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(57) ABSTRACT 

The invention proposes the combination of reduced glu 
tathione in a liposome (liposomal reduced glutathione) with a 
specified concentration of reduced glutathione within the 
liposome for the oral administration of a therapeutically 
effective amount to ameliorate the progression of vascular 
disease, including atherosclerosis, diabetes, hypertension, 
narrowing of arteries leading to decreased blood flow, 
ischemic events, and the formation of blood clots, abnormal 
platelet aggregation, and thrombotic events, by reducing the 
amount and effect of oxidized cholesterol, oxidized HDL and 
oxidized LDL. The invention also proposes combining lipo 
somal encapsulated glutathione with ACE inhibitors in order 
to improve the effect of lowering not only cholesterol but also 
the oxidized cholesterol as well as oxidized HDL and oxi 
dized LDL. The invention also proposes combining liposo 
mal encapsulated glutathione with lisinopril in particular. 
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Liposomal Glutathione inhibits 
AAPH-induced LDL Oxidation 
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Liposomal Glutathione inhibits Copper lon - induced 
HDL Oxidation 
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Glutathione and Glutathione Peroxidase Activity 
are present mainly on LDL, but also on HDL 
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ORALLY ADMINISTRABLE LIPOSOMALLY 
ENCAPSULATED REDUCED GLUTATHIONE, 
WITH ACE INHIBITORS FOR REVERSAL 
AND PREVENTION OF OXDATION OF 
CHOLESTEROLAND OF LOW DENSITY 

LIPOPROTEIN 

CONTINUATION DATA 

0001. This is a divisional application of pending allowed 
U.S. application Ser. No. 12/092,628 filed on May 5, 2008 as 
a section371 entry into the U.S. National stage of PCT/US06/ 
60271 filed Oct. 26, 2006 which claimed benefit and/or pri 
ority from U.S. provisional application 9 60/597,041 filed 
Nov. 6, 2005, and was a continuation in part of U.S. Utility 
patent application Ser. No. 1 1/230.277 filed on Sep. 20, 2005 
with the title of “Combination and method using EDTA com 
bined with glutathione in the reduced State encapsulated in a 
liposome to facilitate the method of delivery of the combina 
tion as an oral, topical, intra-oral or transmucosal for anti 
thrombin effect and for anti-platelet aggregation and mea 
Surement of efficacy, and a continuation-in-part of U.S. 
utility application Ser. No. 1 1/163,979 filed Nov. 6, 2005, 
now patented as U.S. Pat. No. 8,349.359, which claimed 
benefit of U.S. Provisional Appl. 60/522,785 filed Nov. 7, 
2004. 

FIELD OF INVENTION 

0002 The invention proposes the use of glutathione in the 
reduced State encapsulated in a liposome alone or in combi 
nation with cholesterollowering pharmacologic preparations 
Such as statins for treatment of vascular deficiency diseases 
related to the formation of oxidized cholesterol, and/or oxi 
dation and formation of low density lipoprotein (LDL) and of 
high density lipoprotein (HDL) that contribute to the forma 
tion of vascular disease states such as atherosclerosis and 
diabetes. 

SUMMARY OF INVENTION 

0003. The invention is the method of management of dis 
ease related to oxidation of cholesterol, low density lipopro 
tein and high density lipoprotein using an orally available 
liposomal encapsulation of reduced glutathione alone or in 
combination with pharmacologic agents and the underlying 
combination of liposomal encapsulation of reduced glu 
tathione and Such agents. The invention uses the novel finding 
that the glutathione peroxidase enzyme naturally accompa 
nies these native lipoproteins, particularly HDL and LDL 
cholesterol, to prevent the oxidative changes that are central 
mechanisms in the formation of atherosclerosis and Vascular 
disease. However, Such glutathione peroxidase requires 
either liposomal glutathione alone or in combination with 
existing pharmaceutical agents to prevent, to potentially 
reverse, and to improve symptoms of disease states related to 
the oxidation of lipids such as cholesterol, high density lipo 
protein and low density lipoprotein. This invention enables 
the prevention of oxidation of both HDL and LDL. Com 
pounds enhancing the effect of the liposomal glutathione are 
contemplated such as selenium, and HMG-CoA reductase 
inhibitors. Reference will be made to atherosclerosis, but that 
reference is not meant to be limiting, but rather to be illustra 
tive and the invention as it applies to atherosclerosis is appli 
cable to vascular disease generally, and vascular associated 
difficulties such as erectile dysfunction. Vascular disease, for 
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purposes of specification of the invention, is intended to 
include vascular disease generally, and to specifically include 
atherosclerosis, diabetes, hypertension, narrowing of arteries 
leading to decreased blood flow, ischemic events, and the 
formation of blood clots, abnormal platelet aggregation, and 
thrombotic events. 

BACKGROUND 

0004. In order to examine the problems presented by the 
background which follows, one inventor inaugurated a study 
as yet unpublished called: “The effect of liposomal glu 
tathione on the oxidation of the cholesterol components 
known as Low density lipoprotein (LDL) and high density 
lipoprotein (HDL). Observations with respect to the interac 
tion between glutathione peroxidase, liposomal reduced glu 
tathione, and HDL and LDL led to this invention. In particu 
lar, the study highlighted the importance of reduced 
glutathione in maintaining the normal state of function of 
HDL and LDL, apparently by lowering the oxidation state of 
LDL and HDL. Other antioxidants may provide indirect Sup 
port for normal function, but reduced glutathione functions 
much more efficiently and effectively. Further, it was deter 
mined that synergistic effect could beachieved by potentially 
using lower doses of statins than are usually required, reduc 
ing side effects while sustaining the intended function of the 
statin. Moreover, the addition of CoQ10 or ubiquinone could 
ameliorate one of the side effects of statins. 

