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Abstract: To investigate the regulatory effects of the ethanol extract of Gynura procumbens stems (EEGS) on polyuria and
sleep disorders in mice, murine models of renal injury-induced polyuria and aging-induced sleep disorders were established using
adenine and D-galactose, respectively. On the one hand, after urine output was measured, the mice were euthanized, and their
kidneys and bladders were harvested. Histopathological changes and the expression of aquaporin 2 (AQP2) were evaluated using
hematoxylin and eosin staining, Masson staining, and immunohistochemical staining. On the other hand, sleep rate, sleep latency,
and sleep duration were measured. Experimental data indicated that after EEGS treatment, renal injury in renal injury- and aging-
induced mice was reduced (renal tubular scores of 3.25 and 2.75, respectively); the collagen fiber proportions in the bladder detrusor
muscle were 22.02% and 15.44%, respectively; and AQP2 expression was upregulated by 5.23- and 4.22-fold in the kidneys and
by 3.26- and 2.53-fold in the bladder, respectively. The two-hour urine output was reduced by 64.41% and 51.06%, respectively;

Pentobarbital sodium-induced hypnosis time was shortened by 52.24% and 47.10%, respectively; sleep rate was increased by 3.00-
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and 6.00-fold, respectively; and sleep latency was shortened by 78.55% and 72.73%, respectively. Compared with the model group,

both chlorogenic and trans-p-coumaric acid (the active components of EEGS) were found to ameliorate polyuria and sleep disorders

in mice. EEGS can significantly improve renal injury-induced polyuria and aging-induced sleep disorders in the middle-aged and

elderly populations. This study provided a theoretical basis for the development of new applications of G. procumbens.
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Fig.1 Animal grouping and intervention protocol
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Fig.2 The effect of EEGS and its active components on urine

output in mice (n=4)
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Fig.3 The effect of EEGS and its active components on the kidneys of mice with kidney injury (n=4)
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Fig.4 The effect of EEGS and its active components on the kidneys of aging mice (n=4)
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Fig.5 The effect of EEGS and its active components on bladder collagen in mice with kidney injury (n=4)
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Table 1 The effect of EEGS and its active components on sleep
onset, sleep latency, and sleep duration in mice with kidney

injury (n=10)

20 7 REIRE /%  BEERARH)/min  AREKAT ] /min
Control 20 6.27 £0.35 3491 +2.88
Adenine 20 10.63 = 1.45" 77.10£6.64"
EEGS-L 40 7.68+1.72 47.38 4,98
EEGS-H 80" 2.28+0.50" " 36.82 +3.13"

CA 60 3.78 +0.52" 46.36 £3.23"
t-p-CA 50 4.88+0.67" 62.45 + 8.46

Mix 70"" 3.47 £0.62" 37.60 = 521"

DZP 80" 2.13+£0.32" " 88.14£3.97

Er AT REIRE AT I X AR, B IR R A 0 AR
A E] YA Mean + SEM & 7x. “¥, *%, *%%” F m 5w g iijaLk,
P<0.05, P<0.01, P<0.001. “#, ##, ### RT~H5AER 4
b, P<<0.05, P<<0.01, P<<0.001.

% 2 EEGSKHHEBEMH A FZ/NRIERZE, MERERE.
RERR A 18] 49 2200
Table 2 The effect of EEGS and its active components on sleep

onset, sleep latency, and sleep duration in aging mice (n=10)

28 7 RE AR /% B AR 72 EK 2 /min B AR AT 1] /min
Control 20 5.93 £0.69 29.98 +2.41
D-gal 10 10.34+0.68"" 64.89+5.67"
EEGS-L 20 5.20 £0.55" 48.53£10.96
EEGS-H 70" " 2.82 £0.33" " 34.33+2.65
CA 40 4.04+0.56™ 433 +4.25
t-p-CA 40 5.44 £1.13" 56.40 +7.92
Mix 40 3.93 £0.53" 36.98 £2.09
DZP 90" 1.52+027 % 100.21 £8.54™

E: ATPRIRE G IE X AT, BEIRAK A Ao BR AR
B8] YA Mean + SEM & 77, “*, *%, *%%” £ 5w g itk
P<0.05, P<<0.01, P<<0.001. “#, ##, ###"> F+=54% 040
v, P<0.05, P<<0.01, P<0.001.

