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Effect of Cordyceps militaris extract on CYP19/CaM/CaMK Il signaling
in testes of kidney yang deficiency model rats
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[ Abstract]  Objective To clarify the efficacy and potential mechanism of Cordyceps militaris extract to nourish
kidney yang. Methods SD rats were divided into normal, model, testicular tablet (0.216 g/kg) , and Cordyceps militaris
extract high, medium, and low dose groups (0.72, 0.36 and 0. 18 g/kg, respectively) with 10 per group. Except for the
normal group, all other groups were administered adenine (200 mg/kg) by gavage to establish a kidney yang deficiency rat
model. Test drug administration was started on day 15 of model establishment for 28 consecutive days. ELISA were used to
measure rat serum gonadotropin releasing hormone ( GnRH) , luteinizing hormone (LH), testosterone (T) and estradiol
(E2) levels. HE staining was used to observe the morphology of kidneys, testes, epididymis, and seminal vesicle glands.
Immunohistochemistry and Western blot were used to detect CYP19, CaM and CaMK I expression in testes. CYP19
mRNA expression was detected in testes by RT-qPCR. Results Compared with the normal group, serum GnRH, LH and

T levels of the model group were significantly reduced (P<0.05), kidney, testis, epididymis and seminal vesicle gland
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tissues were all significantly damaged, and CYP19 expression in testes was reduced (P<0.01). CaMKII expression was

increased significantly (P<0.01). CYP19 mRNA expression was decreased significantly ( P<0.01). Compared with the

model group, GnRH, LH and T contents in the high-dose Cordyceps militaris extract group were increased (P<0.05),

tissue damage was relieved, CYP19 expression in testis was increased (P<0.05), CaM and CaMK Il were decreased ( P<

0.05), and the CYP19 mRNA level was increased (P<0.05). Conclusions Cordyceps militaris extract exerts a kidney

yang effect by regulating CYP19/CaM/CaMK Il signaling.
[ Keywords)

Cordyceps militaris; kidney yang deficiency; extract; testis; CYP19

Conflicts of Interest: The authors declare no conflict of interest.

' FH R A I R B A B UL AR 22— |l TR
AR AE2E 5 AR E SR RTEE A
W, DA RIR K R TRV DRI 22 W P 55 B |
PERRIR IR 55 O 32 BERFAE ™ H 5 e Y AR TR T
i, AR X B — SRR AT IRYTY  AATERIVE I 2 |
WRHE O 1 B A5 24 52 T A e i, T IR 2 ST R
T FHIEIRTG , RS R G0 R 35 HILAA B BH R A OCHE AR,
FPROMARR | N RIR 7 Wy v I D £ 4 A 238 )+ B BE 7
it , K B B I R A R T i

B B N AL b A& O R G R O A R
BB R A, 2 TR S WAL R A A, H
PESFIRH, BAT Rl £ B 1k AR A 22 8 i T
R PR 2 IR Y A 0 R A T P A A
A MR HURR | S RS R 2 B Y
W) U e PUME BUEL R R METhRE
TRAPSEAVE T, PR & e 5 R B 2L 3% P4 i o
5l RS TR, BEAK A3 R84 1 il B <0 Mg I S 57 25
AR, AN, HL R S TR AR AR X
%, AR © 3 W 1y 4 U B g AR, 1
2, BARSR T R ME T SR, H G F i
TR ST D | L RE A el B B R AR K LAY
B FH IR AHSCHL I e, i A A AH SC il , 75 22
iE—2 B A IR T A TR AT

F7 B ALREEN CYP19 JE4 (A3 P450 2 [
GRS O, T T P AR 2 R G S
B OSIEATH RGN AL, PR EW], CYPL9
REA% 38 1 P45 T U5 5 S 05 75 1L P450arom ik
5 RS Tk S TR 5 A iy R 3R, 2 TR R 1A
PN S ) OC B il 0 B St 55T e Al — e A — 1 iR
( hypothalamic-pituitary-gonadal axis, HPG ) Sl LI fE %
PIRHIET 0 30 2 /85 8 2 1 A 1) 2 1 D
I ( calmodulin/ calmodulin kinase I , CaM/CaMK II )
& CYP19 WAER MR, BERS IR 1Y HPG I fE,
5 52 [0 T 40 L 1) 52 A M DDA O AR AT
U037 B B R K BRSSP e 5 o A4 o
CYP19 #y# ik, BEMI M H] CaM/CaMK I 3% , M i

