Open Access @

(Pustin Publishing crou

Austin Journal of Pharmacology and

Therapeutics

Review Article

Subcellular Injury of ASMEs Involves in the Genesis of
Refractory Hypotension in Severe Shock

Zhao K*

Department of Pathophysiology, Southern Medical
University, China

*Corresponding author: Ke-seng Zhao, Department
of Pathophysiology, Southern Medical University,
Guangzhou 510515, China

Abstract

The Refractory Hypotension (RH) leads to severe hypoperfusion which
results in vital organ failure and death. It has been shown that one of the main
reasons for RH is Arteriolar Smooth Muscle Cell (ASMC) hyperpolarization,
which results in the inhibition of L-type calcium channel and Ca? influx after
i . vasoconstrictor stimulation, that finally leads to refractory hypotension during
Received: March 05, 2021; Accepted: April 02, 2021; severe shock. The activation of K,., channels by depletion of intracellular
Published: April 09, 2021 ATP content causes ASMC hyperpolarization. It is usually recognized that
the depletion of ATP content originates from microcirculatory disturbance and
refractory hypotension is only a functional problem of ASMC with treatment
using vasopressors, and no morphological changes of smooth muscle cell
were reported in RH. This review shows that mitochondrial damage is another
important reason for depletion of ATP level and that protection of mitochondrial
dysfunction can increase the blood pressure and survival rate during severe
shock, which indicated that subcellular injury of ASMCs is involved in the
genesis of refractory hypotension. Protecting and repairing ASMC subcellular

injury is a new approach to treatment of severe shock.
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Introduction

Refractory shock has been defined as the need for noradrenaline
infusion of >0.5 pg/kg/min despite adequate volume resuscitation.
Mortality in these patients may be as high as 94% [1-3]. One of the
reasons for death is refractory hypotension, which induces severe
microcirculatory hypoperfusion with vital organ failure and death
[4-6]. Therefore, it is important to investigate the exact mechanism
of refractory hypotension and find a new approach to treatment of
refractory hypotension during severe shock.

ASMC Hyperpolarization is the Basis for
Pathogenesis of Refractory Hypotension
during Severe Shock

An acute severe hemorrhage rat model was reproduced in the key
lab for shock and microcirculation research, in which the duration of
experiment was maintained for 4 h (2 h for hemorrhage to MAP 30
mmHg and 2 h after reinfusion of the shed blood), then the ASMCs
were isolated and the mitochondrial function was measured. The
protectors against mitochondrial injury (Cyclosporine A (CsA),
Resveratrol (Res), Polydation (PD)) were used to observe if protection
from mitochondrial injury could improve refractory hypotension
during severe shock.

The spinotrapezius muscle preparation of rat was used for
measuring vasoreactivity. The semi-quantitative arteriolar reactivity
to Norepinephrine (NE) was tested by topical application of
increasing concentration of NE until a threshold concentration of NE
was reached, which resulted in complete cessation of blood flow in the
transverse arteriole of spinotrapezius muscle for 10s to 20s [7]. It was
shown that the NE threshold level in bleeding shock group increased

15 times more than in the non-bleeding group [8,9]. Then the ASMC
were isolated for measuring membrane potential and ion channels.

The resting membrane potential of ASMC changed from
-36.7 mv * 6.3 mv in sham group to -51.7 mv + 9.1 mv in shock
group, which showed existence of ASMC hyperpolarization. The
ASMC hyperpolarization resulted in the inhibition of L-type
calcium channel and Ca*" influx after vasoconstrictor stimulation,
which finally led to refractory hypotension during severe shock.
Administration of mitochondrial protectors could partially restore
ASMC hyperpolarization [9-15].