ME2 Fi7m () D-gal I Z A4 Rk F, 5
THHAME CHERE R : 10.63 min 5 BHEHAREKE
34.91 min), YL/ 5 R AR T8 OR 39 A0 B I 7] 24 S5 2%
FEK. AHELREAIZH, EEGS-H Ab 3 n] & 35 47 m e R %
(70%), F [F B 25 5 B AR 7 R SO A0 B AR B (1) (L 2R A
TEAH) s DZP o] B E FFHIEIR A DR (I
% 2); MIX. EEGS-L. CA il t-p-CA N ¥ % & & 45

120

o R AR AR

B4 T B E AR AR 0 R, SRR L%
BN TE B RE RS, T i A R AR B E] ZE KPP, EEGS f#
/I 5 P AR R P O B 658 % 407 R o S A R 2 4 1) Y 3
i 78.55% Kl 72.73% 5 [RI A BEEHIR R 32 T 28 i i B 7Y
41119 3.00 £5H0 6.00 %, FHKe F 8 LK 1 BRI 7] 1 52
BRI AR XL LR BEGS A7 “fe i
NHETTAFEN H RSB (R, — T R SR a0 R 0,
£ H R A 500 mg (9 CA, 5 d J& 521k e IR 75 4K 3
M 15.6 min 455 % 8.7 min™ . HAEHIRIEH, CAT
O T Y g T R R A I S R K ST R IR R </ R
WK, R S B AR P H L 2 — 5 AT P ks
K, MIX (RBLT CA. 1M 256 = i IR 78 o
t-p-CA FIIE L BE CA Wie. 15 0 42 366 o~ i A&
) JHF B AR 4 22 2k i A%, L[] R4 o5 4 IS oRE 179 1R
Filo IX AT BE MR MIX 3 20/E Y'Y, EEGS-H i T
MIX. %56 2.1 T2 f EEGS BT & 0 5 48 iR A
FARIR B SR ", O W R IRE R B R
HLAG U A R R o IR R IURE P S A B,
HEMEATE ] fE S 5 MeE IR FR A, X B /& EEGS
o F MIX R R 2 —. M2 F, DZP E it #l 2K
THRERNAEY, Wi RS8R GABA REMTZ M) 5L
PUEECREY, 5 S8H MIVEMESE A R 5 S
FLATER NSRS EEGS H i M 70 ) BRI — 5 B AH 56 52
P R AE 5@ IS, Oy N T o R AR AN £ R
e R P 1 2 (AL AR 22 A 3

3 #ip

FE 2 JRGMEIRFEAG A S YUK, Bk = RGNEW T,
B 2R L RE 5 [R] IR 25035 1 PR 588 i) A 1 2 B 1k 1 0 418
A E KRR DTN =B R4 BiRiERe. Kb
(¥ 5 S IR 5 6F 4 2k PRV RE IR 201 5 T B ) A 200k JR
SO DD RE S I RS AL AR b IR IR AT 2 R HES ) S U
P IR R I A AR I [R],  ROCR 4L EEGS-H, 1K
B R AR L7 7E 22 B8 pd W [R5 7 AR 3. P B g
=GR e B K EIE 1 AQP2 R, BE
RS BEEEt b, AT P B s [R] A e o AR —
T s BRI BT R, HoA & SR M R, T
KA PR A ORI S R B PR R AR A T DI RER)
DIRetEfr dh SRt VIR IR . AW TE M A AE —
SE JRI PR, 2 J I AR X e ke A R TR D AR 58 A8 A AN HL
ARG S5 R R 2 PRE . BEAR B A5 1 RE I R, 79 7%
SEVELAMENT, s SO 0o B R 1R R iR A 5
JS2FH B A%




MR @R

Modern Food Science and Technology

2026, Vol.42, No.10

Al LK
[1]  WANG Y, HU H, XU K, et al. Prevalence, risk factors, and

[10]

[11]

[12]

[13]

[14]

symptom bother of nocturia: a population-based survey in
China [J]. World Journal of Urology, 2015, 33(5): 677-683.
GEROGE Z F, ALEXANDER H F, MILLER C D, et al. Polyuria
in patients with lower urinary tract symptoms: Prevalence and
etiology [J]. Neurourology and Urodynamics, 2023, 42(1): 256-
262.

