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Anti-fatigue effect of Lubian on kidney Yin deficiency and kidney Yang
deficiency mice and mechanism based on PI3K-Akt pathway
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[ Abstract] This study aimed to investigate the anti-fatigue effect and mechanism of Lubian ( Cervi Penis et Testis) on kidney Yin
deficiency and kidney Yang deficiency mice. After one week of adaptive feeding, 88 healthy male Kunming mice were randomly divided
into a blank group, a kidney Yin deficiency model group, a kidney Yin deficiency-Panacis Quinquefolii Radix (PQR) group, kidney
Yin deficiency-Lubian treatment groups, a kidney Yang deficiency model group, a kidney Yang deficiency-Ginseng Radix et Rhizoma
(GR) group, and kidney Yang deficiency-Lubian treatment groups, with eight mice in each group. The kidney Yin deficiency model

and kidney Yang deficiency model were prepared by daily regular oral administration of dexamethasone acetate and hydrocortisone, re-
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spectively, and meanwhile, corresponding drugs were provided. The mice in the blank group received blank reagent. The treatment
lasted 14 days. The exhaustive swimming time was measured 30 min after drug administration on the 14th day. On the 15th day, blood
was collected from eyeballs and the serum was separated to determine the content of lactic acid (LD) , blood urea nitrogen ( BUN) ,
lactate dehydrogenase (LDH), cyclic adenosine monophosphate (¢AMP ), and cyclic guanosine monophosphate (¢GMP). The liver
was dissected to determine the content of liver glycogen and the protein expression of phosphoinositide 3-kinase ( PI3K) and protein ki-
nase B (Akt). Compared with the kidney Yang deficiency model group, the kidney Yang deficiency-Lubian treatment groups showed
increased body weight (P<0.05), relieved symptoms of Yang deficiency, decreased ¢cGMP content ( P<0.01), increased cAMP/
c¢GMP (P<0.01), prolonged exhausted swimming time (P<0.01), reduced LD (P<0.01), elevated BUN content ( P<0.01), in-
creased liver glycogen content ( P<0.01), and increased protein expression of PI3K and Akt in the liver (P<0.05). Compared with
the kidney Yin deficiency model group, the kidney Yin deficiency-Lubian treatment groups showed increased body weight ( P<0.01),
relieved symptoms of Yin deficiency, increased content of cGMP (P<0.01), decreased cAMP/cGMP ( P<0.01) , prolonged exhaus-
ted swimming time (P<0.01), decreased LD (P<0.01), decreased BUN content ( P<0.01), increased liver glycogen content ( P<
0.01), and increased protein expression of PI3K ( P<0.05) and Akt in the liver (P<0.05). To sum up, Lubian can regulate Yin de-
ficiency and Yang deficiency and increase glycogen synthesis by affecting the PI3K-Akt pathway, thereby exerting an anti-fatigue role.
[ Key words| Lubian; anti-fatigue; kidney Yin deficiency; kidney Yang deficiency; glycogen synthesis
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80 H i, FH 0. 5% 1) ¥ W 3 2T 4 28 Ah % 0 il A
LG 2RI, B TR M 2R ( IS A
RN A IS 501210402, 55 1 S S R b ZE K4 0. 75
mg) ; VRS AL O] I FABEFAR A (& N U 24 ) 254
FRA T S 20210717D1) 5 76 7 2060 )7 ks (b 5
R a2 b A R | L5 20008141, 4 50 A S
e 5 WOREAR S TS 3. 33 g) s NS BokL (b
TR R A BRA L S 21006942, B 5w NS
Be T BRI S T A2 2.5 ¢) .