The Activation of K, Channel Leads to
ASMC Hyperpolarization during Severe
Shock

ATP-sensitive potassium channels (K,,,) are physiologically
activated by decreasing the cellular ATP concentration and by
increasing the cellular concentrations of hydrogen ion and lactate,
which is a mechanism linking cellular metabolism with vascular
tone and blood flows. It was demonstrated that the K, channels
in ASMC are activated following severe hemorrhagic shock, which
showed that more K, , channels in recorded patches are in activity
with the increased conductance and mean open probability; it was
also shown that the cause of K, , activation in ASMCs during severe
shock is ATP depletion and intracellular acidosis, which showed
that ASMC ATP level reduced to 17.9% + 6.4% of control level and
intracellular pH value (pHi) changed from 7.08 + 0.8 of the control
level to 6.63 + 0.13 in rats during severe hemorrhagic shock [16-
18]. In the meantime, ASMC hyperpolarization was also recorded,
which might be produced by the activation of K, , channels, since

inhibition of the K, , channels with glybenclamide could reverse
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the hyperpolarization. Based on the study of mitochondrial function
during severe shock, a new approach to treatment of severe shock
was put forward, i.e., administration of restituting vasoreactivity
agent (glybenclamide) first, followed by giving vasopressor (NE or
dopamine) and transfusion of blood [19-23].

The Reason for the Depletion of ATP Content
in ASMC during Severe Shock

The deficiency in nutrients and oxygen caused by failure of
circulation may lead to low ATP production and improvement of
microcirculation is the principal treatment in severe shock. It was,
however, reported that the ATP depletion which occurred during
shock remained as long as 48 h after treatment with restitution of
the blood pressure [24]. It was shown that the depressed ASMC ATP
level accompanied by the activation of K, channels [10]. These
indicated that depletion of ASMC ATP level might not only result
from deficiency of ATP raw material, but also from the damage
of ATP-producing factory. This is an important event, since the
refractory hypotension is usually recognized to be only a functional
problem of ASMC, so that the treatment of severe shock normally
is to apply more and more vasopressors to the patients, even if it is
usually failed to enhance the blood pressure, because the vasopressors
cannot improve the morphology damage in smooth muscle cell.

Doctors do not pay attention to the treatment of ASMC
injury in refractory hypotension, because they do not know that
the shock patient might enter into cell injury stage which could
have morphology damage before ultimately organ failure occurs.
When subcellular mitochondrial damage occurs during refractory
hypotension leading to ATP depletion via cytopathic hypoxia, the
principle of pharmaceutical therapy should include protecting and
repairing ASMC injury during severe shock [21-27].

The Evidence for Mitochondrial Damage
Leading to ATP Depletion of ASMC during
Severe Shock

Mitochondria are the power plant with 90% ATP production
in cell. Mitochondrial damage may lead to energy exhaustion with
ROS production, release of apoptosis enzymes, and calcium overload,
which finally results in cell death. Therefore, mitochondrial damage
is a subcellular injury, which indicates the disease course at an early
stage of cell injury during severe shock. Mitochondrial swelling is a
prominent phenomenon in ASMC during severe shock, in which
the shape of mitochondria changes from normal sausage style with
electron-dense matrix to spherical or irregular style, and the cristae is
destroyed and disappeared on mitochondria which can be observed
under electro-microscope with electron-lucent matrix during severe
shock [28-31]. It is well known that the mitochondrial cristae are
made of inner membrane, where the mitochondrial respiratory chain
and ATP synthesis are located. Therefore, disruption of mitochondrial
membrane and loss of defined cristae would result in depressed ATP
production [26,27].

ASMC mitochondrial dysfunction can also been assessed by
the opening of mitochondrial transition pore and reduction of
mitochondrial membrane potential (Aym), which can be measured
by special fluorescent probe (Calcein-AM for measuring mPTP and
JC1 for Aym) under confocal microscope. It was demonstrated that

the ASMC calcein value of Mean Fluorescence Intensity (MFI) in
shock group was decreased by 68.8% of control group indicating
substantial mPTP opening, and that the value of Aym ASMCs was
from 13.44% + 7.73% in control group and increased to 80.34% =+
9.01% in shock group, indicating reduced mitochondrial membrane
potential of ASMC during severe shock [28].

Intracellular ATP content of ASMC is an important index for
accessing mitochondrial dysfunction. It was shown that the ATP
level of ASMC in shock group decreased to 17.6% + 7.9% of the
control value. Treatment with Cyclosporine A (CsA), Resveratrol
(Res), and Polydatin (PD) increased ATP level to 32.7% + 5.4%, 62.1
+ 1.5% and 90.7 + 7.5% respectively [29]. The therapeutic effect of
mitochondrial protectors (CsA, Res, PD) provides a counterevidence
for mitochondrial dysfunction involved in the genesis of refractory
hypotension (see next).