FANG Y, ATHENA'Y G, STEVEN T H, et al. The ageing kidney:
Molecular mechanisms and clinical implications [J]. Ageing
Research Reviews, 2020, 63: 101151.

MICHELLE G, ELIZABETH T T, PAUL G, et al. Rate of decline
in kidney function with age: a systematic review [J]. BMJ Open,
2024, 14(11): e089783.

ROBERT A F, SATHISH K M, HANNE B M. Advances in
aquaporin-2 trafficking mechanisms and their implications for
treatment of water balance disorders [J]. American Journal of
Physiology-Cell Physiology, 2020, 319(1): C1-C10.

DI X P, JIN X, Al J Z, et al. YAP/Smad3 promotes pathological
extracellular matrix microenviroment-induced bladder smooth
muscle proliferation in bladder fibrosis progression [J].
MedComm, 2022, 3(4): e169.

ADAM O, VALENTINA F O, JOSE H R, et al. Sleep
characteristics in early stages of chronic kidney disease in the
HypnoLaus cohort [J]. Sleep, 2016, 39(4): 945-953.

MARIANA F, MATTEO A, FRANCESCA C, et al. Prevalence
of sleep disorders in geriatrics: an exploratory study using sleep
questionnaires [J]. Geriatric Nursing, 2024, 60: 107-113.
NARESH M, TARIG O, PRAVIN G, et al. Refractory polyuria
secondary to cerebral salt wasting successfully treated with
DDAVP and hypertonic saline [J]. Interdisciplinary Neurosurgery,
2020, 22: 100814.

E T A RN RS T 5 5 77 4R FE (2023 1) [J]. AR 22 A
J4,2024,57(56):560-584.

TAN H L, CHAN K G, PRIYIA P, et al. Gynura procumbens: An
overview of the biological activities [J]. Front Pharmacol, 2016, 7:
52.

MUHAMMAD A J, SANIA A, MONIRA A, et al. Phytochemical
and biological investigation of an indigenous plant of bangladesh,
Gynura procumbens (Lour.) Merr.: Drug discovery from nature[J].
Molecules, 2023, 28(10): 4186.

NUTDA S, VOLALUCK S, YUE H N, et al. Topical Gynura
procumbens as a novel therapeutic improves wound healing in
diabetic mice [J]. Plants (Basel), 2021, 10(6): 1122.

HUANG X L, LI X J, QIN Q F, et al. Anti-inflammatory and
antinociceptive effects of active ingredients in the essential oils
from Gynura procumbens, a traditional medicine and a new and

popular food material [J]. Journal of Ethnopharmacology, 2019,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

239: 111916.

WANG C, HUANG X L, MU Y M, et al. Synergistic effects of
trans-p-coumaric acid isolated from the ethanol extract of Gynura
procumbens in promoting intestinal absorption of chlorogenic
acid and reversing alcoholic fatty liver disease [J]. Journal of
Ethnopharmacology, 2022, 295: 115407.

ZHAI S'Y, GU H W, WANG C, et al. Gynura procumbens and
selected metabolites: Amelioration of depressive-like behaviors
in mice and risperidone-induced hyperprolactinemia in rats [J].
Biomedical Pharmacotherapy, 2024, 173: 116361.

SHAO J, HENG X, QU L, et al. Ginsenoside Rg5/Rk1 ameliorated
sleep via regulating the GABAergic/serotoninergic signaling
pathway in a rodent model [J]. Food and Function, 2020, 11(2):
1245-1257.

R T AR AN o e O, A5 .25 P RS PR G % 7K 47 7y A
HEASARL/IN R AE F B S A ] B v 2 24 2% 5,2014:78-80,84.
MUSTAFA E, CEVAT A, ZEYNEP F E, et al. Quercetin
ameliorates methotrexate-induced renal damage, apoptosis and
oxidative stress in rats [J]. Renal Failure, 2015, 37(9): 1492-1497.

JULIANA Y B, LINDSAY N C, JEFFREY E H, et al. Early
detrusor application of botulinum toxin a results in reduced
bladder hypertrophy and fibrosis after spinal cord injury in a rodent
model [J]. Toxins (Basel), 2022, 14(11): 777.

ZHANG Y, YU H, LI J. microRNA-181a-5p promotes fibroblast
differentiation of mesenchymal stem cells in rats with pelvic floor
dysfunction [J]. Clinics (Sao Paulo), 2024, 79: 100428.

