
NEURO-PROTECTIVE AGENTS AND USES THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application claims priority from Chinese patent application 

number 201410170263.7 filed on 25 April 2014, the disclosure of which is 

incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to a novel pharmaceutical usage of 

compound 5a-androstane-3|3,5,6p-triol and analogs thereof. 

BACKGROUND 

[0003] Atmospheric pressure and oxygen partial pressure decrease as the 

altitude rises. Low level of partial pressure of oxygen in inspired air results in the 

decrease of arterial blood oxygen partial pressure, decrease of oxygen content, 

and insufficient oxygen delivery to tissues. This condition, which is called hypobaric 

hypoxia (HH), mainly occurs in high altitude areas, and thus is also referred to as 

high altitude hypoxia. 

[0004] Acute Hypobaric Hypoxia occurs when one reaches an area with an 

altitude of over 2500 meters. If one can not acclimate such an environmental 

change, he or she may suffer successively from High-Altitude Headache (HAH) 

and Acute Mountain Sickness (AMS). Moreover, AMS may further develop into 

High-Altitude Cerebral Edema (HACE) and High-Altitude Pulmonary Edema 

(HAPE). A large number of reports have showed that clinical features caused by 

altitude sicknesses include neurological symptoms such as headache, polylogia, 

insomnia, gait disturbance, impaired mental ability, somnolence, mental numbness 

and ataxia. 

[0005] Current therapeutics for altitude sicknesses majorly was focus on the 

improvement of oxygen delivery, and cytokines or inflammatory responses. A 

representative drug of the former is acetazolamide, a carbonic anhydrase inhibitor. 
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Exemplary drugs of the latter include glucocorticoids and some antioxidants 

(Wright A, Brearey S, Imray C. High hopes at high altitudes: pharmacotherapy for 

acute mountain sickness and high-altitude cerebral and pulmonary oedema. Expert 

Opin Pharmacother 2008 Jan;9(1):119-27). There has been no report regarding 

use of a neuro-protective agent for treating altitude sicknesses. 

[0006] Chinese Patent No. ZL 2010 1 0224173.3 to Sun Yat-Sen University 

disclosed a newly discovered neuro-protective agent, 5a-androstane-3(3,5,6(B-triol, 

having a formula of: 

[0007] The present inventors surprisingly found that 

5a-androstane-3(3,5,6(3-triol and its analogs could significantly improve the 

neurological scores in individuals with hypobaric hypoxia treatment and protect the 

brain from pathological damage caused by hypobaric hypoxia. These compounds 

are prospective for use in prophylaxis or treatment of altitude sicknesses caused by 

hypobaric hypoxia. 

SUMMARY 

[0008] An objective of the present invention is to provide the use of a 

3(B,5a,6(3-trihydroxyI steroid compound having formula A or a pharmaceutically 

acceptable salt thereof in the preparation of a pharmaceutical composition for the 

prophylaxis or treatment of an altitude sickness caused by hypobaric hypoxia: 
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wherein R1 is H or a linear or branched alkyl or terminal alkenyl having 1 to 5 

carbon atoms. 

[0009] In one embodiment, R1 is H, and the compound is 

5a-androstane-3(3,5,6|3-triol (also abbreviated as YC-6 herein). 

[0010] In one embodiment, the altitude sickness is an acute altitude sickness 

caused by high-altitude acute hypobaric hypoxia. 

[0011] In another embodiment, the altitude sickness is high-altitude cerebral 

edema and particularly high-altitude cerebral angioedema. 

[0012] In another embodiment, the altitude sickness is neuron damage, 

specifically neuron degeneration damage including neuron damages caused by 

high-altitude acute hypobaric hypoxia and high-altitude chronic hypobaric hypoxia. 

[0013] In another embodiment, the pharmaceutical composition further 

comprises an additional component for the prophylaxis or treatment of an altitude 

sickness caused by hypobaric hypoxia, such as carbonic anhydrase inhibitors (e.g., 

acetazolamide), glucocorticoids or antioxidants. 