P HPG %l & 4N B FH IS0 VR FHALER . i HIL
FIIE SR B R B CYP19/CaM/CaMK I {5 54+ &
TR EES I R A R A5 B g e R 1) T R S T A
BIL o A i R F) T 2 07 P A T P S 9

1 #FRFnFiE

1.1 Y

SD K ERL 60 H, Bk, SPF 9% ,7 JAi , /45 200~
220 g, Mg 0w 3 3k S SR SE g Sh W A R A
[ SCXK () 2019-0004 ], i & & #& iE =
(430727201101573875) , 1Al 3% T 1w H = 24 K27 5K
Kzl ¥y e [ SYXK (1) 2019-0009 | . 3y 1] 57 &
TREE (22+2)°C, M (60+5) %, 12 h WK 28 %5, &
NEPERRSE 3 d JE IR SCE, SEER R B IAT G LR B
Py 3R TR, 28 ) F v R 25 R 2R S S R B
23 #5304 ( LLBH-202009140001) .
1.2 FERKFSMNE

Wi R R R R R A A TR B R R R
B A OBy R F 10 A% 7K R 9 30 min, $EHCM YK, £
—¥R 100°C 12 120 min, $EBCGRE T 200 H i, 24
AkLEn/KIZ 3 60 min J5 i 200 B, &I 8w, T
60 ~80°C il Vi 45 = AH X 25 B 1. 18 ~ 1. 25, % R T
M 48 h A L REEE Y s SEAL R e VPG AR 2 1
By A RS AR 77 B 255 H36022006, 4= 774t 5
20200103, ¥k .36 F (& H 0.2 ¢) , NFFIR R 2. 4
g/d; BREE WS (db et R E R A A, #t5.
20200514 ) ; K FUEPE BRI R B0 £ ( gonadotropin-
releasing hormone, GnRH) | WA R E ('luteinizing
hormone, LH) . 22 [ ( testosterone, T) . Mff — Fi
(estradiol, E2) ELISA i) & (VLI E AR A
A, 5 . FY3396-A . FY3676-A . FY3452-A  FY3450-
A);CYP19 CaM ,CaMK II —4¢ ( ¥ [ Abcam 23],
1t . ab106168 . ab134901 , ab134041 ) ; B-tubulin —
BT (3 H Proteintech 22 F] , it 5 ; 10094-1-AP ) ; BCA
FEAERILH & RIPA 20 212 RNA 2 UK
(R FRLE R AR A W] b5 62026, G2002



o e PR 2R 2R 2023 4E 1 HAE 33 %55 13 Chin J Comp Med, January 2023, Vol. 33,No. 1 3

G3013) ; DAB {5 & 2t & PCR 7 & (2K
A YA E S AR1022 \MK1613) .

ME204 RT3 53 2Z — K& %5 K-8 A B 1 4 R )
oM £ /3 7] OML-QPA R A=y 2301 AL A 3t
KR 9E SRR A 7 NP-B1 B4 [ B A= 4l LA AL
NP-P3 RIZH ZIEE AL A 228 s R A
) ;NanoDrop One # il & 73 J6OGEE T \ MK3 4 g
ShGEFRA W B 35 E Thermo /Aﬁl;Primo Star Bl Y65~
IR F FE [ Zeiss 23 Fl 5 Gel Doc XR*HUHEE I A%,
G5BT CFX 2t i PCR A A 3£ [ Bio-
Rad A#] .