0005. It was estimated in 2001 that 60 million Americans 
had heart disease (Lefkowitz). This number translates to a 
statistic that more than 1 out of every 5 individuals has heart 
disease. While an array of interventions, both medical and 
Surgical have reduced the death rates in the decade ending 
1997 by 20%, 12.2 million Americans have a history of heart 
attack, chest pain or both. With 1 million in the US dying of 
cardiovascular disease each year, it remains that nations 
leading cause of death. 
0006 Concepts of related to the development of athero 
sclerosis are evolving. Elevations of the fatty material in 
blood such as cholesterol have been associated with increased 
risk of coronary artery disease (Castelli). However, more than 
half of the individuals with coronary artery disease have total 
levels of cholesterol that are less than the level considered 
normal, that is <200 mg/dL (Lavie). Thus, additions to the 
current methods of management of atherosclerosis are 
needed to change the prevalence of this disease. 
0007 Three theories of the cause of atherosclerosis have 
emerged recently in regard to the cause of atherosclerosis. 
Their emphasis is overlapping in terms of the events neces 
sary to support the development of atherosclerosis (Stocker) 
and is reviewed in detail in Stocker's article (Stocker R. 
Keaney J FJr. Role of Oxidative Modifications in Atheroscle 
rosis. Physiological Review, Oct. 1, 2004; 84(4): 1381-1478. 
PMID: 15383655 http://physrev.physiology.org/cgi/content/ 
full/84/4/1381). 
These theories in include: 

0008 Response to injury: This refers to damage to the 
arterial lining cells called endothelial lining cells by various 
factors such as shear stress, infection and inflammation, and 
even the mechanical trauma of interventions such as arterial 
stent placement. 
0009 Response to retention: This refers to the concept that 
fatty materials such as lipoprotein retention is the inciting 
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event for atherosclerosis. The emphasis is on the retention of 
a particular lipoprotein called Low Density Lipoprotein 
(LDL). 
0010. Oxidative modification: This hypothesis focuses on 
the concept that LDL in its native, that is non-oxidized State, 
is notatherogenic. However, LDL modified by chemical reac 
tions results in the oxidized form of LDL or oxidized LDL (ox 
LDL). OxLDL is readily internalized by macrophages and 
can lead to the formation of foam cells and the sequence of 
events associated with the formation of atherosclerosis. 

0011. Oxidative modification can also be triggered by 
exposure of vascular cells to transition metals, which results 
in the oxidation modification of cholesterol, HDL and LDL. 
The concept that transition metals can trigger oxidation of 
LDL has been reviewed in the U.S. patent application Ser. No. 
1 1/230.277 by Guilford, entitled “Combination and method 
using EDTA combined with glutathione in the reduced state 
encapsulated in a liposome to facilitate the method of delivery 
of the combination as an oral, topical, intra-oral or transmu 
cosal for anti-thrombin effect and for anti-platelet aggrega 
tion and measurement of efficacy'. 
0012. The tripeptide L-glutathione (GSH) (gamma 
glutamyl-cysteinyl-glycine) is well known in biological and 
medical studies to serve several essential functions in the cells 
of higher organisms such as mammals. It is functional when 
it appears in the biochemical form known as the reduced State 
(GSH). When oxidized, it forms into a form known as a dimer 
(GSSG). 
0013 Glutathione in the reduced state (GSH) in this inven 
tion functions as the specific Substrate for the enzyme glu 
tathione peroxidase, which enzyme functions to inhibit cho 
lesterol, particularly HDL and LDL oxidation. The enzyme 
cooperates with the GSH to maintain the HDL and LDL in a 
reduced and functional state. Antioxidants such as Vitamin C 
or vitamin E will not cause that functionality. GSH also 
functions as an antioxidant, protecting cells against free-radi 
cal mediated damage, acting as a detoxifying agent by trans 
porting toxins out of cells and out of the liver, and acting as or 
facilitating cell signals, particularly in the immune system. 
GSH is particularly active with respect to 2CH radicals, 
because 2 GSH each easily substitute their S H bonds. 
Upon such substitution, the two “GS-molecules' bond to 
each other into an oxidized state forming GSSG, and the 
2OH radicals are reduced in charge and in number of free 
electrons by each hydroxyl radical bonding with an H atom 
from the thiol group of GSH. Most glutathione taken orally 
and even NAC taken orally are not presented in an intracel 
lular context as reduced glutathione. There was and is a need 
for reduced glutathione and a means of transport of reduced 
glutathione. Further, the substance to address HDL and LDL 
oxidation must be able to interact with glutathione peroxidase 
that is on the surface of the cell. 