[0014] In the present invention, a non-human primate hypobaric hypoxia 

model has demonstrated that 5a-androstane-3(3,5,6(3-triol significantly improves the 

neurological scores in hypobaric hypoxia treatment groups and protects the brain 

from pathological damage caused by hypobaric hypoxia, indicating prophylaxis or 

treatment effects against high-altitude cerebral edema (AMS) and high-altitude 

pulmonary edema (HACE). 

[0015] Further researches reveal that the increase of cerebral water content 

caused by hypobaric hypoxia is effectively blocked by 5a-androstane-3|3,5,6|3-triol. 

Vasogenic brain edema and neuronal vacuolar degeneration caused by hypobaric 

hypoxia is reduced by 5a-androstane-3[3,5,6(3-triol by pathologic analysis with 

electron microscopy and HE staining. 

[0016] In another embodiment, R1 is -CH(CH3)(CH2)3CH(CH3)2, so the 

compound is cholestane-3(B,5a,6(3-triol (Compound I). Chinese Patent No. ZL 
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200810198703.4 to Sun Yat-sen University disclosed that Compound I was also 

neuron-protective. Similarly, we found the compound could also effectively reduce 

vasogenic brain edema and neuronal vacuolar degeneration caused by hypobaric 

hypoxia. The Compound I has the formula of: 

[0017] Chinese Patent No. ZL 201110061235.8 disclosed the neuron 

protection effects of other compounds within the formula A. We also found that 

these compounds were effective in reducing vasogenic brain edema caused by 

hypobaric hypoxia, blocking elevation of brain water content, and protecting from 

neuronal vacuolar degeneration caused by hypobaric hypoxia. 

[0018] In the embodiments where R1 is -CHCH2CH3, -CH(CH3)2 or 

-CH(CH2)3CH3, the compound is 17-propylidene-androstane-3P,5a,6P-triol 

(Compound II), 17-isopropyl- androstane-3(3,5a,6(3-triol (Compound III), or 

17-butyl-androstane-3(3,5a,63-triol (Compound IV), respectively. 

[0019] Another objective of the present invention is to provide a method for the 

prophylaxis or treatment of an altitude sickness caused by hypobaric hypoxia, 

comprising administering to a subject in need thereof an effective amount of a 

3|3,5a,6|3-trihydroxyl steroid compound having formula A or a pharmaceutically 

acceptable salt thereof: 

wherein R1 is H or a linear or branched alkyl or terminal alkenyl having 1 to 5 

carbon atoms. 

HO 

OH 

R1 

(Formula A), 
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[0020] In one embodiment, R1 is H, and the compound is 

5a-androstane-3(3,5,6(3-triol (also abbreviated as YC-6 herein). In another 

embodiment, R1 is -CH(CH3)(CH2)3CH(CH3)2, the compound is thus 

cholestane-3(3,5a,6(3-triol (Compound I). In other embodiments, R1 is -CHCH2CH3, 

-CH(CH3)2 or -CH(CH2)3CH3, the compound is 

17-propylidene-androstane-3(3,5a,6p-triol (Compound II), 17-isopropyl-

androstane-3(3,5a,6(3-triol (Compound III), or 17-butyl-androstane-3(B,5a,6|3-triol 

(Compound IV), respectively. 

[0021] In embodiments of the invention, the altitude sickness is selected from 

a group consisting of an acute altitude sickness, high-altitude cerebral edema, 

neuron damage caused by acute hypobaric hypoxia and neuron damage caused 

by chronic hypobaric hypoxia. 

[0022] In embodiments of the invention, the subject is mammalian, for 

example a human being. 

[0023] 5a-androstane-3|3,5,6(3-triol and its analogs structurally belong to 

3(3,5a,6[3-trihydroxyl steroids and are effective to protect neurons. The present 

inventors found that those compounds were effective in the prophylaxis or 

treatment of an altitude sickness caused by hypobaric hypoxia. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1: Neurological score was significantly improved in Macaca 

fascicularis by 5a-androstane-3|3,5,6(B-triol after acute hypobaric hypoxia exposure. 

* P<0.05, 5a-androstane-3(3,5,6(3-triol treatment group vs. solvent control. 