1.3 XWHE
1.3.1 b

HRAE sh P RN 60 HIK UL 1 H 41 A
TRUZH W H R B ) R R R A R R R O P
O A R R A LA 4L, R 10
Ho BRIEF 4o, H 4 4 ¥ R R EE % (200 mg/
kg) VE B M 7 3k B N7 B BH R BB Y 5 4
42 d, IEH A S S RBUZE K, ISR 15 K
TR 4 T 5202, WK 25 2 B 9 O 2 (5 3
DL PN N R TR A€ SNy N WA
Eraat koY F I RN (1 s S 2o e |
0.72.0.36.0.18 g/kg (IFREZERL 2.1.0.5 55
), SEAUR AR S 4 T AR KIS, R N
0.216 g/kg (IIRSERGA ) |, IFH 4 FIA R 4 45 7
SERFRZEIR K BE B R 10 ml/kg, B R A 2
1R, S 28 d, RIRG 2, Kol K SRR D Re+s
B, S8 UG RV B, B9 TR I8 1k, U 23 IR 3 sh ikt AT
KL, i BSOS L B S AR, T
Z—AEE K RE T 4% 2 R PR, H
H SR AL VA T S L AU e i, T4
FAEW) AL 0 52 A 2V E TR R TR R AT
1.3.2  F8hsKE

(1) —fBFatringg

MRS AR RAT MRS B A —F RKIR
B HORHEINE SF G O, R, A AR, IR BT
#6(80 emx80 cmx40 cm) PEHT S A A 323 3 1
B, R S K43k 25 ATk, S A e
A, A HE30 30 s JRi0 5% 4 min P7KFEEE A% 5L
T 3 T ST R A

(2) WEdnta 2L

BHR D EE T I3 22— KR LR E,
AR TE AL = MR i (mg) /A H (g) o

(3)ELISA S:46

KL B I BB 1 h, 3000 ©/min 5.0 15

/;

min, EVEW, S MEFEAS, R ELISA {57 &
K BRI GnRH \LH T E2 K AT F ™ 4%
PR G U B i T, AR e &t R A A
FEACR BB &

(4)HE Y3,

HAFTE G, A, DL S wm J5 B 4 48
YIR BB EE QB K R I KR i, SR FH IR ARG
PRk AT gt 58 R U0 R [, A s
A, WA T AT BUR RS, AR &4 R UL 22
HU BFFSE RS IR B A5 0 F EA T HA IR BT

(5) P by

7S 4y [ /e B 52 AL 4, A s 3, bl A B
K IR AKAR e, LA a3 T 37°C B 30
min , F 10 0 —PU AT R, R R B 5 19—
A°CHEE I ; Yk H SR PBS 28 i v i ¥l H 3 1Kk,
S BE SRR F R 10 min 5 H - HU4KEE%F 15 min;
e 3 I, DAB B 8 5 min 5 IR AR & 42
15 s, K, B, B R, T80 T kBN 1T
148, % H Image J #E534T B 98 H IR0 6% B
(10D)fE,

(6) Western blot 32546

PIH 100 mg S2ALH 2, A 1 mL 2H L%
VKBTS A3 B0 B T R, R R R
5 2 1 B = L B e i S e = - 2T ey e
ke, EAEREN 50 pg,80 V IEEHLYK, FEE | i 13
Ky BT 2 b, A U6 AR RS i —Pt ,4°CFF i
o W HF TBST PR 4547 3 K, BHIK 15 min, Il
ARSI E 4 h, YER R 3 K, IR A B
W50 B TR R AT 55 . N Tmage J 4K
PEor BT 45 IR BE AR, B W8 A R A X ik &2 B 1Y
A IR BEE R LA 285 1 ( B-tubulin) JKEE(E