1.3 AR 5EE  MFLER (lactic acid, LD ) 7 &
(it 5 20220411 ) . J® & A ( blood urea nitrogen,
BUN) X7 & (41t 5 20220310) , FLE2 I AL/ ( lactate
dehydrogenase , LDH ) i 7] & (4it*5 20220310) B )i
& (L5 20220416 ) | — bk B 2 15 ( bicincho-
ninic acid, BCA ) & 1 ¥ £ & W L 7 & (4t 5
20220418) . " 5% Ff RIPA (radio immunoprecipitation
assay ) SRR (L5 20220418) ¥ | e 52 A AE )
BHEWFFT T ;71N BT FRBE R IR 17 ( cyclic adenosine
monophosphate, ¢cAMP ) ELISA i 7 & (4t 5
202203) . /Iy Bl 35 ¥R % PR 2 (cyclic guanosine
monophosphatec, ¢cGMP ) ELISA i 7| & (it =
202203 ) ¥ [ LI AR PR A B | 5 Ake Bt
& (15 00107910) \PI3K Hiik (45 10005702) . 1L
PR TP (S 20000487) \ECL &% 52 (4t
520030323 ) 10 FH 200 = A YR A BRA F
1 Tt R T G A0 ) 5% (5 032321211012) I H
PR RAEYHARAGRAF, BRI (S
Epoch2C #Y | 3¢ EA I8 XA BRA ) ) 5 R 5
45 (#1°5 ChemiScope 6000, [ B F Rl #% A R
NCIDIR

1.4 srHS%2 HEERVINER, RBTE 18 ~22
g, T SPF ¥EEHaE MM SR 7 d 5, ¥ Har ok 11
H, A8 H RIS HA (4T 0.5% CMC-Na) ; 5 H1
REA (BEHR b ZE K FA 0.25 mg-kg™") FHPEZG4H (74
WS 1 gkg Y FRARES g-d™") ML
HA1(0.2 g-kg™ A TG 1 g-d™") JEHEH
FIEA1(0. 4 g-kg™ MY TG E 2 g-d™") EHE
BRI (0. 8 gokg ™, HIE TR 4 g-d ™) ;B
FH R 2H (AL T HOAS 25 me-kg™') FATEZGZH( A S 1
g-kg A TGRS g-d7") | REHIMG ) 4
(0.2 g-kg™' A TN 1 g-d™") JEHE R &
(0.4 g-kg™ MY TR 2 g-d™") FEHE S
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A (0.8 gokg™ MY FHANE 4 ¢g-d”") ., KR
4F8:00 #£0.01 mL-g 'EB A, H 1R, 4%
14 d,

FEAREUO SERMENE SR 7 d S, H A 4.00 25
FIZL 25 TS5 280K, B B /)N BRUTE 75 i ZE K b
TEWL(0.25 mg-kg™" ), "B BH 4 /N BRUE B &AL AT 1Y
PAVEIE (25 mg-kg "), 40 Bl 4 B B kg | H A
R ESLER 14 d, TH 14 R4245)5 30 min #1147
FIEFK LR, 5 15 KA G E ik T3\ ik , Ik
B 30 min J5EH,

1.5 /PERAERIKSEE 5 14 K425 30 min J5
AT E KL, /D BRAE 40 emXx55 emX75 cm
UEDK AR e vk , N TR EE /N BROR 55 vk, 7K IR PR 4
(25%1.0)°C /NS 29 MR 1Y 5% RHTEL i
AN IR BSE AR T 5~8 s A H /K ]
WAL 2R G ] R

1.6 [MiETEFR 4A25%6 15 KRR T— R &
liF vk J19832 801,30 min J5 B S0UHEALBE.3h 9 , fii IR ER B
Ifil, #E 2 h,3 000 r-min B.0>15 min, WM, %
B S UL A 7 AR U I 3% LDH LD \BUN ,cAMP |
cGMP /K-,

1.7 FAF4IZUERR AR BREUM S T A ], BN R
JFRER I, 0. 9% S8 Ak B9 W v Uk T 1, 8 4R %
T A GRAFE TR TR A E A7 2 BB
100 mg, FHVK 0. 9% SAAL NI W sk T35, 4R 1,
B S INAGE & h R BE RIPA 24 (% 1 2 1 ¢ 48
T O 0] B R it 410 150 A RIPA S0
A1 10% BT L2151 500, 12 000x g 250 20
min, B FEW, H BCA IR E B A& &, RHEA
G PE EIE 5 ( Western blot ) A6 IF 41 40 Akt PI3K
HHMRIEKFE,

2 4

2.1 JEEHEXTE BH R B BT /N B — MR O B AR BT
sgm 528 FRALAE L B T A R 4 /)N B e K
IRIEIN MR B A I SN 5 R SR
B PH R A TR 2 /N B BT B kK 2O R
% FUPBAEREIR 55 PHEE B D A B A E R
2 NS JEMIRE A — e R L s/ NEURAS .