[0025] Fig. 2: Vasogenic edema of cerebral cortex tissue in Macaca 

fascicularis caused by acute hypobaric hypoxia was reduced by 

5a-androstane-3(3,5,6(3-triol (transmission electron microscope, 3900x). Con: plain 

control; H/R+V: solvent control; H/R+YC-6: 5a-androstane-3(3,5,6(B-triol treatment 

group. Thick arrows indicate capillary vessels in the cortical tissue of the frontal 

lobe and thin arrows indicate the Virchow-Robin spaces (VRS). 

[0026] Fig. 3: Degeneration of neurons of cerebral cortex in Macaca 

fascicularis caused by acute hypobaric hypoxia was reduced by 
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5a-androstane-3[3,5,6f3-triol (HE staining, 400x). Con: plain control; H/R+V: solvent 

control; H/R+YC-6: 5a-androstane-3(B,5,6(3-triol treatment group. Arrows indicate 

neurons undergone degeneration. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] The present invention will be described in more detail in reference to 

specific examples. It should be understood that the scope of the invention will not 

be limited by the examples. 

Verification of the new usage of 5a-androstane-3B,5.6B-triol 

1. Animals 

[0028] 17 healthy male Macaca fascicularis, 6 to 6.5 years-old, weighted 

6.8-7.5 kg, were used. The use of laboratory animals is approved by Committee of 

laboratory animal management and use and experimental animal ethics committee. 

The experiment scheme complies with rules concerning animal protection, animal 

welfare and ethical principles. The 17 Macaca fascicularis were grouped randomly 

into 3 groups (Table 1). 

Table 1. Animal Grouping 

Group Treatment 

1 (n=6) Plain control: normobaric normoxia 

2 (n=5) 
Solvent control: glucose saline (simulating acute high-altitude hypoxia 

at 7,500m altitude) 

3 (n=6) 
5a-androstane-3(3,5,6(B-triol treatment: 10 mg/kg 

5a-androstane-3(B,5,6(B-triol (simulating acute high-altitude hypoxia at 

7,500m altitude) 

2. Principle apparatus and parameters 

[0029] The low pressure chamber group is a platform used to simulate low 

temperature and low pressure plateau environment. The system can be 

manipulated to simulate a low pressure environment having any altitude below 

10000 meters and any temperature above -30 °C. The ascending velocity: 3 
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m/second (0 to 6000 m); descending velocity: 2 m/second (6000 m to 7500 m); 

constant temperature: 22 °C; average air flow velocity: 150 m3/h. 

3. Modeling of acute hypobaric hypoxia in Macaca fascicularis and drug 

administering 

[0030] (1) An altitude of 7,500 meters was simulated by manipulation of the 

low-pressure chamber to cause acute hypoxia in Macaca fascicularis. 

[0031] The Macaca fascicularis raised in the laboratory animal housing were 

labeled and transferred to the low-pressure chamber. The Macaca fascicularis was 

fed for 1 more day in the chamber in order to make them adapt to the experimental 

environment. The pressure in the low-pressure chamber was adjusted to simulate 

altitudes of 3,000, 4,500, and 6,000 meters, staying at each altitude for 30 minutes, 

followed by simulation of an altitude of 7,000 meters for 24 hours. The animals 

were then treated with drugs individually at pre-determined doses. After treatment 

at 7,500 meters for 48 hours, the altitude was decreased to 6,000 meters at a 

velocity of 3 m/s. The animals were subject to ketamine anesthesia, sacrificed, 

dissected and subject to sampling. The samples were fixed. Animals grouped in 

plain controls were raised in an animal housing at an altitude of 350m before 

assessment and sacrifice. 

[0032] (2) The animals in 5a-androstane-3(3,5,6(3-triol treatment group were 

administered through intravenous injection 10 ml_ of 5a-androstane-3(3,5,6P-triol 

solution in glucose saline at a dosage of 10 mg/kg before simulation, after 30min at 

3,000 meters, and after 30min at 4,500 meters, respectively. The animals in solvent 

control group were given 10 mL of glucose saline through intravenous injection. 

[0033] (3) The animals in 5a-androstane-3(3,5,6(3-triol treatment group were 

administered by skeletal muscle injection at 5 different points with 

5a-androstane-3|3,5,6[3-triol sustained-release formulation at a dosage of 30 mg/kg 

after 30 min at 6,000 meters. Acute plateau hypoxia models were administered 10 

mL of glucose saline through intravenous injection. 

