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Abstract

Background: Resilience refers to individual’s capability of rapid adaptation and recovery of
function in the face of adversity and stress and is protective to many diseases. However, the
underlying mechanism is not yet clear. The potential benefits of angiotensin-converting enzyme
2/Angiotensin(1-7) [ACE2/Ang(1-7)] axis has been demonstrated in cardiovascular protection, anti-
anxiety and neuroprotection. To our best knowledge, there is no study regarding the association
between resilience and ACE2/Ang(1-7) axis activity yet. As ACE2 is the SARS-CoV-2 virus

entering site, investigations of ACE2/Ang(1-7) regulation are crucial during the pandemic.

Objective: Using the learned helplessness (LH) model to select resilient rats, we aimed to explore

the difference of ACE2/Ang(1-7) axis activity between resilient and non-resilient (non-R) rats.
Hypothesis: Resilient rats have higher ACE2/Ang(1-7) axis activity than non-resilient rats.

Results: Resilient rats showed similar corticosterone (CORT) levels with controls. Ang(1-7) levels
in resilient rat were significantly higher than non-R rats and controls, which suggested the
association between Ang(1-7) and resilience. Using Ang(1-7)/Angiotensin II (Ang II) ratio as a
marker to reflect ACE2 functionality in producing Ang(1-7), both ACE2 levels and functionality of
resilient rats positively correlated with electric shocking duration, suggesting ACE2 activity in
resilient rats could be up-regulated in response to stress. Although ACE2 levels were lower in
resilient rats than non-R rats, their ACE2 functionality was significantly higher than other groups.
Furthermore, Ang(1-7) levels and ACE2 functionality were correlated with ACE2 levels in resilient
rats but not in non-R rats, which suggested ACE2’s functionality maintained efficient under stress
in resilient rats but was impaired in non-R rats. Ang(1-7) levels was only significantly negatively
correlated with CORT levels in non-R rats, which suggested their ACE2/Ang(1-7) axis activity may
be associated with hippocampal-pituitary-adrenal (HPA) axis activity.

Conclusion: ACE2/Ang(1-7) axis activity in resilient individuals was higher than non-resilient rats
and controls and could possibly be up-regulated in response to stress. In contrast, non-resilient rats
showed ACE2/Ang(1-7) axis dysregulation which may be associated with HPA axis activity. Our
findings suggest that ACE2/Ang(1-7) axis may play a significant role in regulation of resilience.
Further investigations is warranted to determine the clinical potential of ACE2/Ang(1-7) activity to

be the indicator of resilience or to enhance one’s resilience.
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3. Rat Angiotensin II (Ang II) ELISA Kit (ER1637) > FineTest
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SARHAEH] 0.4 mA BV EHEITEERHER (Ho and Wang 2010) -

10



REBEAAFSENIGARZEREYIGE EHZ B &4 (Institutional Animal
Care and Use Committee, IACUC #1070401) » &8 EEnfmEER] - 140 - BidE M
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T hén
(N=21) o
No LH , | ELISA
i VRl
E$l 4
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DIEEZ S R 53HhE  (Enzyme-linked immunosorbent assay, ELISA) 253 #1115
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BT 4 s 2 At P R 1% > DL ELISA SEHIESSE RO GE » FLIETE ACE2
Ang (1-7) ~ AngII ~ Ang (1-9)f1 CORT HYRE - 5550 » ARy Ang 1T &8 ACE2 ##(E fy
Ang(1-7) » &E 7 EM% DL Ang(1-7)/Ang 11 ratio 7t ACE2 E£Z(YThEE(Wang, Basu,
Poglitsch, Bakal, & Oudit, 2020) - 3l . independent t-test [L#F FN4H S > 72 B8 ANOVA
test FE#E =4HRH 2 7252 » DL Pearson’s or Spearman’s rank correlation 7M1 83~ FH R
M - BRF p <0.05 BIRA YT FEEER -

fh~ WHFEER

— EhErz= B4
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R R B B A (& T RHV AR RIANE R IR - HEZARL ERR
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4%& > RHFHFETE -

B E BRISHL - non-R APk EIRELR 0.36 X > RS 13.57 K> WEZ
[ EHBEE AR (p<0.001, ###)  non-R &HF-F AR T BhRkEEIM 4 52 B %&(shock-
escape latency)iRffH] fy 147.36 b > REH Ry 43.33 70 » W& Z ] 23R #AE =
(p<0.001, ###) 8177 ERAHIEI ER 4B A8 2 AH [ SR BERA T 5 2 0 H S PRAY L Ehak
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. @ 200 4
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g 10 2 100 4 e
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(2) ERERTRINEZEZR

DUBTIEEAR T i@ 4eat - 1SR EIE (Bl =2 —) CORT HYRE
SEFEEL (27388.3+ 8904.3 vs. 34733.2+ 10076.4, p=0.15) - FoRE] 1 BALEES 1S
15 My SR BURAZ BR TR 4 AH & AR T R -