Besides ASMC, mitochondria dysfunction also existed in
diverse organs of in severe shock, including brain neurons [31],
small intestine epithelial [32], renal tubular epithelial cells [33,34],
pulmonary arteriolar smooth muscle cells [35], hepatocytes [36],
platelets [37], etc. Therefore, mitochondrial injury is a common
pathway in severe shock. It will be very much convenient to check
platelet mitochondrial damage as a marker to reflect the subcellular
damage in severe shock, as to take a blood sample will be much easier
for clinic patient.

The pathogenesis factors of mitochondrial damage during severe
shock include free radicals, calcium over load, casepsin of lysosomes,
etc. It was shown that with reduced SIRT1/3 activity, three kinds of
mitochondria-related proteins (CyPD, SOD2, P53) would be over—
acetylated, which led to mPTP opening, more ROS production and
P53 transcription-independent apoptosis during severe shock, and
that Polydatin (PD) might serve as an activator of SIRT1/3 [33-36].

Protecting and Repairing Mitochondrial
Dysfunction isa New Approach to Treatment
of Severe Shock

According to the pharmacologic effect, drugs targeting
mitochondria during severe shock have the following aspects: (1)
inhibiting the opening of mitochondria permeability transition
pore; (2) attenuating the production of reactive oxygen species; (3)
modulating inner ion (Ca?, K*) channels; (4) ameliorating energy
substrate metabolism; (5) activating SIRI1/3[29,30]. Three kinds of
them were chosen for the experiment, i.e., Cyclosporine A (inhibiting
mPTP opening), resveratrol (attenuating ROS production), and
polydatin (activating SIRT1/3).

Administration of mitochondrial protectors (CsA, Res, PD)
could partially recover the morphologic mitochondrial damage
of ASMC, especially in the PD-treated group; the ATP content of
ASMC reached 90.7% =+ 7.5% of the control value, the MAP increased
from 47.23 mmHg * 11.20 mmHg in shock group to 89.38 mmHg
+ 16.31 mmHg in PD-treated group 24 h after treatment, and the
24-h rat survival rate enhanced from 0/8 in shock group to 5/8 in
PD-treated group [10]. Polydatin has the therapeutic effect both on
circulatory disorder and on cellular injury during severe shock [38-
43]. Polydatin has obtained the permission of CFDA (China Food
and Drug Administration) and FDA (America) for clinical trials in
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China and America, respectively [9].
Conclusion

In summary, mitochondrial damage causes the depletion of
ASMC ATP level and activation of K, . channels, which induces

ATP
ASMC hyperpolarization with refractory hypotension during severe

shock. On the other hand, refractory hypotension after anti-shock
therapy is also a clinical sign for diagnosis of subcellular injury during
severe shock, since refractory hypotension implies a morphologic
injury of arteriolar smooth muscle cells. Protecting and repairing
dysfunction is a new way to treatment of severe shock.

Funding

This work was supported by the National Science Foundation of
China (No. 3880933, No. 39270852, No. 39830400, No. 30070735,
No. 30672179), Chinese National Programs for High Technology
Research and Development (Z18-02), and National Key Science and
Technology Project (20112X09101-002-08).

References

1. Shetty RM, Udupa AN. Advanced cardiovascular support in refractory shock.
Indian J Respir Care. 2018; 7.

2. Smith LL, Moore FD. Refractory hypotension in man -- is this irreversible
shock? New Engl J Med. 1962; 267: 733-742.

3. Gotmaker R, Peake SL, Forbes A, Bellomo R. Mortality is greater in septic
patients with hyperlactatemia than with refractory hypotension. Shock. 2017;
48: 294-300.

4. Torgersen C, Luckner G, Schréder DC, Schmittinger CA, Rex C, Ulmer H, et
al. Concomitant arginine-vasopressin and hydrocortisone therapy in severe
septic shock: association with mortality. Intensive Care Med. 2011; 37: 1432-
1437.