0014. A deficiency of glutathione (reduced) may lead to 
damage to cells and tissues through several mechanisms 
including the accumulation of an excess of free radicals 
which causes disruption of molecules, especially lipids caus 
ing lipid peroxidation, and which, combined with toxin accu 
mulation, will lead to cell death. As a general term, these 
mechanisms are often referred to as oxidation or peroxida 
tion. The lack of sufficient glutathione in the reduced state 
relative to the oxidized state may be due to lack of production 
of glutathione (reduced) or an excess of the materials such as 
toxins that consume glutathione (reduced). The lack of glu 
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tathione (reduced) may manifest as a systemic deficiency or 
locally in specific cells undergoing oxidation stress. 
(0015. Hastings etal, U.S. Pat. No. 6,368,617 reference the 
combination of glutathione and CoQ10 in combination with 
7-keto dehydroepiandosterone (7-keto DHEA) for a health 
promoting combination. There is no reference for the use of 
this combining of liposomal encapsulation of reduced glu 
tathione combined with CoQ10 for prevention or treatment of 
oxidized cholesterol and its vascular effects. 
0016 Richardson et al U.S. Pat. No. 6,207,190 reference 
the use of an oral combination of at least 4 materials including 
folic acid, magnesium, lipoic acid and N-acetyl-cysteine 
which is used as a source of glutathione for the treatment of 
glaucoma, a disease of the eye. While their patent references 
the use of glutathione to stabilize Nitric Oxide (NO), there is 
no reference to its use systemically to limit damage to endot 
helial lining cells of arteries or prevent the oxidation of cho 
lesterol, HDL and LDL or the deleterious sequence of events 
that occur related to these oxidation products, nor any refer 
ence to reduced glutathione. 
0017. A review of the literature reveals one study of the 
effect of the intravenous infusion of reduced 1-glutathione 
(Intravenous refers to the method of administration of aque 
ous materials using an infusing tube inserted through a vein to 
facilitate direct venous system administration.) The study 
using the intravenous infusion of reduced glutathione given in 
a dose of 600 mg twice a day for a week Suggested that there 
may be clinical benefit to the infusion of glutathione (Arosio). 
There is no reference to the use of an orally absorbable form 
of glutathione in the article and no reference to the use of 
liposomal glutathione. The article also has no reference to the 
reduction of oxidized lipids. 
(0018. Rodriguezetal, in U.S. Pat. No. 6,773,719 reference 
the use of plain liposomes in the management of atheroscle 
rosis. The mechanism involves the removal of the excess 
lipids by the liposomes. There is no reference to using 
reduced glutathione in the liposomes, and no reference as to 
how to enable liposomal reduced glutathione to cooperate 
effectively with GpOX. The mechanism of this invention is 
not direct to removal of excess lipids. 
0019 Williams, U.S. Pat. No. 6,367,479 references the 
use of large unilaminar liposome that is single walled, 
vesicles like liposomes for the transport of cholesterol from 
arterial vessels back to the liver. However, there is no refer 
ence to liposomes containing reduced glutathione or to the 
use of liposomes containing reduced glutathione for the man 
agement of disease related to oxidation of lipids such as 
cholesterol, HDL or LDL. 
(0020 Demopoulos etal in U.S. Pat. No. 6,350,467 refer 
ences the use of a pharmaceutical preparation of a combina 
tion that includes glutathione in a powdered form for the 
treatment of atherosclerosis. However there is no reference 
for the use of the preparation for management of oxidized 
lipids such as cholesterol, HDL or LDL. There is also no 
mention of the use of the preparation in a liposome northeuse 
of reduced glutathione in a liposome. 
0021 Smith, U.S. Pat. No. 6,764,693 references the use of 
liposomes containing a combination of glutathione in com 
bination with at least one other antioxidant material to 
increase intracellular and extra cellular antioxidants. There is 
no reference to liposomes containing reduced glutathione 
which is what is needed to cooperate with glutathione peroxi 
dase in order to prevent oxidation of HDL and LDL, nor is 
there any reference to the use of liposomes containing 
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reduced glutathione for the management of disease related to 
oxidation of lipids such as cholesterol, HDL or LDL. 
0022. Meyerhoff, U.S. Pat. No. 6,469,049, Oct. 22, 2002, 
references the combination of lipoic acid and glutathione or 
CoQ10 for the management of central nervous system inju 
ries, but does not reference the use of glutathione and CoQ10 
together nor in the management of vascular disease. Like 
wise, there is no reference to the combination of glutathione, 
CoQ10 and statins, nor reduced glutathione, CoQ10 and 
statins, nor liposomal encapsulation of reduced glutathione, 
CoQ10 and statin for the management of atherosclerosis or 
elevated cholesterol or oxidized cholesterol or oxidized LDL 
or HDL 
0023 Cooke in US patent application 20020151592 ref 
erences the use of arginine or lysine to increase nitric oxide 
production for vasodilation purposes and he also references 
the use of glutathione as an antioxidant used in conjunction 
with arginine. However, there is no mention of the use of 
reduced glutathione, nor is there mention of the use of lipo 
Somal encapsulation of glutathione or reduced glutathione to 
Supply the reduced glutathione needed for maintaining 
adequate GSNO formation. The current invention is also dis 
tinguished from the reference by Cooke in that the current 
invention Supplies reduced glutathione in a form that is 
readily absorbable into the body, where plain powdered glu 
tathione is not well absorbed as reviewed in the previously 
referenced application, Guilford U.S. application Ser. No. 
1 1/163,979 filed Nov. 6, 2005. 
0024 Oxidative stress occurs when there is an imbalance 
between free radical production and antioxidant capacity 
(Penckofer). This may be due to increased free radical for 
mation in the body and/or loss of normal antioxidant 
defenses. Oxidative stress is defined as excessive production 
of reactive oxygen species (ROS) in the presence of dimin 
ished antioxidant Substances (Opara). 
0025 Reactive oxygen species (ROS) are generated as 
by-products of normal cellular metabolism, primarily in the 
mitochondria (Miyamoto), or as a result of external bio 
chemical stress or in response to inflammatory stimuli. When 
the cellular production of ROS exceeds the cells antioxidant 
capacity, cellular macromolecules such as lipids, proteins and 
DNA can be damaged. Damage to these biochemicals leads to 
the concept of oxidative stress, which is thought to contrib 
ute to aging and pathogenesis of a variety of human diseases. 
The body's defense against oxidative stress is accomplished 
by interconnecting systems of antioxidant micronutrients (vi 
tamins and minerals) and enzymes. While the vitamins act as 
donors and acceptors of ROS, minerals regulate activity of the 
enzymes (Opara). 
0026. A combination of factors cause atherosclerosis. The 
imbalance between circulation levels of cholesterol trans 
ported in HDL versus LDS is intimately associated with 
dysfunction in the lining of arteries and oxidation stress in the 
arterial wall cells. This dysfunction is closely related to 
inflammation. Dyslipidemia, oxidation stress and inflamma 
tion are closely interrelated to the development of atheroscle 
rosis. OxLDL leads to a series of inflammatory events related 
to immune modulator release from macrophages that ingest 
the oxidized lipid. It has been demonstrated that most of the 
proinflammatory properties of oxLDL result from products of 
the oxidation of LDL. This perspective gives the view that 
atherosclerosis is a chronic inflammatory disease of the arte 
rial wall mediated by oxLDL in concert with a range of 
proinflammatory agents (Kontush). Based on the unpublished 
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study by Aviram, discussed herein, called “The effect of lipo 
Somal glutathione on the oxidation of the cholesterol compo 
nents known as Low density lipoprotein (LDL) and high 
density lipoprotein (HDL), lack of available reduced glu 
tathione to maintain normal antioxidant function in LDL and 
lack of reduced glutathione to maintain the normal antioxi 
dant function of HDL appears to be intimately related to 
maintenance of normal artery function and development of 
atherosclerosis. The absence of adequate glutathione is the 
common factor resulting from dyslipidemia, and leads to 
oxidation stress. Thus adequate biochemically reduced glu 
tathione mediates the inflammation associated with athero 
Sclerosis. 
0027. The present invention, liposomal reduced glu 
tathione, offers a novel method to maintain cholesterol, LDL 
and HDL in their reduced, functional state, which will delay 
or avoid the progression of events leading to atherosclerosis. 
The current invention offers a method of oral administration 
of an absorbable material that is needed to supply the physi 
ologic Substrate needed to work with glutathione peroxidase 
in the maintenance of normal artery lining cell function and 
potentially slow, stop or reverse vascular disease by deterring 
creation of Oxidized LDL or HDL. 

