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Effect of Dangshen Yuanzhi powder microemulsion regulating PI3K/Akt/mTOR pathway on neuronal apoptosis
in mice with cortical dementia
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Department of Basic Science, Institute of Pharmaceutical and Food Engineering, Shanxi University of Chinese Medicine, Jinzhong
030619, Shanxi, China

[Abstract] Objective To study the effects of Dangshen Yuanzhi powder microemulsion on apoptosis of hippocampal
neurons in mice with cortical dementia induced by D-galactose and sodium nitrite based on the phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) signal pathway. Methods Sixty ICR mice were
randomly divided into 6 groups: normal group, model group, biocompatible microemulsion group, piracetam group, low-
dose group of Dangshen Yuanzhi powder microemulsion, and high-dose group of Dangshen Yuanzhi powder microemulsion,
with 10 mice in each group. Except for the normal group, the other 5 groups were intraperitoneally injected with D-galactose
(120 mg/kg) and sodium nitrite (54 mg/kg) to establish mouse models of cortical dementia. Distilled water, biocompatible
microemulsion (10 mL/kg), piracetam (0.63 g/kg), low- and high-doses of Dangshen Yuanzhi powder microemulsion
(equivalent to 8.58 g/kg and 17.16 g/kg of raw medicine) were given by gavage, once a day for 6 weeks. Memory ability
was examined by Morris water maze test, pathomorphological changes were observed by hematoxylin-eosin staining, the
changes of Nissl bodies of neurons in the hippocampal cortex were observed by Nissl staining, the expression of PI3K, Akt

and mTOR in the hippocampal cortex was observed by immunohistochemistry, and the expression of doublecortin (DCX)
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and the growth of newborn neurons in hippocampal cortex were observed by immunofluorescence. Results Compared with
the model group, the learning and memory ability of mice with cortical dementia was significantly improved in the low- and
high-dose groups of Dangshen Yuanzhi powder microemulsion, the pathological morphology of the hippocampal cortex was
obviously improved, the neurons were round and dense, the contents of Nissl bodies of neurons were abundant, the expression
of PI3K, Akt and mTOR was significantly decreased, the expression of DCX was significantly increased, the distribution of
newborn neurons was dense, and extended synapse was increased. Conclusion Low- and high-doses of Dangshen Yuanzhi
powder microemulsion can induce autophagy by inhibiting PI3K/Akt/mTOR signaling pathway, reduce neuronal damage,
induce neuronal regeneration, and improve learning and memory ability in mice with cortical dementia induced by D-galactose

and sodium nitrite. Considering efficacy and toxicity, low-dose (the clinical equivalent dose) of Dangshen Yuanzhi powder

microemulsion should be selected.
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1 Morris KR T SEIGE 1~5 K& H /R AYKEEE K HA

Fig1 Escape latency of mice in each group in Morris water maze test from day 1 to day 5

‘P<0.05, "P<<0.01 vs model group. #=10 in normal, model, biocompatible microemulsion, piracetam and low-dose Dangshen

Yuanzhi powder microemulsion groups; # =238 in high-dose Dangshen Yuanzhi powder microemulsion group (one mouse of 10 died on

the 32™ day of gavage and another mouse died on the 36" day of gavage, which had no effect on the test results). x=s.

B2 Morris KEFLWE 6 REH/NRFFEKPIE

Fig2 Swimming track of mice in each group in Morris water maze test on the 6" day

From left to right are normal, model, biocompatible microemulsion, piracetam, low-dose Dangshen Yuanzhi powder microemulsion,

and high-dose Dangshen Yuanzhi powder microemulsion groups.
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Tab1 Dwell time in quadrant of original platform and times of crossing the original platform

of mice in each group in Morris water maze test

xts

Dwell time in quadrant of Times of crossing the

Group n original platform/s original platform
Normal 10 16.33+1.86 3.00+0.87
Model 10 11.99+1.58" 1.64+0.81"
Biocompatible microemulsion 10 13.374+1.69" 1.70+0.67"
Piracetam 10 16.15+2.12°° 2.0940.70
Low-dose Dangshen Yuanzhi powder microemulsion 10 16.49+2.47°" 236+0.67"
High-dose Dangshen Yuanzhi powder microemulsion 8" 17.214+1.99% 2.45+0.69"

*: One mouse of 10 died on the 32™ day of gavage and another mouse died on the 36" day of gavage, which had no effect on the test
results. “P<<0.01 vs normal group; “P<<0.05,““P<<0.01 vs model group.