5. Jenkins CR, Gomersall CD, Leung P, Joynt GM. Outcome of patients
receiving high dose vasopressor therapy: a retrospective cohort study.
Anaesth Intensive Care. 2009; 37: 286-289.

6. Jenkins LC, Dodds WA, Graves HB. Clinical, biochemical, and haemodynamic
studies in man during refractory hypotension. Can Anaesth Soc J. 1965; 12:
1-10.

7. Zhao KS, Junke D, Delano FA, Zweifach BW. Microvascular adjustments
during irreversible hemorrhagic shock in rat skeletal muscle. Microvasc Res.
1985; 30: 143-153.

8. Zhao KS. Hemorheologic events in severe shock. Biorheology. 2005; 42:
463-477.

9. Zhao KS. Fifty years in shock research. In: Zhao KS, et al. eds. Advances
in the mechanism of cardio-celebral disease. Research Signpost: Kerala
(India). 2018: 1-40.

10. Wang X, Song R, Bian HN, Brunk UT, Zhao M, Zhao KS. Polydatin, a natural
polyphenol, protects arterial smooth muscle cells against mitochondrial
dysfunction and lysosomal destabilization following hemorrhagic shock. Am J
Physiol Regul Integr Comp Physiol. 2012; 302: R805-R814.

11. Pan BX, Zhao GL, Huang XL, Zhao KS. Mobilization of intracellular calcium
by peroxynitrite in arteriolar smooth muscle cells from rats. Redox Rep 2004;
9: 49-55.

12. Pan BX, Zhao GL, Huang XL, Zhao KS. Calcium mobilization is required
for peroxynitrite-mediated enhancement of spontaneous transient outward
currents in arteriolar smooth muscle cells. Free Radic Biol Med. 2004; 37:
823-838.

13.Pan BX, Zhao GL, Huang XL, Jin JQ, Zhao KS. Peroxynitrite induces
arteriolar smooth muscle cells membrane hyperpolarization with arteriolar
hyporeactivity in rats. Life Sci. 2004; 74: 1199-1210.

14. Zhao G, Zhao Y, Pan B, Liu J, Huang X, Zhang X, et al. Hypersensitivity of

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

BKCa to Ca* sparks underlies hyporeactivity of arterial smooth muscle in
shock. Circ Res. 2007; 101: 493-502.

Zhao Q, Zhao KS. Inhibition of L-type calcium channels in arteriolar smooth
muscle cells is involved in the pathogenesis of vascular hyporeactivity in
severe shock. Shock. 2007; 28: 717-721.

Liu J, Zhao KS. The ATP-sensitive K+ channel and membrane potential in the
pathogenesis of vascular hyporeactivity in severe hemorrhagic shock. Chin J
Trauma. 2000; 3: 39-44.

Liu J, Zhao K.S, Jin CH, Huang QB. Effect of intracellular acidosis on the
pathogenesis of vascular hyporeactivity in severe hemorrhagic shock. Crit
Care Shock. 1999; 3: 112-118.

Zhao K, Liu J, Jin C. The role of membrane potential and calcium kinetic
changes in the pathogenesis of vascular hyporeactivity during severe shock.
Chin Med J. 2000; 113: 59-64.

Zhao KS, Huang X, Liu J, Huang Q, Jin C, Jiang Y, et AL. New approach to
treatment of shock--restitution of vasoreactivity. Shock. 2002; 18: 189-192.

Szabé C, Salzman AL. Inhibition of ATP-activated potassium channels exerts
pressor effects and improves survival in a rat model of severe hemorrhagic
shock. Shock. 1996; 5: 391-394.

Fink MP. Cytopathic hypoxia. Is oxygen use impaired in sepsis as a result
of an acquired intrinsic derangement in cellular respiration? Crit Care Clin.
2002; 18: 165-175.

Voelckel WG, Wenzel V. Managing hemorrhagic shock: fluids on the way out-
-drugs on the way in? Crit Care Med. 2003; 31: 2552-2553.

Pickkers P, Jansen Van Rosendaal AJ, Van Der Hoeven JG, Smits P. Activation
of the ATP-dependent potassium channel attenuates norepinephrine-induced
vasoconstriction in the human forearm. Shock. 2004; 22: 320-325.