0028. Oxidation stress is related to many disease states. 
Depending on the gradation of the stress effect a diverse array 
of disease states are related to oxidation stress. These diseases 
include cardiovascular diseases, neurological diseases, 
malignancies, renal diseases, diabetes, inflammatory prob 
lems, skin diseases, aging, respiratory diseases, liver diseases 
and different types of viral infections (Irshad). 
0029 Normal metabolism forms free radicals, leading to 
oxidation. These metabolites either from oxygen or nitrogen 
are called pro-oxidants. The stress component refers to 
changes that put higher demands on the available antioxi 
dants. The demand for increased antioxidants may pull 
energy away from the production of other cell metabolites 
and/or slow their formation. When the state of oxidation 
increases it can begin to interfere with cell function. With 
oxidation stress the changes could still be reversible, even if 
only reversible in part, with the addition of the appropriate 
antioxidant. 
0030. As the cell changes and oxidation damage occurs, 
the change and damage become less reversible and begin to 
increase to include macromolecules in the cells including 
protein, DNA and the lipids found in membranes. The result 
is initially seen as cell damage and when widespread can be 
seen as tissue damage. 
0031. To counterbalance the deleterious effects of oxida 
tion stress, the body uses an array of nutrients and metabolites 
called antioxidants. Antioxidants are provided by the normal 
metabolism of the body or from outside sources such as 
Vitamin C. Antioxidants include Superoxide dismutase, cata 
lase, glutathione peroxidase and glutathione reductase, as 
well as minerals like Se, Mn, Cu and Zn, and vitamins like 
vitaminA, C and E. Other compounds with antioxidant activ 
ity include glutathione, flavonoids, bilirubin and uric acid 
(Irshad). Selenium is contemplated as part of the preferred 
composition of the invention as selenium has been shown to 
increase the availability of glutathione peroxidase in the 
serum of individuals under oxidative stress and who had been 
observed to have low glutathione system function (Hussein). 
0032. There is a growing awareness that the glutathione 
related antioxidant system plays a key role in the prevention 
of oxidation stress. For example, in patients with coronary 
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artery disease, a below-normal level of the glutathione related 
enzyme called glutathione peroxidase-1 has been found to be 
independently associated with an increase risk of cardiovas 
cular events (Blankenberg). Glutathione plays Such a crucial 
role in management of oxidation stress that deficiency of 
glutathione is now being referred to as part of the definition of 
oxidation stress. Some articles use the general definition that 
describes the situation in the following manner, “Oxidative 
stress has been defined as a loss of counterbalance between 
free radical or reactive oxygen species (ROS) production and 
antioxidant systems.” (DurSun). More recently, many authors 
are defining oxidation stress as dependent on the availability 
and function of the glutathione system, as exemplified by the 
statement from a recent article, “Oxidative stress may be 
viewed as an imbalance between reactive oxygen species 
(ROS) and oxidant production and the state of glutathione 
redox buffer and antioxidant defense system' (Tappia). 
Another example is the description of oxidation stress found 
in diabetes, “Patients affected by diabetes mellitus have oxi 
dative stress with an impaired glutathione (GSH) redox state.” 
(Bravi) 
0033. In spite of the awareness of the role of oxidation 
stress in disease there is a persisting controversy in regard to 
the role of oxidation stress in the development of atheroscle 
rosis. While there is adequate research demonstrating the role 
of oxidation stress related to atherosclerosis, antioxidants 
Such as vitamin E or beta-carotene (Clarke) or vitamins A, C, 
and E, and beta carotene (Hasnain) have not been effective in 
and of themselves in reducing cardiovascular death and mor 
bidity inhuman clinical trials. This has led many investigators 
to question the importance of oxidation stress in human ath 
erosclerosis (Madamanchi). It is proposed in this application 
that the failure to observe benefit of antioxidant therapy in 
atherosclerosis may be due to the lack of the appropriate 
antioxidant for the situation. 

0034. Much of the confusion regarding the role of glu 
tathione in management of vascular disease may be related to 
two concepts. The first is that it has been previously thought 
that glutathione peroxidase is not found outside the cell or in 
extracellular fluids (Stocker). The second concept is that 
human clinical studies with antioxidants in vascular disease 
in general have been disappointing (Cynshi). However, there 
have been no prior studies of the use of an oral preparation of 
glutathione in its reduced form or the use of liposomal encap 
sulation of reduced glutathione for the prevention of athero 
Sclerosis. 
0035. A human study observing the relationship between 
oxidation status and thickening of the lining of the carotid 
artery, measured by ultrasound has established a relationship 
with the level of available reduced glutathione (Ashfaq). 
Carotid artery intimal thickening has been shown to correlate 
with both risk factors of atherosclerosis and the presence of 
coronary artery atherosclerosis (Crouse). The factors corre 
lated with increased carotid artery intimal thickening were 
the absolute level of reduced glutathione and the ratio of 
reduced glutathione (gsh) and oxidized glutathione (gSSg). In 
the Ashfaq Study, the single variable that most closely pre 
dicted increased intimal thickening was the ratio of reduced 
glutathione to oxidized glutathione or gsh/gssg. The more 
reduced glutathione relative to oxidized glutathione that was 
available, the less intimal thickening was observed. 
003.6 Low Density Lipoproteins commonly known as 
LDL refers to a class of lipoprotein particles. The lipid com 
ponent is composed of the fatty acid molecules associated 
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with cholesterol. The protein component consists of apopro 
tein B-100 and Apo E. LDL particles are identified by their 
size (18-25 nm diameter) and their components. Apollipopro 
teins of the B category are found in LDL and Apoprotein 
B-100 is the key protein associated with LDL. This protein is 
retained within the artery wall in close association with the 
proteoglycans found in the artery wall and play an important 
role in the formation of atherosclerosis. Therefore, the term 
LDL will refer to “native' apolipoprotein B-100, and oxLDL 
will refer to oxidized apoprotein B-100. Further, these terms 
will refer to the additional proteoglycans associated with the 
sites of atherosclerotic lesions and lipoprotein deposition. 
0037 High Density Lipoprotein (HDL) is a smaller mol 
ecule (8-11 nm diameter). These particles function to carry 
cholesterol from tissues that do not need cholesterol back to 
the liver. This is a key function of HDL related to the prevent 
ing the accumulation of too much LDL in the cells lining 
arteries. As the HDL particles have the potential to remove 
cholesterol from plaque in the arteries it is also known as 
“good cholesterol. The density of HDL derives from its 
Small size and the high proportion of protein that they contain. 
These lipoproteins play a role in gathering the cholesterol. 
For example, HDL contains an apolipoprotein (apo) called 
A-I. ApoA-I is the major protein component of antiathero 
genic high-density lipoprotein (HDL). As the HDL circulates 
it may increase in size as it incorporates more molecules of 
cholesterol into its structure. One of the methods of antioxi 
dant function of HDL is through its ability to bind transition 
metal ions such as iron and copper, which are potent catalyZ 
ers of LDL oxidation (Kunitake). A low level of HDL is 
statistically correlated as a risk factor for coronary artery 
disease (Kontush). Even in individuals on cholesterol lower 
ing therapy, the level of HDL remains a significant predictor 
of cardiovascular events. Thus, the ability of HDL to function 
in its native or biochemically reduced state is critical to the 
normal function and the avoidance of atherosclerosis. Oxida 
tion of HDL impairs the ability of HDL to promote choles 
terol efflux by the ATP-binding cassette transporter A-1 path 
way (Navab). HDL can become oxidized through oxidation 
stress, diabetes and exposure to free radicals generated from 
transition metals and oxHDL does not function as efficiently 
as the native HDL. Thus, there is increasing attention focused 
not only on the quantity of HDL, but also the oxidation state 
of HDL. 