[0034] (4) The animals in 5a-androstane-3(3,5,6(B-triol treatment group were 

administered through intravenous injection 10 mL of 5a-androstane-3(B,5,6|B-triol 

injection in glucose saline at a dosage of 10 mg/kg after 24 hours at 7,500 meters, 
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and further by skeletal muscle injection at 5 different points with 

5a-androstane-3(3,5,6(3-triol sustained-release formulation at a dosage of 30 mg/kg. 

Acute plateau hypoxia models were administered 10 mL of glucose saline through 

intravenous injection. 

4. Evaluation Index 

4.1 Neurological scores 

[0035] Animals were stayed at simulated altitude of 7,500 meters for 24 hours 

before descending to 6,000 meters at a speed of 3 m/s. The neurological scores 

were evaluated and recorded according to a reported method (Zhu et al, An 

improved method of neurological score for non-human primates, Chinese Journal 

of Comparative Medicine, 2011, 21 (9): 58-62). The neurological score was 

evaluated and recorded by two trained observers who were neither aware of the 

grouping nor involved in the drug administering. The score was obtained as a mean 

value. 

4.2 Measurement of cerebral water content of left hemisphere 

[0036] Cerebral water content was measured according to a reported method 

(Patir H, Sarada SK, Singh S, Mathew T, Singh B, Bansal A. Quercetin as a 

prophylactic measure against high altitude cerebral edema. Free Radic Biol Med 

2012 Aug 15;53(4):659-68). Animals stayed at the simulated altitude of 7,500 

meters for 48 hours in the low-pressure chamber and animals of the plain control 

were narcotized and sacrificed by technicians who were neither aware of the 

grouping nor involved in the drug administering. Brains of the animals were rapidly 

taken out and the wet weights of the left hemispheres were measured. The left 

hemispheres were then placed in a drying oven at 60 °C, and were measured their 

weights daily at a fixed time until no weight change was observed. The end weights 

were recoded. The cerebral water content = (wet weight of the left hemisphere -

dry weight of the left hemisphere) / wet weight of the left hemisphere ><100%. 

4.3 Transmission electron microscopy of the cortical tissue of the frontal lobe 

[0037] The cortical tissues of the frontal lobes of the animals were taken out 

and cut to provide brain pieces of 1 mm3, which were fixed in a stationary liquid of 
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2.5% glutaraldehyde to prepare ultrathin sections. The morphology of neurons and 

the structure of blood vessels were observed by transmission electron microscopy. 

4.4 HE staining of the cortical tissue of the frontal lobe 

[0038] The cortical tissues of the frontal lobes of the animals were taken out 

and cut to provide blocks of 1 cm3, which were fixed in 4% paraformaldehyde. 

Paraffin embedding, sectioning, and haematoxylin-eosin staining were then 

conducted according to conventional HE staining procedures followed by 

observation under microscope. 

4.5 Statistics 

[0039] The results were indicated as mean ± standard deviation, and 

statistically analyzed by software SigmaPlot. P<0.05 indicates statistical 

significance. 

[0040] The results demonstrated that neurological function of the Macaca 

fascicularis in a hypobaric hypoxia environment was significantly protected by 

5a-androstane-3(B,5,6(3-triol. Animals stayed at the simulated altitude of 6,000 

meters for 30 minutes in the low-pressure chamber significantly reduced their 

actions and activities, and also their reactions to intimidating and stimulus. After 

ascending the simulated altitude to 7,500 meters for 24 hours, the Macaca 

fascicularis in the solvent control showed significant consciousness inhibition, 

greatly reduced actions and activities, and dysfunction in their moving system and 

sensing system, with a neurological score of 31.6 ± 4.2. By contrast, the 

neurological score of the animals in the 5a-androstane-3(B,5,6(B-triol treatment 

group was 20.5 ± 5.7 (P<0.01), indicating that their neurological function was 

effectively protected (Fig. 1). 