Fink MP. Cytopathic hypoxia. Mitochondrial dysfunction as mechanism
contributing to organ dysfunction in sepsis. Crit Care Clin. 2001; 17: 219-237.

Chaudry IH, Hubband WJ, Schuacha MG. Alterations in mitochondrial
function flowing shock. Shock. 2005; 23: 1.

Sayeed MM. Mitochondrial dysfunction in sepsis: a familiar song with new
lyrics. Crit Care Med. 2002; 30: 2780-2781.

Way CWV, Dhar A, Morrison DC, Longorio MA, Maxfield DM. Cellular
energetics in hemorrhagic shock: restoring adenosine triphosphate to the
cells. J Trauma. 2003; 54: S169-S176.

Song R, Bian H, Wang X, Huang X, Zhao KS. Mitochondrial injury underlies
hyporeactivity of arterial smooth muscle in severe shock. Am J Hypertens.
2011; 24: 45-51.

Zhao KS, Song R, Wang XM. Mitochondrial dysfunction in severe hemorrhagic
shock. Advances in Medicine and Biology. 2014; 77: 119-133.

Zheng ZH, Xu SQ, Zhao KS. Protection against mitochondrial and cell
damage a new approach to treat severe hemorrhagic shock. Advances in
Medicine and Biology. 2017; 110: 61-93.

Wang X, Song R, Chen Y, Zhao M, Zhao KS. Polydatin--a new mitochondria
protector for acute severe hemorrhagic shock treatment. Expert Opin Investig
Drugs. 2013; 22: 169-179.

Zeng Z, Chen Z, Xu S, Song R, Yang H, Zhao KS. Polydatin alleviates small
intestine injury during hemorrhagic shock as a SIRT1 activator. Oxid Med Cell
Longev. 2015; 965961: 1-13.

Zeng Z, Chen Z, Xu S, Zhang Q, Wang X, Gao Y, et al. Polydatin protecting
kidneys against hemorrhagic shock-induced mitochondrial dysfunction via
SIRT1 activation and p53 deacetylation. Oxid Med Cell Longev. 2016; 2016:
1737185.

Xu S, Gao Y, Zhang Q, Wei S, Chen Z, Dai X, et al. SIRT1/3 Activation by
Resveratrol Attenuates Acute Kidney Injury in a Septic Rat Model. Oxid Med
Cell Longev. 2016; 7296092.

Li P, Liu Y, Burns N, Zhao KS, Song R. SIRT1 is required for mitochondrial
biogenesis reprogramming in hypoxic human pulmonary arteriolar smooth
muscle cells. Inter J Mol Med. 20107; 39: 1127-1136.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Pharmacol Ther 9(2): id1131 (2021) - Page - 03