(7) RT-qPCR 25

VI 100 mg S22 AL 2, #2 i RNA 2 BGAF] &
VLT F HEHUZH 21 RNA, L mRNA R4, A1) 3%
B SRR RNA 54 5% % ¢cDNA |, LA cDNA iR
AT PCR 734, WK R K .95°C 10 min TAE M,
95°C 15 s A1, 60°C .30 s 1B K FEAH 40 NG,
K2 i 27257 3 (Liva ¥5) iRIE N2 3L K GAPDH
FIZEIR M H B3 mRNA B9 AKFE, 519
IR IR A F A %, Hop CYP19 519751 (NM_
017085.2): I % 5’ -GCTGGACACTTCTAACAC
GCTCTT-3’, F ¥ 5’ -CTCCTTTGTCAGGTCTCC
ACGT-3" , Fr B J& 298 bp; GAPDH 5[ ¥ %1 (NM_
017008.4 ). I %% 5 ’-CTGGAGAAACCTGCCAA
GTATG-3" , Fiif 5’ -GGTGGAAGAATGGGAGTTGCT-



4 R E P PR 2R 26 s 2023 4F 1 HA5 33 4855 1 Chin J Comp Med, January 2023, Vol. 33,No. 1

37, BB 138 bp,
1.4 ZitFEHE

K SPSS 19. 0 B A AT 8E A . AW 5T
YRR SA LUAE B bR 22 (x 25 ) R SRR R
J7 25707, Z2 8 Wi Oy 22 55 0 LSD ke ge i, %
AFFHS ] Tambane’ s T #5672, P<0. 05 A E 54 i
FE

2 #R

2.1 SFHRERE TR X R — AR tRRI I
EHH R BRAT MG 8 ORI & IER , AWM
W EREK, B, B T4, KA
T BRI R ERAME T 98, HORk B W, O 7
AL AR IR AR (P<0.01) , [ F 15 sh kB W 22 08
> (P<0.01) 5 B MR $ B 21 K BRAT R 36 s 4 0E
W, RS, OB, AR B — R, R AR
W, BRI AR TR (P<0.05) , A % sk
HIn(P<0.05), W1,
2.2 SEAREREUXT R K RAF SR IS A RN
S5IEH AUR e, B 2] B DR S 5k, 22 L
B E G (P<0.01) HEHEBRTE BRI (P<0.01) 5
SR LR B i R R R ) S S
EAARBF IR (P<0. 05) K FERRAEBOE I (P<

0.05) , [F]RT, r 751 i 4 541G 50) o 4 5 0 s 2003 J 2%
FEAK (P<0.05), W32,
2.3 EHERINYITEE KR MERFKEN
=40

5IEH 4UM He, B4 L3 GnRH L LH | T &
¥R ERRAR(P<0.01) ,E2 & &0 20 ik, Shim
SRR L, 0 R AR IO R R A GnRHLLHL T % &
PIFHEI (P<0.05) , SE A0 A4 52 7 & e & T
(P<0.01), W73,
2.4 WHERENYNERNXRALREELSH
2

IEH 4K BV A2V AN BRI RN, 5 B
BT, A W 1] 98 P 410 M ) =2 00 5 S8 AL AR R /N A L i
SERE HLJE L Py Al DL HES 38 5 B0% A5 6 1E W
() A A A S SRR A L, A A /N A8 T P AT LK
K 5 B 5245 s 45 H) T AT, 5 R 40 L 91) 5 8 9 5
ERERCIEL N S R L s N AV 2 B RO R R
AR R, NS o W ORE RS 7 R
W2 BRI B /N ER (AR K, SE GBI e 4k | 38
BRI, P R R T 0 IR o KRR AT
UL S g R R R A S 0 45 o R AR SR LA R /N
JIEEAR b, SR B PR A RS A B HE 51 25 AL, B b AR
TN DN R) BRE RS, R T s 5 B SR 45 i

R IR XA SR A S A S S B RN (n=10)