[0041] Increased cerebral water content of the Macaca fascicularis in a 

hypobaric hypoxia environment was significantly reduced by 

5a-androstane-3(3,5,6(B-triol. As showed by the calculated cerebral water content, 

the cerebral water content of the Macaca fascicularis in the plain control was 

76.155%. By contrast, after treatment in the simulated altitude of 7,500 meters for 

48 hours in the low-pressure chamber, the cerebral water content of the Macaca 

fascicularis in the solvent control was increased to 76.714% (P <0.05). In situation 
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where 5a-androstane-3(3,5,6(3-triol was administered before ascending to 7,500 

meters, and 5a-androstane-3(3,5,6(3-triol was administered again after maintaining 

at 7,500 meters for 24 hours, the cerebral water content of the Macaca fascicularis 

was decreased to 76.283% (P <0.05), demonstrating that administration of 

5a-androstane-3[3,5,6|3-triol can inhibit the increase of cerebral water content of the 

Macaca fascicularis in an acute hypobaric hypoxia environment (Table 2). 

Table 2. Influence of 5a-androstane-3(3,5,6(3-triol on the cerebral water content 

of the Macaca fascicularis in a hypobaric hypoxia environment 

Group Cerebral Water Content (%) 

Plain control 76.155 ±0.302 

Solvent control 76.714 ± 0.262 # 

5a-androstane-3(3,5,6(3-triol treatment 76.283 ± 0.235 * 

#: Compared with plain control, P<0.05; 

*: Compared with solvent control, P<0.05. 

[0042] Vasogenic edema caused by hypobaric hypoxia was reduced by 

5a-androstane-3f3,5,6f3-triol. As observed under transmission electron microscope, 

the capillary vessels in cortical tissue of frontal lobe of the Macaca fascicularis in 

the solvent control showed significantly broadened Virchow-Robin space (VRS) at 

its outside as compared with the plain control, indicating severe vasogenic edema 

leakage. However, the brain tissue of the Macaca fascicularis treated by 

5a-androstane-3p,5,60-triol showed Virchow-Robin space that tending to be 

normal, indicating that no significant vasogenic edema occurred (Fig. 2). 

[0043] Neuronal vacuolar degeneration caused by hypobaric hypoxia was 

reduced by 5a-androstane-3(3,5,6(3-triol. As observed after HE staining, the cortical 

tissue of the frontal lobe in the solvent control showed significantly loosened 

structure, with edematous fluid appearing around the vessel and oppressing the 

lumen, and also showed partly neuronal degeneration with shrinking somas and 

pyknotic nucleus, indicating a vacuolar degeneration (indicated by arrows). The 

5a-androstane-3(3,5,6(3-triol treatment group showed no significant vasogenic 

edema, and reduced neuronal vacuolar degeneration similar to the plain control, 
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demonstrating that 5a-androstane-3(3,5,6(3-triol protected the neurons in the 

hypobaric hypoxia environment (Fig. 3). 

Pharmaceutical composition 

[0044] Injections and sustained-release suspensions of 

5a-androstane-3(3,5,6p-triol were used in the embodiments. However, preparations 

for prophylaxis or treatment of altitude sicknesses caused by hypobaric hypoxia 

include, but are not limited to, injections, sustained-release suspensions, oral 

capsules, suppositories, subdermal implants, and attachable plasters. 

(1) Preparation of 5a-androstane-3(B,5,6|3-triol (YC-6) injection 

[0045] Preparation of 20% HP-(3-CD solution: 20.0 g of HP-(3-CD was added 

with 80 mL of normal saline, and then stirred to dissolve. Normal saline was added 

to provide a 100 ml solution. The solution was subject to refined filtration by 0.22|jm 

microporous membrane and then separately filled in 15 mL centrifuge tubes which 

were then sealed and stored at 4 °C. 

[0046] Preparation of 2 mg/ml YC-6 solution: 6.0 g of HP-|3-CD was added 

with 24 mL of deionized water, and then stirred to dissolve. 0.060 g of YC-6 was 

added to the above HP-(3-CD solution, which was then stirred to dissolve. 0.270 g 

of sodium chloride was added and then stirred to dissolve. Deionized water was 

added to provide a 30 mL solution. The solution was subject to refined filtration by 

0.22|jm microporous membrane and then separately filled in 1.5 mL Eppendorf 

tubes which were then sealed and stored at 4 °C for later use. Administration 

dosage in use for the solution is 10 ml/kg, which is equivalent to 20 mg/kg dosage 

for the drug. 