0038. The term oxidation stress is used to define the meta 
bolic events associated with damage from free radicals 
related to stress in cells and organ tissues. The concepts 
behind thus descriptive are familiar to persons reasonably 
skilled in the art; yet defining these events remains difficult. 
No literature or prior art has suggested how to manage that 
oxidation state of HDL nor has any prior art or literature 
Suggested using glutathione reduced or an oral liposomal 
encapsulation of reduced glutathione to alter the oxidation 
State of HDL. 

0039 HDL has become recognized as playing a key role in 
both removing excess LDL and maintaining LDL in the non 
oxidized State. Thus, methods that maintain normal function 
of HDL play a vital role in maintaining both normal LDL 
levels, as well as preventing the oxidation of LDL. The com 
bined effect of the present invention liposomal glutathione in 
maintaining normal reductive efficacy of glutathione peroxi 
dase (GPx) associated with cholesterol, LDL and HDL as 
well as its action on Phospholipid Hydroperoxide Glu 
tathione Peroxidase (PH-GPx), an antioxidant enzyme that is 
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able to directly reduce lipid peroxides even when they are 
bound to cellular membranes, creates the novel and Surprising 
effect of decreasing lipid peroxidation by Supplying the natu 
ral component, reduced glutathione, which the stress of 
excess toxins has diminished. Prior to the present invention, 
there has been no method of providing systemic availability 
of reduced glutathione to Support these natural systems, and 
particularly to Support both intracellular and cellular-mem 
brane lipids and lipid derivatives. The Surprising finding that 
glutathione peroxidase is present on LDL and HDL allows the 
present invention to provide a novel route for Support coop 
erative effect that is normally present in the body to protect 
against damage from the formation of oxLDL. Thus, the 
present invention, liposomal glutathione (reduced) both pre 
vents the oxidation of LDL, as well as maintaining HDL in a 
non-oxidized State so that its function is also maintained on 
both the cell membrane and in the cell. The present invention 
is a novel composition that is convenient, stable and orally 
available for maintaining normal levels of reduced glu 
tathione even in conditions where the ability of the system to 
maintain natural glutathione levels has been overburdened or 
compromised. In situations such as an excess of oxidized 
LDL, excess cholesterol or other oxidizing stress situation, 
the current invention provides a convenient method of main 
taining LDL in the non-oxidized state. 
0040. The use of a precursor of glutathione, N-acetyl 
cysteine (NAC) has been referenced by Kindness, Guilford et 
al in US Patent application published as 20020182585, pub 
lished Dec. 5, 2002, as a preferred mode of an invention using 
NAC to build glutathione. While it has been observed that 
cysteine is an amino acid component of the tripeptide glu 
tathione, recent observations such as reviewed in Example 2. 
Suggest that the direct delivery of reduced glutathione is more 
effective. It is known that cysteine can also be directed to form 
taurine. Taurine is one of the most abundantamino acids in the 
body and in certain situations the formation of glutathione 
can be altered in favor of the formation of taurine. Taurine 
does have antioxidant properties, but does not interact with 
the enzyme system that Supports the glutathione antioxidant 
system, Such as glutathione peroxidase. The preference for 
the production of taurine over glutathione is reported to occur 
with inflammation (Santangelo) and toxins such as alcohol 
(Jung) and in this application is reported to occur with in the 
presence of an excess burden of mercury in the human sys 
tem. For the purpose of this discussion this switch in bio 
chemical pathways will be referred to as the “taurine shunt', 
and is illustrated in FIG. 5. The abbreviations in FIG. 5 areas 
follows: THF: tetrahydrofolate; MS: methionine synthase: 
BHMT: betaine-homocysteine methyltransferase: MAT: 
methionine adenosyltransferase; SAM: S-adenosylmethion 
ine; SAH: S-adenosylhomocysteine; SAHH: SAH hydrolase; 
ADA: adenosine deaminase; AK: adenosine kinase; CBS: 
cystathionine beta synthase; B12: cyanocobalomine; meB12: 
methylcobalamine; 5-CH THF: 5-Methyltetrahydrofolate. 
0041. This finding of preference for the production of 
taurine over glutathione is significant as the shunt from glu 
tathione production to taurine may occur locally in tissues 
and cells and may be a contributing factor to the local as well 
as systemic reduction of reduced glutathione found in athero 
Sclerosis. In addition, an excess of taurine as evidenced by 
increased excretion of taurine in the urine has been observed 
by the applicant in children with autism, who are documented 
to have low levels of glutathione systemically. 
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0042. The presence of the “taurine shunt” makes the lipo 
Somal encapsulation of reduced glutathione the preferred 
mode for the delivery and maintenance of reduced glu 
tathione for the present invention. 
0043. The combination of an HMG-CoA reductase inhibi 
tor and CoQ10 has been referenced by Brown in U.S. Pat. No. 
4,933,165, Jun. 12, 1990. There is no reference to liposomes 
in Brown 165 nor to the use of reduced glutathione in com 
bination with a statin, nor with a statin and CoQ10. The use of 
CoQ10 with a statin is distinctly different from the combina 
tion of liposomal glutathione and statin. The CoQ10 is added 
to replace the loss of CoQ10 that occurs with the use of the 
HMG-CoA reductase inhibitor. In the present invention 
embodiment, the unique concept is that the liposomal glu 
tathione is added to enhance the effect of maintaining cho 
lesterol and LDL in the biochemically reduced state. By 
maintaining the reduced State, that is avoiding the oxidation 
of Cholesterol or the oxidation of LDL, the most beneficial 
effect of reduced glutathione and a statin working together is 
achieved. Further, the goal of lessening the formation of 
atherosclerosis will be achieved using a lower dose of the 
statin drug and thereby minimizing the side effects of the 
statin. The current goal of treatment by a statin has been to 
lower the level of LDL to lessen the progression of athero 
Sclerosis. The goal of the combination in the current invention 
is to lessen the progression of atherosclerosis by lessening the 
formation of oxLDL, and facilitating the function of HDL. As 
has been noted, decreased OXLDL is advantageous in avoid 
ing atherosclerosis. There is no reference to the combination 
of HMG-CoA reductase inhibitor, CoQ10 and glutathione as 
related in the current invention. 