Table 1 Effects of Cordyceps militaris extract on body weight, body temperature and the number of voluntary activities

in model rats

il Fh (g/ke) K (g) PRI (C) A EWESIRE(R)
Groups Dose Weight Body temperature Number of activities
TEH# 21 Normal group / 444.21+22.92 37.63+0. 14 67.56+26. 80
HEAIZH Model group / 309.55+27.11° 37.33+0.20™ 36.22+11.69 ™
ST Testicular tablet group 0.216 334.29+12.93" 37.46=0. 18 54.57+20. 16"
A 0.720 347.57+21. 18" 37.53=0.21" 62.57+37. 32
U R B A ‘
e 0. 360 338.18+32. 85 37.40+0. 27 45.32+15.24
Cordyceps militaris extract group
0. 180 328.01+26.29 37.42+0. 17 39.33x11.05
L HIERAUALL, “P<0.01; 5B, *P<0.05, #P<0.01,
Note. Compared with the normal group, **P<0.01. Compared with the model group, *P<0.05, #P<0.01.
F2 MG AR RRRLR LIS R B0 (me/g, n=10)
Table 2 Effects of Cordyceps militaris extract on the organ index of model rats
415 i (g/ke) A £ SEAERL Wil S5 UiE 3SR
Groups Dose Kidney index Testis index Epididymal index Seminal vesicle index
1E%H 40 Normal group / 6.62+0. 55 8. 14+0. 68 2.89+0. 25 3.12+0.55
BEAIL] Model group / 35.22+4.26™ 9.84+0.59 ™ 2.980.29 1.81+0.83™
2L H 4 Testicular tablet group 0.216 26.54+4. 91" 9.19+0. 77* 3.10+0. 35 2.54+0. 65*
. 0.720 24.99+3. 94" 9. 18+0. 63" 3.07+0.35 2. 68+0. 68"
Ui AT S I #
e 0. 360 27.95+5.75 9.27+0.91 3. 14+0. 31 2.42+0.51
Cordyceps militaris extract group
0. 180 29.76+5.71* 9.28+0. 49 3.23+0.32 2.02+0.72

S IER AL, ™ P<0.01; BB, *P<0.05, ¥P<0.01,
Note. Compared with the normal group, ™ P<0.01. Compared with the model group, *P<0.05, *P<0.01.
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Table 3 Effects of Cordyceps militaris extract on serum factors in model rats

ikl A (g/ke)

GnRH(mIU/mL) LH(mIU/mL) T(pg/mL) E2(pg/mL)
Groups Dose

IE# 41 Normal group / 70. 62+5.78 27.57+2.36 40. 14+6. 48 50.30+8. 67
HEHIZH Model group / 53.54£4. 12 23.21+2.85" 28.08+2. 44 61.41+10.20

2 IUH 4 Testicular tablet group 0.216 61.14+10. 19 24.83+2. 51 36. 18+4. 20" 57.69+3. 07

0.720 67.20+5. 41% 26.42+1. 137 32.55+4. 46" 51.73+8. 81

i )
EEE%W% 0. 360 59.79+7.24 24.64+5.89 29.33+2.20 54.85+7.30
Cordyceps militaris extract group
0. 180 53.74+9.28 23.56+3. 40 28.46+5. 16 53.67+9.13

TSI, © P<0.05, "P<0.01; SHEMLIH I, *P<0.05, *P<0.01,
Note. Compared with the normal group, *P<0.05, **P<0.01. Compared with the model group, *P<0.05, *P<0.01.

J G o gl SR el ot 3
JD*\' 5

PSR BN G

2H

Testis

i 22
Epididymis

L
Seminal
vesicles

TE: A IER 2L B AR C o SEU 45 D« M B B BRI 5 ) B 5 o 0 o B SOy v 50 i 2 5 F 0 e B S OIS e 4

1 B R BRI XA R A S UR S /Y520 (HE B ()
Note. A, Normal group. B, Model group. C, Testicular tablet group. D, Cordyceps militaris extract high-dose group. E, Cordyceps militaris extract
medium-dose group. F. Cordyceps militaris extract low-dose group.

Figure 1 Effects of Cordyceps militaris extract on the tissue morphology of model rats (HE staining)
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Note. A, Normal group. B, Model group. C, Testicular tablet group. D, Cordyceps militaris extract high-dose group. E, Cordyceps militaris
extract medium-dose group. F. Cordyceps militaris extract low-dose group.