51 MR, 5 SR BUMEL AT PIBK/AKY/mTOR 3 F6 % Kz Bk i /N B 28 TT I T 4 5

e 67 o

22 RAEERMIT B R  RE D R R
LR FHHrn HEREALER (K 3) xR, FH
/BT S B B e HEP B S L R, B
SEAE ., BRI /N BRI T 7 i 2T R IREE L . HES
PAEY, REPHEANMAEIEANT, MR 4G5 — AP a
2, METHR, BEKEEAM: . AL

B3 SaNREDEENY

RIEWAY (H-E£f, 400X)

2N RO By B O 2 U gL, B KRR
WA DY AH A /) BRI ) Bz SO 22 A% [ A i, R DL
IR, JBEESHA BB GE . S Sm SR
i, R 2 /N B S R R 2 e R LS, i B
SERGE I Y o

e

Fig3 Pathomorphology of hippocampal cortex of mice in each group (H-E staining, 400 X)

A: Normal group; B: Model group; C: Biocompatible microemulsion group; D: Piracetam group; E: Low-dose Dangshen Yuanzhi

powder microemulsion group; F: High-dose Dangshen Yuanzhi powder microemulsion group. The arrows show cell shrinkage. H-E:

Hematoxylin-eosin.
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Fig4 Changes of Nissl bodies in hippocampal cortical neurons of mice in each group (Nissl staining)

A: Normal group; B: Model group; C: Biocompatible microemulsion group; D: Piracetam group; E: Low-dose Dangshen Yuanzhi

powder microemulsion group; F: High-dose Dangshen Yuanzhi powder microemulsion group. The arrows show Nissl bodies.
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Fig 5 Protein expression of PI3K, Akt and mTOR in hippocampal cortex of mice in each group (immunochemical staining)

The arrows show positive expression of protein. The figures in the last 3 columns are an enlarged view of the part framed by the

square of the first column. PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B; mTOR: Mammalian target of rapamycin.
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Tab 2 Number of positive cells and average optical density of PI3K, Akt and mTOR in hippocampal cortex

of mice in each group

xts
Number of positive cells
Group n
PI3K Akt mTOR

Normal 10 41.67£3.06 57.67+4.04 33.334+4.93
Model 10 193.00£5.20" 150.00+7.94™ 117.334+14.57"
Biocompatible microemulsion 10 102.00%=11.14" 138.67+11.93" 89.67+5.51"
Piracetam 10 84.33+5.03°% 87.67+4.62°% 62.33+1.15°

Low-dose Dangshen Yuanzhi powder microemulsion 10

High-dose Dangshen Yuanzhi powder microemulsion 8"

73.00+3.46°44
46.0013.46"447Y

40.67+6.35°°4
2400417374447

75.0043.00°44
65.67+7.77°44

Average optical density

Group PI3K Akt mTOR
Normal 0.02740.003 0.0250.004 0.066+0.005
Model 0.622+0.021" 0.989+0.025" 0.846+0.028"
Biocompatible microemulsion 0.554+0.023" 1.478+0.107" 1.197+0.184"
Piracetam 0.38040.023"" 0.5224+0.025°% 0.97240.024"°
Low-dose Dangshen Yuanzhi powder microemulsion 0.46440.014"" 0.609+0.049°4 0.93840.043"
High-dose Dangshen Yuanzhi powder microemulsion 0.3634:0.028""" 0.37940.012°°44Y  0.376£0.047°°4477