0044) The intravenous administration of reduced glu 
tathione has been reported to have benefit in improving blood 
flow in peripheral vascular disease (Arosio), however there 
has been no reference to the mechanism of maintaining or 
returning lipid peroxidation to the reduced (non-oxidized) 
state using glutathione as a Substrate for the glutathione per 
oxidase that has been found to be associated with native 
cholesterol, LDL and HDL as reported in this invention. The 
interaction of glutathione naturally with glutathione peroxi 
dase associated with these lipids in the circulation represents 
a critical step in the prevention of atherosclerosis. The novel 
and Surprising aspect of being able to Supply reduced glu 
tathione in an orally absorbable liposome creates an exciting 
new method for the study and management of atherosclerotic 
vascular disease that has not been previously reported. The 
ability to Supply reduced glutathione orally in the present 
invention represents a novel method of management of oxi 
dation of lipids such as cholesterol, LDL and HDL and rep 
resents a significant advantage in disease management. 
0045. There is evolving in the literature the knowledge 
that a significant number of cardiovascular events occur in 
individuals with normal levels of HDL and LDL (Navab). 
This observation has stimulated investigations for biomarkers 
with higher predictive value. Recent articles have proposed 
that the level of oxidized LDL has high correlation with 
progression of vascular disease. There have been no reports of 
plain glutathione being capable of absorption in the human to 
provide adequate levels of support for the glutathione system. 
The liposomal encapsulation of reduced glutathione provides 
a novel method for achieving effective systemic and intrac 
ellular delivery of glutathione (reduced). 
0046. The function of LDL in the system is to carry cho 
lesterol and triglycerides away from cells and tissue that 
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produce more than they use, such as the liver, to cells and 
tissues that take up cholesterol. Such as arteries. The normal 
state of these lipids is the biochemically reduced form. When 
altered by oxidation, these lipoproteins are identified as oxi 
dized LDL or oxLDL. 

0047 LDL is often referred to as “bad cholesterol as it 
has a statistical association with cardiovascular disease. The 
inventors believe it is not the LDL that is bad, but where and 
what state of oxidation the LDL molecule is in that may be the 
more compromising component of LDL metabolism. In 
terms of triggering the artery wall changes found in athero 
Sclerosis, oxidized LDL is becoming known as the trigger for 
atherosclerosis. OxLDL has been shown to be a strong and 
independent risk factor of vascular disease such as coronary 
heart disease even in apparently healthy individuals (Meis 
inger). Thus, the search for a trigger for developing athero 
Sclerosis, is shifting focus from the management of the LDL 
to the question of how to manage the oxidation state of LDL. 
No literature or prior art has suggested how to directly man 
age the oxidation State of LDL nor has any prior art or litera 
ture Suggested using glutathione reduced oran oral liposomal 
encapsulation of reduced glutathione to alter the oxidation 
state of LDL. 