(2) Preparation of 5a-androstane-3|3,5,6(3-triol (YC-6) sustained-release 

suspensions 

[0047] The sustained-release suspensions were prepared by: YC-6 12.5g, 

glycerin 30mL, HP-(B-CD 50g, CMC-Na 0.48g, which were added with water for 

injection to be 250mL. 

[0048] Preparation of 0.8% CMC-Na solution: 0. 8g of CMC-Na was added 

into 90 mL of 90 °C water in several times, with stirring until completely added and 

dissolved. The solution was allowed to be cooled to room temperature, and then 



added with water to provide a 100mL solution. The solution was then stirred and 

subject to centrifugation at 3000r/min for 15min. The supernatant was separated for 

later use. 

[0049] Preparation of 40% HP-(3-CD solution: 80 g of HP-f3-CD was added into 

about 100mL of water, which was then stirred and dissolved. Water was added to 

provide a 200mL solution for later use. 

[0050] About 12.5g of YC-6 was placed in a container to be grinded. 30 mL of 

glycerin was added and the mixer was grinded to provide a milk white lubricant as a 

paste. 125mL of 40% HP-(B-CD aqueous solution was gradually added while being 

grinded. 60mL of 0.8% CMC-Na was added while being grinded to avoid 

generation of too many bubbles. The reaction was transferred to a volumetric flask 

which was filled with water for injection to provide a 250 mL solution followed by 

being shaken. 

Verification of the new usage of analogs of 5a-androstane-3B,5,6B-triol 

[0051] The above experiments for the model of Macaca fascicularis in acute 

hypobaric hypoxia were repeated under the same conditions except that the YC-6 

was replaced by the above compounds I, II, III and IV. As showed by the results, 

similarly, the neurological function of the Macaca fascicularis treated by 

compounds II, III and IV was effectively protected, with inhibited increase of the 

cerebral water content, and no significant angioedema. It can be seen that analogs 

of 5a-androstane-3(3,5,6(3-triol, especially compound I and the compound having 

formula A, especially compounds II, III and IV, are useful in prophylaxis or 

treatment of altitude sicknesses caused by hypobaric hypoxia. 

[0052] It should be understood that the above examples are merely preferable 

embodiments of the present invention, and the scope of the invention will not be 

limited by the examples. Variations or modifications can be made by a skilled 

person in the art based on the disclosure of the present invention without departing 

from the scope of the claims. 
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WHAT IS CLAIMED IS: 

 

1. Use of a 3β,5α,6β-trihydroxyl steroid compound having formula A or a 

pharmaceutically acceptable salt thereof in preparation of a pharmaceutical 

composition for prophylaxis or treatment of an altitude sickness caused by 

hypobaric hypoxia: 

(Formula A) 

wherein R1 is H, or a linear or branched alkyl or terminal alkenyl having 1 to 5 

carbon atoms, or R1 is -CH(CH3)(CH2)3CH(CH3)2. 

 

2. The use of claim 1, wherein R1 is H. 

 

3. The use of claim 1, wherein R1 is selected from a group consisting of 

-CHCH2CH3, -CH(CH3)2, -CH(CH2)3CH3 and -CH(CH3)(CH2)3CH(CH3)2. 

 

4. The use of claim 1, wherein the altitude sickness is an acute altitude 

sickness. 

 

5. The use of claim 1, wherein condition of the altitude sickness comprises 

high-altitude cerebral edema. 

 

6. The use of claim 5, wherein the high-altitude cerebral edema is vasogenic 

edema. 

 

7. The use of claim 1, wherein condition of the altitude sickness comprises 

neuron damage. 

 

8. The use of claim 7, wherein the neuron damage is caused by high-altitude 
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acute hypobaric hypoxia. 

 

9. The use of claim 7, wherein the neuron damage is caused by high-altitude 

chronic hypobaric hypoxia. 

 

10. The use of claim 1, wherein the pharmaceutical composition further 

comprises an additional component for the prophylaxis or treatment of an altitude 

sickness caused by hypobaric hypoxia. 

 

 