*: One mouse of 10 died on the 32™ day of gavage and another mouse died on the 36" day of gavage, which had no effect on the
test results. ~P<<0.01 vs normal group; AP<O.05, A8P<0.01 vs model group; AP<0.05, AAp<0.01 vs piracetam group; vP<0.05,
VY P<0.01 vs low-dose Dangshen Yuanzhi powder microemulsion group. PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B;

mTOR: Mammalian target of rapamycin.
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Fig 6 Expression of DCX protein in hippocampal cortex of mice in each group (immunofluorescence staining)

A: Normal group; B: Model group; C: Biocompatible microemulsion group; D: Piracetam group; E: Low-dose Dangshen Yuanzhi

powder microemulsion group; F: High-dose Dangshen Yuanzhi powder microemulsion group. DCX: Doublecortin.
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R gt A . R DCX R A R L, B
F LR B

*3 [BHENMREBDER DCX FREMMEEMFANREE

Tab 3 Number of positive cells and average optical density of DCX in hippocampal cortex of mice in each group

x*s

Group n Number of positive cells Average optical density
Normal 10 200.33+18.48 48.27+2.64
Model 10 35.00+6.56" 29.95+1.58"
Biocompatible microemulsion 10 28.33+3.217 32.82+1.33"
Piracetam 10 1603383344 55.7944.224%
Low-dose Dangshen Yuanzhi powder microemulsion 10 412.67+25.407744 63.34+1.65""
High-dose Dangshen Yuanzhi powder microemulsion 8 381.00+£27.62°"44 70.96+2.93° 447

*: One mouse of 10 died on the 32 day of gavage and another mouse died on the 36" day of gavage, which had no effect on the

test results. “"P<<0.01 vs normal group; ““P<C0.01 vs model group; 44P<<0.01 vs piracetam group; 'P<0.05 vs low-dose Dangshen

Yuanzhi powder microemulsion group. DCX: Doublecortin.
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PI3K/Akt/mTOR {5 5 id I 2 5 f X fh 22 &
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I = WEM2 ( phosphatidylinositol 3,4,5-triphosphate,
PIP3) , PIP3 55 4f il A & A7 5 51 v e 4 2 1 [R] U5
I ( pleckstrin homology domain, PHD ) {55 &
I Akt FIB IR LB 4 34 1 ( phosphoinositide-
dependent kinase 1, PDK1) %% &, 1 fif PDKI #§
2 Ak Akt 2 111 Ser-308 2 g0, 115 £k 19 Akt i i B

i ft mTOR ¥ Ser-448 v/ &3 1% mTOR, #{F#E 1
mTOR K K KA 7 RNA B BRSO, M 15 40
ff A 20 PI3K/AKUMTOR {3 5 [ J2 14 w42
f S Rl e P A Ok RS S
WA RGP RE . RIEP

AD 5 PI3K/AKUmMTOR 5 #% /5 6, A
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mTOR ¥t 8L T 15 ik, PIBK/Akt/mTOR {5 7 if
PP SRS R, BT HEKTSZ 2], X AR
(95 I3 BRI, {23 AD i & 4E . DCX J&— il
FER TR 20 RN A B i 20 200 M 2R O T A
A, TEMZHTANE > Z0E BRI T EG 2215
FERA A TC AT B B A B T ME B R AR TR /)N
SR 1 iz TG B S T LAY DCX BHAM: 40, 15d B #ih
2otz B, I A S EUEL T, IRYT
21 PI3K. Akt., mTOR ¥ FHM:FIE T FE, DCX FHME:
FIREET, ULEH 5E S A EUCEL T A ) PI3K/
Akt/mTOR 15 538 F§ 15 T A W, W28 ol 0,
PR ICHE, 3% D-gal A5 R 84 0T 8L Hz
TR B AR /N BRUR 2 STACAZRE T . Mg T Y
WIS S A B et B s —
SEMFEPIVE R o AHIFZE b 3 S i iRl = 7 i
BN S I b K S AT B SR, 5 Ak
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