0048 Reactive Oxygen Species (“ROS) exert some func 
tions necessary for cell homeostasis maintenance, but loss of 
the balance between the anti- and pro-oxidant states results in 
pathology. ROS mediated lipid peroxides are of critical 
importance because they participate in chain reactions that 
amplify damage to biomolecules including membranes and 
DNA. DNA attack gives rise to mutations that may involve 
tumor Suppressor genes or oncogenes, and this is an onco 
genic mechanism (Cejas). OxLDL has been observed to 
increase cell proliferation (Zettler) and has been considered 
one stimulant for the proliferation of smooth muscle. While it 
has been observed that oxLDL induces an increased expres 
sion of both the promoters and inhibitors of the cell cycle. 
Activating inducers and inhibitors should allow for self regu 
lation of cell growth. The generalized induction of both cell 
cycle inducers and inhibitors with cooperation among the cell 
cycle regulators is consistent with the slower, non-malignant 
cell growth typical of an atherosclerotic plaque. While bal 
ance between stimulation and inhibition occurs in other non 
malignant situations such as the rapid cell proliferation seen 
in liver regeneration, malignant cell growth is typically char 
acterized by high levels of the one or more of the cell cycle 
inducers and low or absent cell cycle inhibitors. 
0049 Contrary to the unregulated cell cycle proliferation 
in cancer, one difference between regulated cell cycle prolif 
eration in normal or atherosclerotic cells and unregulated cell 
cycle proliferation in cancer cells and in atherosclerotic cells 
is that the there is both an increase in expression and nuclear 
translocation of both the activators and inhibitors of the cell 
cycle. It is conceivable that the continued exposure of cell 
nuclei to excessive oxLDL could result in abnormal modula 
tion of cell cycle reproduction, which in cancer means little or 
no modulation of reproduction. 
0050. Oxidation stress indicators have been found in vari 
ous cancer cells and it is postulated that the redox imbalance 
may be related to stimulation of changes not only in the 
affected cells, but also in the body response toward cancer. 
Oxidative DNA abnormalities are noted in many tumors and 
it appears that oxidative DNA damage is linked with the 
process of initiation of cancer. As a variety of transition met 
als such as iron, copper, cadmium, arsenic and nickel are 
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involved in the formation of the free radicals via reactions 
Such as the Fenton reaction, a deficiency of reduced glu 
tathione and the corresponding ability to modulate free radi 
cal formation may play a critical role in the induction of 
cancers. Thus, methods that maintain normal levels of metals 
Such as iron and copper and remove the abnormal metals will 
be of significant benefit in avoiding the oxidative stimulation 
that can lead not only to atherosclerosis, but also to cancers. 
The use of liposomal glutathione and EDTA has been previ 
ously reviewed by Guilford, U.S. patent application Ser. No. 
1 1/230.277 filed Sep. 20, 2005. 
0051. Additional impact from metals is observed with 
metals such as mercury, cadmium, nickel and arsenic, each of 
which also depletes glutathione (Valko, 2005). It is probable 
that metal induced oxidation stress may create an oxidative 
environment favorable to the development of cancer (Valko, 
2006). 
0.052 Patients with cancer have an increased amount of 
oxidation stress related to the disease process. The addition of 
chemotherapy agents increases the oxidation stress and risk 
of side effects such as neuropathy. For example, the occur 
rence of neuropathy has been found to limit the number of 
treatments with cisplatin. The use of intravenous reduced 
glutathione concurrent with the administration of cisplatin 
has been observed to allow increased dose intensity of treat 
ments and to not interfere with the efficacy of the drug (Di 
Re). No prior art Suggests the novel use proposed herein of the 
use of an oral liposomal preparation of reduced glutathione as 
described in this application for the reduction of side effects 
during chemotherapy. In addition, there are no reports of 
orally effective liposomal glutathione being used post che 
motherapy to help restore normal glutathione levels. 
0053 Example 3 illustrates the effect that extensive dis 
ease related to cancer can have on the patient and the impact 
that the current invention may have on the treatment of an 
individual with cancer that can occur by the administration of 
the invention, liposomal glutathione. Cancer has been shown 
to be associated with an increase in oxidation stress in general 
particularly oxidized LDL. It is proposed that the current 
invention be considered as a component of cancer therapy, 
especially after therapies orata stage of progression in which 
oxidation stress may have become overwhelming. While the 
dramatic improvement experienced by the individual was not 
permanent, it does demonstrate that the use of the current 
invention has relevance to the clinical management of cancer. 
0054. Oxidation stress creates a series of concurrent 
events, which affect the status of the cells lining arteries. 
While the oxidation stress effects on lipids are occurring 
another effect is the decrease in availability of nitric oxide 
produced by the endothelial cells. 
0055 Nitric oxide has the capacity to cause vasodilation, 
but if not stabilized, can also contribute the formation of free 
radicals called Reactive nitrogen species, which will actually 
contribute further to the cascade of oxidation locally in an 
artery. Nitric oxide has been shown to react with glutathione, 
which creates S-nitrosoglutathione (GSNO). The GSNO 
molecule is more stable than NO and has been demonstrated 
dilating effects directly in the lung, where it has been shown 
to dilator activity (Que). This mechanism is reviewed in Guil 
ford, U.S. Application 60/596,171 filed 6 Sep. 2005 entitled 
“Method for the Treatment of Infection with HHV-6 Virus 
and the Amelioration of Symptoms Related to Virus Using 
Liposomal Encapsulation for Delivery of Reduced Glu 
tathione and PCT/US2006/34648 filed 6 Sep. 2006. 
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0056. In artery disease the presence of oxidized LDL cre 
ates an increased demand on the availability of reduced glu 
tathione, leaving less glutathione available to create the 
GSNO molecule needed to stabilize nitric oxide (NO). Nor 
mally, the expansion of the artery prevents the increase in 
pressure that accompanies the contraction of the heart muscle 
pumping blood through the artery system. Without this 
vasodilatation capacity, an increase in the pressure in the 
artery will occur as the artery acts like a solid pipe. This 
increased pressure within the pipe-like artery is what we call 
hypertension. The lack of vasodilating action by GSNO leads 
to decreased relaxation in the artery and manifests as 
increased blood pressure, known has hypertension. An addi 
tional mode of action of the present invention is the introduc 
tion of reduced glutathione via the liposomes to provide the 
glutathione necessary for the creation of GSNO at sites of 
nitric oxide production and glutathione deficiency. This will 
be particularly beneficial in individuals with either elevations 
of oxidized LDL or increased LDL, which leads to increased 
oXLDL. 

0057 The ability to increase the efficacy of the natural 
mechanism of the blood pressure maintenance or to naturally 
facilitate the function of medications or Supplements 
designed to maintain normal blood pressure is a novel and 
unexpected finding related to the use of liposomal glu 
tathione. As reviewed in examples 4 and 5, the liposomal 
glutathione is effective in combination with either a nutrient 
that increases nitric oxide Such as arginine or lysine or in 
combination with a prescription medication such as lisinopril 
in combination with arginine and the liposomal glutathione. 
0058. The preferred dose of the combination of the inven 

tion, liposomal glutathione, and arginine is liposomal glu 
tathione 800 mg in combination with each 450 mg capsule of 
arginine. This combination may be taken once or twice a day 
as needed to maintain a normal blood pressure. 
0059. The preferred combination of the invention in com 
bination with blood pressure medication is with lisinopril 20 
mg daily, in combination with 800 mg of liposomal glu 
tathione. This may be combined with arginine 450 mg as 
needed. 

0060 Additionally, in the situation where there is oxidized 
LDL being formed in the system an excess of reduced glu 
tathione may need to be supplied in addition to the nitric oxide 
enhancing agent to maintain adequate formation of GSNO. 
The formation of GSNO is the normal reaction that occurs in 
the body to maintain the vasodilating properties of NO and 
requires a continuous Supply of reduced glutathione to be 
formed. An excess of oxidation stress will create the situation 
where the body needs to Supply an excess of reduced glu 
tathione via the current invention, liposomal glutathione, to 
be able to utilize the nitric oxide that is formed. 

The management of elevated blood pressure uses medications 
that fall into the following categories: 
0061 

0062) chlorthalidone (Hygroton), furosemide (Lasix), 
hydrochlorothiazide (Esidrix, Hydrodiuril, Microzide), 
indapamide (LoZol), metolaZone (Mykrox, ZaroXolyn) 

0063 
0064 amiloride hydrochloride (Midamar), spironolac 
tone (Aldactone), triamterene (Dyrenium) 

1. Diuretics 

2. Potassium-Sparing Diuretics 
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0065 3. Combination Diuretics 
0.066 amiloride hydrochloride+hydrochlorothiazide 
(Moduretic), spironolactone--hydrochlorothiazide (Al 
dactazide), triamterene+hydrochlorothiazide (Dyazide, 
Maxzide) 

0067. 4. Beta-Blockers 
0068 acebutolol (Sectral), atenolol (Tenormin), betax 
olol (Kerlone), bisoprolol fumarate (Zebeta), carteolol 
hydrochloride (Cartrol), metoprolol tartrate (Lopres 
Sor), metoprolol Succinate (Toprol-XL), nadolol (Cor 
gard), penbutolol sulfate (Levatol), pindolol (Visken), 
propranolol hydrochloride (Inderal), timolol maleate 
(Blocadren). 