(o%)
CORT pg/ml| :"3
NEREE

Con R

& = — ~ CORT JRFEEIIEA T faiE
(2) #JIE ~ FERITEREEZERISER] ACE2/Ang (1-)#&EREZ =R

FEZ BIEYBFE TR 23827 > 0[EVU(A) > non-R ZHAY ACE2 HYREAFR R
4 (25.9242.01 vs. 14.75+1.99, p< 0.01) - 4IEPU(B) » Ang (1-7)JEREH B R 4
# non-R 4[(314.0 £109.1 vs. 209.8+ 53.3, p=0.016)EAFAH4H(314.0 £109.1 vs.
189.1+ 52.6, p=0.028) Sy = Ang I RIfE =4HH {252 » AEVU(C) - BUR#]))
AR AT RS ) B R 2eh4H > ACE2/Ang (1-7) e A BHEERY R -

*

4(A) w  4(B) —— 40

30 T I — 400_‘ r—] _ 5000
- E - 40004
g © 3004 E I
2201 a S 3000-
N Fy 200, i = o0
Q i D 1004 g 1000+
< & <

0 < 0- 0 r

Con non-R R Con non-R R Con non-R R

VD ~ oA e S BT o (A)ACE2 (B)Ang (1-7) (C) Ang 1T » #FR B B4~ HIHYELER,
*FoE B4t B HIAHRAIEEES - P<0.005, p<0.01%**
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R— ~ B ACE2/ANg(1-7)8iSP)E ;e ACE2 ThRETE IR R i

group Mean = SEM p-value Post-Hoc
. Con Non-R R

variable (n=7) (n=14) (n=7)

ACE2 (ng/mL) 19.72+ 0.84 25.92+£2.01 14.75+1.99 0.002 R vs. non-R
(p=0.002)

Ang (1-7)(pg/mL)  189.14+19.88  209.77+16.06 352.75+26.97 <0.001 R vs.Con
(p=0.0002);
R vs. non-R
(p=0.0003)

Ang II (pg/mL) 3791.9+748.2 3579.4+1264.3  4270.6+934.8 0.409 -

— ~ HHB SRS

RS EH TR TR R IS - A Ang (1-7)F1 CORT €E8Bia it - N & H R
orff > BT 3T log (Ang (1-7)) ~ log (CORT)AI ACE2 ({1 - If " AR EE2EE
AT BB B[] > shock-escape latency | fiE/A4E ST EpR T By FE AR 4 > S USRHEGRET
Fi AT ©

(—) B " REBhAEATHEERR | B ACE2 » Ang(1-7) ~ CORT JREEAHRAM:

FHFIEHR) > T R FERRIRT Y EEERIERT | (shock-escape interval)Eil ACE2 JEFE
A B IEAHRE (Spearman's tho=0.93, p <0.01) [[& 71 (A)] < BE/~ R B2 ACE2 JRFE AL
IR FE TR B ) s Ef -

ZBIAPERIAHR Ry R P2 8B % » TTAE non-R 4HIR Ry 2R T Bl kB Aiwy R S5 |
(shock-escape interval) }5515H 2 140 ¥ il » S EMETHHRBASETHIEL -

Y TR ERIRT AR | {E R 41K non-R 418 Ang (1-7) ~ Ang I -
CORT JfLLiz B e -
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214
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25+
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ol : S, . p=0811
T 234 —
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265~
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2604
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(=) EEBER4ER ACE2 THREEERZ 225 5 ACE2 THREFEARREE TR EBhkEIRT#; BT
[ rEERE

Ang(1-7)/2& ACE2 BgEY) - (EAEGERE) P RMEIEE EY B L R S =
FA—EHVE © B)77E(R)HY ACE2 R Bzl 4H ft2 5211 EEIE#) T B (non-R)(E - [EHZE
Y1 Ang(1-7)A1:IE#] 7] Bl (non-R) K&y HHECHY > FR#]JT Bl (non-R)HY ACE2 B HAlh
WgH Rm - (BHEEY) Ang(1-7) AN B - BiiicR 52 8l— ki) 8 Bl i & A I 5 Bl (%
A8 IO > FRIMTERZEEE R (R AZEHIGH Ang(1-7) e ACE2 JRIE[H 23 EY) K LER AT
HHEEE > {H1E non-R &HAIL A BLAHRBEME - NIFL18E ACE2 JRIZEHE{KEE ACE2 1t Ang I1 B
Fs Ang (I-T)HDHRENLA —2L © TfTHE—H 25 30(Wang et al., 2020) > L Ang (1-7)/Ang 11

ratio {F /52t ACE2 BETHRERVFETE -

BAHRIBEZ BRI LUK JI3 - oy 4HERHT ACE2 DHRETE AT —4HMIHY 2= 52 - 453
ACE2 THEEFEFE Ang (1-7)/Ang Il ratio fE =4HH B A ZE » #]JJEAY Ang (1-7)/Ang 11 ratio #7
98777 EL(0.082 0.034 vs. 0.047+ 0.015, p= 0.032)EBLIEHI4H (0,082 0.034 vs. 0.044 0.005,
p=0.039) Ry LA - FEBITTEH Ang (1-7)/Ang I ratio B " R Bkt 8 B B BAY ]

(shock-escape interval)fH[5H B/~ B ACE2 Lhfe e H ER ST sk -

7(8)
R

0.154
2
[
= 0.104 o
g r=0.84
- p=0.038
:': 0.054 e
g .

0.00 N v .

: 0 50 100 150
control Non-resilient Resilient Shock-Escape interval (s}

& (A) ~ ACE2 DIREfEIEZ S4HER - #FoRE R 2 FIAVELEL, *Fon B indH Bz RIsH Ay
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