https://www.ijrc.in/article.asp?issn=2277-9019;year=2018;volume=7;issue=2;spage=67;epage=72;aulast=Udupa
https://www.ijrc.in/article.asp?issn=2277-9019;year=2018;volume=7;issue=2;spage=67;epage=72;aulast=Udupa
https://pubmed.ncbi.nlm.nih.gov/13914332/
https://pubmed.ncbi.nlm.nih.gov/13914332/
https://pubmed.ncbi.nlm.nih.gov/28248722/
https://pubmed.ncbi.nlm.nih.gov/28248722/
https://pubmed.ncbi.nlm.nih.gov/28248722/
https://pubmed.ncbi.nlm.nih.gov/21779849/
https://pubmed.ncbi.nlm.nih.gov/21779849/
https://pubmed.ncbi.nlm.nih.gov/21779849/
https://pubmed.ncbi.nlm.nih.gov/21779849/
https://pubmed.ncbi.nlm.nih.gov/19400494/
https://pubmed.ncbi.nlm.nih.gov/19400494/
https://pubmed.ncbi.nlm.nih.gov/19400494/
https://pubmed.ncbi.nlm.nih.gov/14298357/
https://pubmed.ncbi.nlm.nih.gov/14298357/
https://pubmed.ncbi.nlm.nih.gov/14298357/
https://pubmed.ncbi.nlm.nih.gov/2931578/
https://pubmed.ncbi.nlm.nih.gov/2931578/
https://pubmed.ncbi.nlm.nih.gov/2931578/
https://pubmed.ncbi.nlm.nih.gov/16369084/
https://pubmed.ncbi.nlm.nih.gov/16369084/
https://pubmed.ncbi.nlm.nih.gov/22277937/
https://pubmed.ncbi.nlm.nih.gov/22277937/
https://pubmed.ncbi.nlm.nih.gov/22277937/
https://pubmed.ncbi.nlm.nih.gov/22277937/
https://pubmed.ncbi.nlm.nih.gov/15035827/
https://pubmed.ncbi.nlm.nih.gov/15035827/
https://pubmed.ncbi.nlm.nih.gov/15035827/
https://pubmed.ncbi.nlm.nih.gov/15384203/
https://pubmed.ncbi.nlm.nih.gov/15384203/
https://pubmed.ncbi.nlm.nih.gov/15384203/
https://pubmed.ncbi.nlm.nih.gov/15384203/
https://pubmed.ncbi.nlm.nih.gov/14697404/
https://pubmed.ncbi.nlm.nih.gov/14697404/
https://pubmed.ncbi.nlm.nih.gov/14697404/
https://pubmed.ncbi.nlm.nih.gov/17641230/
https://pubmed.ncbi.nlm.nih.gov/17641230/
https://pubmed.ncbi.nlm.nih.gov/17641230/
https://pubmed.ncbi.nlm.nih.gov/17607159/
https://pubmed.ncbi.nlm.nih.gov/17607159/
https://pubmed.ncbi.nlm.nih.gov/17607159/
https://pubmed.ncbi.nlm.nih.gov/11882266/
https://pubmed.ncbi.nlm.nih.gov/11882266/
https://pubmed.ncbi.nlm.nih.gov/11882266/
https://pubmed.ncbi.nlm.nih.gov/11775213/
https://pubmed.ncbi.nlm.nih.gov/11775213/
https://pubmed.ncbi.nlm.nih.gov/11775213/
https://pubmed.ncbi.nlm.nih.gov/12166785/
https://pubmed.ncbi.nlm.nih.gov/12166785/
https://pubmed.ncbi.nlm.nih.gov/8799949/
https://pubmed.ncbi.nlm.nih.gov/8799949/
https://pubmed.ncbi.nlm.nih.gov/8799949/
https://pubmed.ncbi.nlm.nih.gov/11910729/
https://pubmed.ncbi.nlm.nih.gov/11910729/
https://pubmed.ncbi.nlm.nih.gov/11910729/
https://journals.lww.com/ccmjournal/Citation/2003/10000/Managing_hemorrhagic_shock__Fluids_on_the_way.22.aspx
https://journals.lww.com/ccmjournal/Citation/2003/10000/Managing_hemorrhagic_shock__Fluids_on_the_way.22.aspx
https://pubmed.ncbi.nlm.nih.gov/15377886/
https://pubmed.ncbi.nlm.nih.gov/15377886/
https://pubmed.ncbi.nlm.nih.gov/15377886/
https://pubmed.ncbi.nlm.nih.gov/11219231/
https://pubmed.ncbi.nlm.nih.gov/11219231/
https://pubmed.ncbi.nlm.nih.gov/12483077/
https://pubmed.ncbi.nlm.nih.gov/12483077/
https://pubmed.ncbi.nlm.nih.gov/12768121/
https://pubmed.ncbi.nlm.nih.gov/12768121/
https://pubmed.ncbi.nlm.nih.gov/12768121/
https://pubmed.ncbi.nlm.nih.gov/20940715/
https://pubmed.ncbi.nlm.nih.gov/20940715/
https://pubmed.ncbi.nlm.nih.gov/20940715/
https://pubmed.ncbi.nlm.nih.gov/23241098/
https://pubmed.ncbi.nlm.nih.gov/23241098/
https://pubmed.ncbi.nlm.nih.gov/23241098/
https://www.hindawi.com/journals/omcl/2015/965961/
https://www.hindawi.com/journals/omcl/2015/965961/
https://www.hindawi.com/journals/omcl/2015/965961/
https://pubmed.ncbi.nlm.nih.gov/27057271/
https://pubmed.ncbi.nlm.nih.gov/27057271/
https://pubmed.ncbi.nlm.nih.gov/27057271/
https://pubmed.ncbi.nlm.nih.gov/27057271/
https://www.hindawi.com/journals/omcl/2016/7296092/
https://www.hindawi.com/journals/omcl/2016/7296092/
https://www.hindawi.com/journals/omcl/2016/7296092/
https://pubmed.ncbi.nlm.nih.gov/28339017/
https://pubmed.ncbi.nlm.nih.gov/28339017/
https://pubmed.ncbi.nlm.nih.gov/28339017/