IRy 14 K/ N &, 555 A Mt
' PH 2 AR 78 21 A o o 3 R R (P<0. 01) 55 5 BH
R 20 A B, R ARG 59 o 4 A = B 3 (P <
0.05) , NS 4R i i WA B 22 K RG24 &
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SC 528 FHALAR L, B R 20 2 4 Jo EE%?WZ 10007 an 20
(P<0.01) ; 5% B HE BLALHILE , T S REWEI s
MRt AR 05 U (0.0, | e I
L 2 o 7 I 0EL 22 52 6 125 2 3, T : I
" E 400
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50 — 0- —
40 - AN AN AN A M ‘2&%‘:‘? ‘jj%f@ ¢ Q&VQ@\ Q&‘b
R ’.‘If S S . - - . =
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‘i’ . (x+s,n=8)
Fig. 2 Effect of Lubian on exhausted swimming time of mice
10+ H H with kidney Yang deficiency and kidney Yin deficiency (x+s,
0 : | : 1E : n=8)
MRS «zﬁ“&"@d% ST
J

K. 75 120 RM. 5 B 2 ; HML ' BH R 45 HRS. B B A S B 24
1 RXYS. B 0 P 7 2 BH P 25 205 RLL. ' I90 B 000 ) ek 441
RLM. ' [ i RE ¥ 1o 780 b 41 s RLH. 1 73 86 0 v 590 & 41 L. ' BRI
SR AU e 2 5 HLML 'EF B Rl FE B v 5700 e 20 5 HILHL. B H i R 0 v 59
AL 52 AT P<0.05, ™ P<0.01; 54 [ S P<
0.05,%%P<0.01 (& 2.3[[),

P 1 XS B BERE B R/ BUPA B A P SR (x5, n=8)
Fig. 1  Effect of Lubian on body weight of mice with kidney
Yang deficiency and kidney Yin deficiency(x+s,n=28)

2.2 JEEHEXTE BH R B IR /0N BR T v i DK R ] ) 5
el 52 AL, B THE B B AR A 2 /N B v
YUK IS (8] 2 2 R AR (P <0. 01) 5 5 5 BH R A5 8 2 A
L, NS0T i 214 /0N BT 8 e Uk B[] ( P< 0. 05)
JEEREAVR o) o T S 3 0 BH R /S B 7 B i Uk B
[ (P<0.01) ; 55 BB R AH L, VEEES ] 3
K0 /N B s i UK B ] (P<0. 01) |, REMEAIG , vl
AT k2 1B B R AR A 0N B T B i K ] (P <
0.01), ULIK 2,
2.3 MR BH A BB R )N BRI A T R K
PRI 528 LA A L, B BH R B B 41 /)N BRI v
cGMP % . & THE (P<0.01) , cAMP/cGMP F{H
ﬁ%?[ﬁ%(ko.on s HE B BAIA AL, ASH
FEAGINTE cCMP & imfas HESTHEIEE X,
L AN == A T 1= R s o i VA N W 1R
¢cGMP &8 (P<0.01) , B EHH cAMP/cGMP H{H
(P<0.01) , L% 1,
HAREFAM I, B A A4 /N R0 cAMP

R REHEE R RO P T RRK PSR (xks ,n=8)
Table 1
mice with kidney Yang deficiency(x+s,n=8)

Effect of Lubian on serum cyclic nucleotide level in

275 il E_] cAMP L cGMP . cAMP/cGMP
/g kg /pmol - mL /pmol - mL

2 - 8.73+0.45  9.21+0.38  0.95+0.07
B B A AR - 8.72+0.51 11.41+1.00” 0.780.11%

A& 1 8.62+0.88 10.69+0.59  0.81x0.08
JEHE 0.2 8.56+0.53  9.00+0.40" 0.98+0. 13¥
0.4 8.56+0.82  9.13+0.54" 0.94x0. 129

