg IL-18 IL-2 IL-4
RS E A 8.47+1.66 3.42+0.80 3.30+0.74
IR AR ik 1 5.72+2.35" 2.70+1.02 5.02+1.15"
I\ RN ) k2 2 5.22+2.39% 2.01+0.52% 6.07+1.30”)
iR A 0.002 3.48+1.35Y 1.99+0.60 5.73+1.69%

F9 NFHBEREXNBRRZNRINEG M MFE

RAEEFRIFM (f+s,n=8)

Table 9 Effect of Bazi Bushen capsules on serum inflammation factors in peripheral blood of naturally aging mice (x+s,n=8) ng-g’
2150 Fl /g ke IL-10 IL-12 p70 IFN-y TNF-a
Aokl 19.24+4.67 1380.25+189.55 48.14+15.34 365.14+101.97
JNF RN B AR 21 1 22.1249.18 987.69+241.65" 37.12+15.10 139.97+42.00%
IR B i AR A 2 34.14+8.11% 798.19+307.01% 19.1446.65> 103.84+60.57
TIMER A 0.002 29.18+4.91% 657.57+380.417 20.48+5.75% 124.50+46.52%
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BT AR 2 A AR M R B R R
R AR A ) AR A A AR L R R
HE I TR T T A RE AR R Y SR AL, O i
PEAE A 1 7 R TR S R S T T R R K
O RS OC R I T BRGSO S K
Az B L PR AL, B 7 T RN EORS RSB B TR AR T
SR FAAARET . NTFH SR B TS
UiRE R B 4R S R A TRYT B R TR O Ak
AR A YU B E AR T 2, L
NS N TN E A B AMAL 7 L T4 28
Wi, R AT ST ANE FEDR R 7 B3R
24 BH 25K B BT, REE U S AN IR
I R g IREE o N - NN N S IR
AN BIVE 25 T AT W8 25 & A0 B S8R g 1
BFBH Lk 0 DL FE 3R B AR, A AN AR R R A
Pt TR FEIE AP E DAL

B 25 4 I I 3G N 0T Ak B 45 30 B AR ML RE 1%
WieEil M BLZ S 57 I8 T T R PRESE £ il
WA RAE , RELIATHF LR BN, N\ F
AN B B AR /N RO S R AEMPE R
HAEwE T AR/ DNRMALT Uo7 e, id 12
F1 AL SE B R RE Ty, TR AT A L 55 48 A0 4 .
A 1T A HIE 01 0F 9% e B\ T b B i % 3 1 1 o
/0N T 440 9% b A 4 i S Ok i e DA L BB B B
% 38 1F G 8 AR IBEME R 52 K 1 (GPER)AR# M: bt
9o NPT UA T4 F 28 1 46 22 )5 3l Bk ks B A AL BE %
B0 /N BRAM IR A B2 8 PR B K7 g D T Re
o A 2 T AR O T A AL PR T AR 4R R
FHCR R R A RAT AT i T AN
Jie 3 B 38 1ok 98 YT Sirt6/8% K F B, M 56 I F 2(Nrf2)/
1ML 2T 2 8 A B -1 (HO-1) Fil Sirt6/p53-idt 4 1k ) i 1
B B8 W0 B 32 AR y R30S I -1a(PGC-1a) -TERT
53 B N A T B 8 38 B 1 Y Sirte/ps3
HI Sirt6/4% 1 5% N 7 -k B(NF-xB) i 1% 2% fift 52 AL FLAG
T RELWAET R L2 LA IS5 ST
Ji 4% BLA S 25 D 3 AR .

UL AE AT s B BOE E R R IR A £, o g
RGEM B SHXRZW EY) . o2 FHN
PR IR L BB 7 T R X 0 Bl BN U5 R RE K
RIEIN | E B e M B e R R R P R IE
E BT AR NG 1 ) S B S ol U S R LN
SR BARAR S T b 20 M 2 AL A e T ik
4 3 B A5k A, A S A A0 I 8 A LA S g T
TS G A% O AE o B AL Y 24 Ak T ik B 40 8K

ORI REAR & A T B kA R — AR AR R AR
HE O TN 40 M A9 05 AL B 35 0 2 | it T™ 14
200 R TR A0 R B R R b A
WESE R W], B 5 AF 15 00 1 1 i i 328 W 25 40, o] S
HH 1 B TN 240 50 % 347 0 /0 Y 3 T B R T A
ZAE TN 40k 2 i E 2R, CD4 & Th iy —
PR ic , Th 248 M 68 9% 43 Wb 22 Bl 58 0 IR DA & #5201
it . CD8 I Te iy —Fphric , B A B 4% 58 58 41
FOVE o Bl 2 A1 5 A9 38 4, Te 40 g A% 468 2% JE % 1
WL R RSN E R EZ Y R
i X A0 AR S B0 45 R R, T AN B R EL A R
HAREZ/DRBERSHEN, s T AR =R
/NER T YN EE ), $8 5 T7 TN He 8], AKX T TE 40 g A0
TM 41 JE Eb 1, $8 5 1 T 20 i He 1), B3I Th 40 i e
), $& v 1 Th2 4 8 LE 9], A% T Th 28 Ml L ], $2
f5 1 Treg 4 M Lk 7] , 9% 55 7 Th 1 Tc, Th1 F1 Th2 2
Jifd 22 18] B S 4 . CCK-8 645 1 BoR , AT 4b
e BEHR = T AR /N BRI 94k 2 4 2 G g
P T LR G T fE L I e 25 B R B T AN I
PEAEXT AR 3 & /N R A R R 00 1 9 b R A R
AR