LILIANA B, ISABELLA M, CLAUDIA B, et al. SUN-410 central
diabetes insipidus refractory to oral desmopressin (DDAVP) [J].
Journal of the Endocrine Society, 2019, 3: 410.

LITT, WEN LY, MENG S S, et al. Oral administration of
ethanol extract from Gynura procumbens stems corrects kidney
injury and renal anemia in chronic kidney disease [J]. Frontiers in
Pharmacology, 2024, 15: 1476735.

THOMSON T T, BRENT T T, CHANG Y-J, et al. Experience of
medical treatment with desmopressin and imipramine in children
with severe primary nocturnal enuresis in Taiwan [J]. Research
Reports in Urology, 2019, 11: 283-289.

HE J, CAO Y, ZHU Q, et al. Renal macrophages monitor and
remove particles from urine to prevent tubule obstruction [J].
Immunity, 2024, 57(1): 106-123.

ZHOU X, ZHANG B, ZHAO X, et al. Chlorogenic acid
supplementation ameliorates hyperuricemia, relieves renal
inflammation, and modulates intestinal homeostasis [J]. Food and
Function, 2021, 12(12): 5637-5649.

ANDREAS K, NIKLAS R, CRISPIANA C, et al. Desmopressin
use in major cardiac surgery is associated with renal impairment:
a retrospective single-center analysis[J]. BMC Anesthesiology,
2024, 24(1): 357.

XUE N, LIU Y, JIN J, et al. Chlorogenic acid prevents UVA-

121




MR @i

Modern Food Science and Technology

2026, Vol.42, No.10

[29]

[30]

[31]

[32]

[33]

122

induced skin photoaging through regulating collagen metabolism
and apoptosis in human dermal fibroblasts [J]. International
Journal of Molecular Sciences, 2022, 23; 6941.

EMMA T B O, SOREN B P, METTE M R, et al. The Gfy-
subunit interacts directly with aquaporin-2 (AQP2) and regulates
its membrane targeting [J]. The FASEB Journal, 2018, 282(39):
28721-28732.

YOU J K, SEHYUN O, JEONG H L, et al. Impact of ring finger
protein 20 and its downstream regulation on renal tubular injury
in a unilateraln ephrectomy mouse model fed a high-fat diet [J].
Nutrients, 2023, 15(23): 4959.

YUTAKA K, TERUMASA N, YASUNOBU I, et al. Camostat
mesilate, a serine protease inhibitor, exerts aquaretic effects
and decreases urinary exosomal AQP2 levels [J]. Journal of
Pharmacological Sciences, 2022, 150(4): 204-210.

CAO X L, PENG X M, LI G B, et al. Chaihu-Longgu-Muli
decoction improves sleep disorders by restoring orexin-A function
in CKD mice [J]. Frontiers in Endocrinology (Lausanne), 2023,
14: 1206353.

PARK I, OCHIAI R, OGATA H, et al. Effects of subacute

[34]

[35]

[36]

[37]

ingestion of chlorogenic acids on sleep architecture and energy
metabolism through activity of the autonomic nervous system:
a randomised, placebo-controlled, double-blinded cross-over
trial [J]. British Journal of Nutrition, 2017, 117(7): 979-984.

ZHU H, SHEN F, WANG X, et al. Chlorogenic acid improves
the cognitive deficits of sleep-deprived mice via regulation of
immunity function and intestinal flora [J]. Phytomedicine, 2024,
123: 155194.

GOU J T, Li HY, CHENG C, et al. Isochlorogenic acid A
ameliorated lead-induced anxiety-like behaviors in mice by
inhibiting ferroptosis-mediated neuroinflammation via the BDNF/
Nrf2/GPX4 pathways [J]. Food and Chemical Toxicology, 2024,
190: 114814.

TANG G Y, LI S, XU Y, et al. Renal herb formula protects
against hyperuricemic nephropathy by inhibiting apoptosis and
inflammation [J]. Phytomedicine, 2023, 116: 154812.

KEVIN P, WADE T, SIMON D, et al. Deprescribing
benzodiazepine receptor agonists: Evidence-based clinical practice

guideline [J]. Canadian Family Physician, 2018, 64(5): 339-351.