0.8 8.91+0.93 10.56x1.11  0.85+0. 13

F. 5 AA KD P<0.05,2 P<0.01; 5B H KD P<
0.05,Y P<0.01(F2~4[F),

B ETE (P<0.05) , cGMP & i AR (P<
0.01) ,cAMP/cGMP {8 75 (P<0.01) 5 55
FF) R A TR 2H A L, G 9 2 R R i ] 0 N B
M cGMP % (P<0.01) , & E &K cAMP/cGMP
oAl (P<0.01) , W55 2,

2 FEHEXSE IR /N BRI PR A RR KT RS2 (xts,
n=8)
Table 2  Effect of Lubian on serum cyclic nucleotide level in
mice with kidney Yin deficiency(x+s,n=8)

FlHE cAMP cGMP

2051 Jake pmoleml-/pmol-ml cAMP/cGMP
= H - 8.73+0.45  9.21£0.38  0.950.07
EF B i AR N 9.66+0. 54" 7.61x0.92% 1.17x0. 15%
[Pz 1 9.27+0.87  9.46+1.29"  0.97+0.09*
e 0.2 10.79£0.77 10.62+0.53% 0.98+0.11%

0.4 9.75:0.74 10.26+0.74% 0.98+0.11Y
0.8 9.27+0.33  9.83x0.51Y 0.98+0.06"
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2.4 JEEHINTE PH R BRI BR B s Y SE e

Las A EL, B B A AL A /N B LDH 3% 4 5 35 1%
R (P<0.05) ; 5'& FHEA A ] L, NS0T L 33
J/NEL LDH 3P (P<0.01) A% | H 3]k At JBE # 44 ]

F 3 MDA BN R B G R (s ,n=8)

B /N LDH {6 78, (H 22 5 Jogeit o 550 5 B E
BRI LE , REHE b 0] ) DL 2 49 /I B LDH %
PE(P<0.05) , P4 S S HC A 0] £ T P 38 Jon/0 Bl
LDH {1, (H2E RGeS, W3 3 4,

Table 3  Effect of Lubian on substance metabolism in mice with kidney Yang deficiency(x+s,n=8)

251 FHE/g kg™ LDH/U-L™! LD/mmol - L' BUN/mmol - L' SR/ mg- g
2 - 25 176.25+2 085. 37 10.20+1. 03 15.84x1.52 8.81x0.73
' BH HE A5 - 23 116. 88+2 370.42 13. 660. 85 14.16£0. 797 7.77£0. 53"
A% 1 28 668. 83+2 535.20% 9.19+1.31¥ 19. 16+1. 09 8.92+1.37%
JEE 0.2 24 464.29+4 355. 67 13.15+2. 62 14.51+1.20 9. 04x0. 73%

0.4 24 383. 125 804. 54 11.51+1. 56" 16.09=1. 06" 8.55+0. 56
0.8 22 629. 87+3 483.23 17.30+2. 88" 16. 76+1. 36" 8.40+0. 45

F4 REHOE BTN A B B R0 (s ,n=8)

Table 4 Effect of Lubian on substance metabolism in mice with kidney Yin deficiency(x+s,n=8)

4151 Fi/ g kg LDH/U-L™! LD/mmol - L' BUN/mmol - L.”" JIFA R/ mg- g

2 H - 25 176.25+2 085. 37 10. 20+1. 03 15.8421.52 8.810.73
B B AR - 19 305. 65+5 068. 03" 11.94x1. 09" 17. 64+0. 98% 7.87+0.52"
PirEs 1 23 051.95+2 659. 74 9.38+1.59Y 15.21%1.57Y 10.39x1. 26"

REHE 0.2 20 129. 87+3 331. 36 10. 62+1. 64 15. 11=1. 329 8.3520. 57
0.4 23 084. 413 686.21° 8. 88+0. 83 14. 40+0. 729 9.00+0. 74Y

0.8 20 503. 25+4 780. 53 10. 89+1. 75 16.80+1. 10 8.57+0. 51

525 IR EL B T 6 2 B BH 4 /N Bl i LD
W E TR (P<0.05,P<0.01) ;5 FHE A 4]
FAEE , NS B Jie v 70 o 4 /0 BRUALYS LD 35 1 i 3
FEAIR(P<0.01) ; 55 BA A AL AR LE, PE iS40
REHE b 7] S 4]/ By LD & 2 B EFRAR (P <
0.01), W% 3 4,