a5 8RR T UM OC . AR I A O M
MM e O PE AR R AR RS B AR O R K
AN SR A 3 38 4 i A 5, T LA 2 A W Ak 2
PG 22 & FBE T KURS (A i, 18 1 R E K OF T
25 A AR A R D0 I EL 38 M B8 1~ 1 JRURS: , o il ok Bt
LG ENE S — AR T b
A& 4 41 it XL ¥ R BT 4% 4 it DL - SF i F 2E 22 2 Ak i
PR A CHEME Y. B AR MY 3 1 IL-18 . IL-2,
IFN-y Il TNF-a %5 {2 R 40 g P 7 32 35 38 >, 1L-4
FIIL-10 45 47T ¢ 40 M P57 0] 8 35 B IR0, 2R E I 4%
KA o AERF LR IE 19 555G T 40 R Y
AR A  IFN-y 1 IL-4 43 3 /E 7 Th1 Fl Th2 1
FEAE 1 20 B R, 3R 28 SF- i A7 8T Thl F Th2 A
i A TN = R (e R L A S R 5 e R NS R 1R N 2
SE( Th1 # Th2 40 o B i & A 84k, Th1/Th2 {5 2 2%
RS -2 78 M R SRS T, B Th Lo T
i, Th2 LR AIR >, 3 5 SO 40 W0 1) 4t TR 2k 2
B ACFAF, 51 A LR 9 IR BT AL, il kT R
AR S B 5E Y Luminex 5256 45 1 8RN F AN IR
PEREAR T A 2R 2/ BUAE R I R gk A0 B
IL-18.1L-2 . IL-12 p70 .IFN-y Fil TNF-a 7K F , 38 i 7t
Y0 R T TL-4 A1 TIL-10 7K F , 895 7 ALK % 5 7K
S AR A BT A BIE 5T & B\ T RN B 4 X D2 FL
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W5 T 1Y I 2P o 2/ BURY R 8 A OC g s R A
(SASP) :IL-18.IL-1a . IL-2 . IL-6 ., IL-10, TNF-« . &
L ¥ 3(CCL3) 40 g 46 % R 1 (GM-CSF) (I
ORI E AN R 4> -1 (ICAM) -1 Fl 4 R 25 11 3 il
(MMP)-9 %5 4f i K #8545 98 95 45 FS 5 [ 9 A1 [
A7 4 TE I\ 40 38 388 o 0 ) TNF-o 53 W, 3855 R
i 38 % NF-xB p65 A 1% 3% 15 DT 80 2 K6 1 40 i o 2
FERALZESE . X BERF 57 25 45 U I\ i
B 2% U035 5 A 5 18 M SR A B R Ok

MR B R BN LR T Z—, WA KRR
NG 0 o T S e o N e R 1 A B v e
o, 33X 26 25 g 708 Ak 2 52 ) DY TS A 8 AN Y D) RE L B
KOlRe BB FEFEAL . A A ple Flp21
J2 20 B AR G B SR O R A e
BB, AR I pl6 A p21 S A 20 i
B o3 Ak, T AN N R 2 AT WE 5T 3R B R Y A 9 A
JH 53 0 1 7K V- 1) SASP, 23 S B H H 2L 88 B N &
b, T 2 T BRI 5 2 Y B 5 A i AE RS
HE 5% 55 DA . ARSI A 5% vh HE 4 (5 45
TR N RN B RS X /0 BRI 1 2 2 B A AR
SEAEER ; % 41 b 7 Real-time PCR 55 55 25
RN TG R REREAR 1 I Hh s 2 A G
pl6 Al p21 i 35, H A W/ 5 05 40 i 5 22 94
X R B\ b B S S BT S AR T AT fE S R b A
JiL 5 A G

ZibE NTANE AR TSR AR EZ /N
Pt FE R AR 8 AW AR e AR AL AT B S
AT e e RS R T HLAR SR RE KO U8R A
LIPS EWANS RN = & £118 Y (SRR G A £ O L9
FwE RS RIEM IR RERE
MR E |, 5 S0F F — 20 76 240 B 5 T R R R ABESY .
T NOE B R RERAE N T ket &%
BB YOG MR ) B 2 — | B B R L im IR
R o i R 2 R T s TR L 7E S AR
P 2 5 AL F 58 0 AR S & it R vp S i
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