Figure 2 The positive expression of CYP19, CaM and CaMK I in testis of rats in each group (immunohistochemistry)

®4 IR RS AL CYP19 CaM  CaMK I FEDEE FEE A (n=4)
Table 4 Effects of Cordyceps militaris extract on the average optical density of CYP19, CaM and CaMK Il in the testis of model rats

23 Groups 55 (g/kg) Dose CYP19 CaM CaMK Il

1EH# 40 Normal group / 0. 268+0. 049 0. 099+0. 012 0. 165+0. 017
FEHIZH Model group / 0. 198+0.019 * 0. 208+0. 060 ** 0.252+0. 023
2L H 4 Testicular tablet group 0.216 0.222+0. 007* 0. 147+0. 029* 0. 183+0.011*
P 0. 720 0.241+0. 015™ 0. 130+0. 011* 0.200+0. 021*

o 0. 360 0.233+0. 023" 0. 135+0. 023" 0.222+0. 031

Cordyceps militaris extract group
0. 180 0.219+0. 015 0. 161+0. 030 0.228+0. 051

L SIERAME, * P<0.01; SEELIHILL, *P<0.05, ¥ P<0.01,
Note. Compared with the normal group, ™ P<0.01. Compared with the model group, *P<0.05, *P<0.01.

F5 MR EARIBCY AR R B S CYP19  CaM | CaMK T 32359540 (n=4)

Table 5 Effects of Cordyceps militaris extract on the expression of CYP19, CaM and CaMK I in the testis of model rats

2% Groups 5+ (g/kg) Dose CYP19 CaM CaMK II

1E# 20 Normal group / 0. 572+0. 096 0. 132+0. 067 0.2130. 031
fRE44] Model group / 0.256+0. 074 ™ 0.3300. 053 ** 0. 5420, 057 **
2L H 4 Testicular tablet group 0.216 0.455+0. 114* 0.220+0. 027% 0.2610. 032"
. 0.720 0.5920. 103" 0.198+0. 051" 0.278+0. 045"

i B4R I ) R R
S 0. 360 0. 487+0. 095 0.294+0. 068 0.33720. 068
Cordyceps militaris extract group
0. 180 0. 415£0. 080 0. 286+0. 033 0. 352£0. 057

L SIEWAME, “P<0.01; SHRBAML, FP<0.05, ¥P<0.01,

Note. Compared with the normal group, “*P<0.01. Compared with the model group, *P<0.05, *P<0.01.

CYPIo S — S - — 55 kDa

CaM - D e e a— |7 KDa

CaMK II = = o = = o m— 50 KDa

B-tubulin S S—_—— ;S D
A B C D E F

TE:ACIER A B BRI A C Sy 205 D W L 4 Iy o 1)
25 B U BRSO ) e 2 F 0 R R O AR e 2

B3 SKEEEIL CYP19 CaM CaMK I ALK ]
Note. A, Normal group. B, Model group. C, Testicular tablet group. D,
Cordyceps militaris extract high-dose group. E, Cordyceps militaris extract
medium-dose group. F. Cordyceps militaris extract low-dose group.

Figure 3 Electrophoresis of CYP19, CaM and CaMK II

proteins in testis of rats in each group

R 6 MR B AR L S
CYP19 mRNA FiXFM (n=4)
Table 6 Effects of Cordyceps militaris extract on the
expression of CYP19 mRNA in the testis of model rats

25 & (g/k
o M
1EH 2 Normal group / 1. 000£0. 048
FEFIZH Model group / 0. 466+0. 105 **
2 4
TesticjaathaH_bli group 0.216 0.7730. 141"
U U R ) 0.720 0. 827+0. 307"
Cordyceps militaris 0. 360 0.739+0. 131
extract group 0. 180 0. 530+0. 161

T SIERHAMLL, “P<0.01; SHIAIL, *P<0.05,
Note. Compared with the normal group, ™ P<0.01. Compared with the
model group, *P<0. 05.
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