525 TAUA B, B BH AR /N BRI 7 BUN &7
HIE AL (P<0.01), B B M8 AL 4 /s B i i
BUN & 12 2 7 (P<0.01) ; 5 5 BH 5 51 45 AH
Ho, NS R e rh | = 30 i 41/ ULV BUN & &
WETHE (P<0.01) ; 55 PR AIHAHLL, PiVES
21 K SRR R R 2/ N BRI T BUN B i3 i B
R (P<0.01) , W3 3 4,

s AR, B B0 PR AR ZH /S U
JE i i FRAR (P<0.05) ; 55 BH A BRI 4L A HE
NS 2] B Ji AR ) 2 2 /) BT D o S 5 3
(P<0.01) ;5B PR AR AT A He , 75 7 2 20 % i i
rhR) /0N BT B i e E (P <0.01) , I
3.4,

2.5 JEHEXTE BH R B BH R S BUTPRE IR A iR 5G4
PRIGEEI 525 (AU H B BE e AE 0 2 /N BT
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PI3K Akt I #iA B E FFE(P<0.05,P<0.01) ;5
' B AR AR ZE A EL, N S R ) 2 AT DL
HEMUFIE PI3K | Akt 2R 3K (P<0.05) ; 5 A4
FHLE, B BRI AYZH /N BRFFAE PI3K Akt 25 158 0
FRFE(P<0.05,P<0.01) ;55 B A R 20 AH 1
VOISR MR | v 70 o 22 ] 0 3 388 fin JHEIE PIBKC
Akt FEHFIE(P<0.05) , WK 3,
3 e

“BH R R BE R D ZE  BRAC B9 R I LA S
PORE W =R SY R BEE el G
FE IEAF IR K ORISR S BB ARG
HER™ cAMP 5 cGMP 1 4y 20 M 8 42 1 28 — A5 1,
“HEMEAEIIS S T RE A TE T, W% B BE AR &
S S EN IR o L RE SR P i {1
PORRIHLIARES T & B B AR, 72 0S5 b
R T RAFMFEAEAE T, SC7E AR 52 56 v R A8 1E
PUARZESIRAS ) Gk T A 2 /) BURE IR JE AR 15
AR RIS bR, LG 3 T B s 0 R4l
T AFIER , 7625 T REME S ] B 8 ol | BRI B
JNEL cGMP &, FFE cAMP/cGMP L1H , 5iR#h 24
ANSAEHESEA , M FERAA /N UE R FEA ST &
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3 JEEHIEXT P B RE B R/ BRUBTIIE PI3K Akt 3 R IK BRI (245 ,n=3)
Fig.3 Effect of Lubian on expression of PI3K and Akt proteins in the liver of mice with kidney Yang deficiency and kidney Yin defi-

ciency(x+s,n=3)

ARS8 5, Hh BB s A 22 KA 45 /IME
RHESERER , WAE 45 T FE $E 5 vT BH I 256 H: BH R e
R BEIE B /N UMY cGMP % &, FEAIK cAMP/
cGMP WA, 525 P9I S48 R A ) vl Dl
OGS 1) R R PH R /N BRI A — o B E T, B
AR 3E AR R SR 2 ARAE 5 (4 B2 5
S IR AR ], RERIEAE Sy — P 22 Bl 2B
3R R 2 HOAS R VR R T B L FH AN
LIRS 1 2 VR FH v] BB A7 75 4 25 Sk, i =57
A L) o ] g £ 14 AS [ 20 4 a0 A 2 4R 20 P 5T Bt
AR 5341 53 5 25 A B I 25 AN AR ]

FEUR, Sy ik SE R 45 A I | R M E 2% i kit
FF R B BH R /DS BRUBH | S Rt 7 ] %o e
INRIR T — e Ve R U o5 VEA . 9%
77 A SHLRRR IR BT AEE G~ P HERR
BFEAL, AMEREAERE RN GRE
W, REMERE S S LAY B A ZE ALR A AR
Yy — B4 TG A WA A i LIRS R (A Rl
AR Z A AU P 0 R AR — D7 T R AL
WA RNARTE ST, BRI iZ BhBe ), 53— 7 I8
IR TRAL S R LA PR WL LR ) Pl = A
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