Zhao K Austin Publishing Group

36.Li P, Wang X, Zhao M, Song R, Zhao KS. Polydatin protects hepatocytes 41. Zhu ZJ, Zhao KS, Wu KY. The improvement of microcirculation in rat with
against mitochondrial injury in acute severe hemorrhagic shock via SIRT1- irreversible hemorrhagic shock by crystal No4 polygonum cuspidatum
SOD2 pathway. Expert Opin Ther Targets. 2015; 19: 997-1010. “Microcirculation-an update”. In: Tsuchiya M, Asano M, Mishima, Y, Oda M

i o eds. Elsevier Science Publishers. 1987; 1: 583-584.
37.Chen YY, Wang XM, Song R, Zhao KS. Changes of platelet mitochondria in

rats with severe hemorrhagic shock and intervention effect of Polydatin. Chin 42.Zhao KS, Zhu ZJ, Wu KY, Huang XL. Importence of enhancing cardiac

J Trauma. 2013; 29: 882-888. function in the treatment of burn shock - Effect of crystal No4 of Polygounm
. X . cuspidate. In: Sheng C, Zhu Z, eds. Advances in burns. Interl Acad Pub:
38. Zhao KS, Jin C, Huang X, Liu J, Yan WS, Huang Q, et al. The mechanism of Beijing. 1991: 31-38.

Polydatin in shock treatment. Clin Hemorheol Microcirc. 2013; 29: 211-217.

i . i 43. Jin CH, Zhao KS. The effects and mechanism of polydatin in shock treatment,
39.Zeng Z,Chen Z, Li T, Zhang J, Gao Y, Xu S, et al. Polydatin: a new therapeutic In Zhao KS, Xu Q eds. “Molecular mechanism of severe shock”. Research
agent against multiorgan dysfunction. J Surg Res. 2015; 198: 192-199. Signpost. 2019: 192-223

40. Zhao KS, Zhu ZJ, Wu KY. Effect of crystal No4 of polygonum cuspidatum
on cardiac function of rat with hemorrhage shock. J Med coll PLA. 1990; 5:
12-16.

Submit your Manuscript | www.austinpublishinggroup.com Austin J Pharmacol Ther 9(2): id1131 (2021) - Page - 04


https://pubmed.ncbi.nlm.nih.gov/26073907/
https://pubmed.ncbi.nlm.nih.gov/26073907/
https://pubmed.ncbi.nlm.nih.gov/26073907/
https://pubmed.ncbi.nlm.nih.gov/23241098/
https://pubmed.ncbi.nlm.nih.gov/23241098/
https://pubmed.ncbi.nlm.nih.gov/23241098/
https://pubmed.ncbi.nlm.nih.gov/14724344/
https://pubmed.ncbi.nlm.nih.gov/14724344/
https://pubmed.ncbi.nlm.nih.gov/26095424/
https://pubmed.ncbi.nlm.nih.gov/26095424/
https://pubmed.ncbi.nlm.nih.gov/2804740/
https://pubmed.ncbi.nlm.nih.gov/2804740/
https://pubmed.ncbi.nlm.nih.gov/2804740/

	Title
	Abstract
	Introduction
	ASMC Hyperpolarization is the Basis for Pathogenesis of Refractory Hypotension during Severe Shock
	The Activation of KATP Channel Leads to ASMC Hyperpolarization during Severe Shock
	The Reason for the Depletion of ATP Content in ASMC during Severe Shock 
	The Evidence for Mitochondrial Damage Leading to ATP Depletion of ASMC during Severe Shock
	Protecting and Repairing Mitochondrial Dysfunction is a New Approach to Treatment of Severe Shock 
	Conclusion
	Funding
	References