0069 5. Angiotensin Converting Enzyme Inhibitors (ACE 
Inhibitors) 

0070 benazepril hydrochloride (Lotensin), captopril 
(Capoten), enalapril maleate (Vasotec), fosinopril 
sodium (Monopril), lisinopril (Prinivel, Zestril), moex 
ipril (Univasc) quinapril hydrochloride (Accupril), 
ramipril (Altace), trandolapril Mavik. 

0071 6. Angiotensin II Receptor Blockers 
0.072 candesartan (Atacand), irbesarten (Avapro), losa 
rtin potassium (Cozaar), Valsartan Diovan 

0073 7. Calcium Channel Blockers 
0.074 amlodipine besylate (Norvasc), diltiazem hydro 
chloride (Cardizem CD, Cardizem SR, Dilacor XR, 
Tiazac), felodipine (Plendil), isradipine (DynaCirc, 
DynaCirc CR), nicardipine (Cardene SR), nifedipine 
(Adalat CC, Procardia XL), nisoldipine (Sular), Vera 
pamil hydrochloride (Calan SR, Covera HS. Isoptin SR, 
Verelan). 

(0075 8. Alpha Blockers 
0.076 doxazosin mesylate (Cardura), prazosin hydro 
chloride (Minipress), terazosin hydrochloride (Hytrin). 

(0077 9. Combined Alpha and Beta-Blockers 
0078 carvedilol (Coreg), labetolol hydrochloride (Nor 
modyne, Trandate). 

(0079 10. Central Agonists 
0080 alpha methyldopa (Aldomet), clonidine hydro 
chloride (Catapres), guanabenZ acetate (Wytensin), 
guanfacine hydrochloride (Tenex). 

I0081. 11. Peripheral Adrenergic Inhibitors 
0082 guanadrel (Hylorel) guanethidine monosulfate 
(ISmelin), reserpine (Serpasil). 

0083) 12. Blood Vessel Dilators 
0084 hydralazine hydrocholoride 
minoxidil (Loniten). 

I0085. The preferred mode of the invention is the combi 
nation of lisinopril 20 mg and Liposomal glutathione 800 mg 
(2 teaspoons). Additional preferences include the other 
agents in the Angiotensin Converting Enzyme (ACE) Inhibi 
tor category of drugs. 
I0086. The invention, liposomal glutathione, is also pro 
posed in combination with the nitric oxide enhancing agents 
Such as the nutrients 1-arginine and 1-lysine in order to facili 
tate the formation of GSNO, which is needed for vasodilation. 
I0087. It is proposed that the invention, liposomal glu 
tathione, in combination with an antihypertensive agent Such 
as lisinopril and arginine to allow a more efficient blood 
pressure lowering using a lower dose of the antihypertensive 
agent as illustrated in example 5. 
I0088. The liposomes and the encapsulation of reduced 
glutathione used in the current invention are described in 
Guilford, U.S. patent application Ser. No. 1 1/163,979 filed 

(Apresoline), 
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Nov. 6, 2005, published May 11, 2006 as 20060099244 which 
is incorporated in its entirety. While the preferred embodi 
ment of the invention is the preferred embodiment listed in 
Guilford, U.S. patent application Ser. No. 1 1/163,979, the 
other methods of liposomal encapsulation of the invention as 
described in Guilford, U.S. patent application Ser. No. 
1 1/163,979 as well as in Kelleretal, U.S. Pat. No. 5,891,465, 
Apr. 6, 1999, Keller et al U.S. Pat. No. 6,958,160, Oct. 25, 
2005, and Keller US Patent application 20020039595, pub 
lished Apr. 4, 2002 are incorporated into this description. 
0089. The current application is prompted after reviewing 
the unpublished findings of a study on the activity of a lipo 
Somal encapsulation of reduced glutathione on the stabiliza 
tion of cholesterol, LDL and HDL when they were exposed to 
agents known to create rapid oxidation of these materials. As 
will be reviewed, the oxidation of Low Density Lipoprotein 
(LDL) with the oxidized LDL referred to as oxLDL, is sig 
nificantly slowed by the addition of liposomal reduced glu 
tathione, the current invention, which utilizes glutathione 
peroxidase as a key to enable reduced glutathione to function 
to prevent oxidation of cholesterol. Exporting reduced glu 
tathione effectively into the blood system and into cells has 
not been previously feasible except by intravenous means. By 
liposomal encapsulation, this invention enables that export of 
reduced glutathione into the blood system making it available 
to cells d and cell membranes. The liposomal encapsulation 
also allows the availability of that reduced glutathione to 
cooperate with Glutathione Peroxidase to impeded undesired 
oxidation of LDL and HDL cholesterol. In the presence of 
high fat diet or high lipid content of blood, the normal glu 
tathione formation capacity of the system is often exceeded 
requiring an outside source of intracellular glutathione to 
maintain the antioxidant status of the system. This invention 
provides a novel and Surprising answer to prevent or slow the 
oxidation of LDL, which is associated with atherosclerosis. 
0090. As related in the unpublished Aviram study, the 
novel finding of glutathione peroxidase related to native cho 
lesterol, HDL and LDL suggests that the availability of 
reduced glutathione is critical for maintaining the normal 
state of function of these materials. Other antioxidants may 
provide indirect support for this function, but reduced glu 
tathione functions much more efficiently. 

DESCRIPTION OF FIGURES 

0091 FIGS. 1A and 1B show the results of the effect of 
Liposomal Glutathione on LDL oxidation by incubation of 
LDL with increasing concentrations (0-12 ug/mL) of Lipo 
somal Glutathione resulted in a significant inhibition in the 
extent of CuSO (5umol/L)-induced LDL oxidation, as mea 
sured by the TBARS assay (FIG. 1A), or by the lipid perox 
ides assay (FIG. 1B). The maximal inhibitory effects by 88% 
(TBARS) or by 92% (lipid peroxides) were noted upon the 
addition of 2.5 lug/ml of Liposomal Glutathione to the LDL 
oxidation system (FIG. 1A and FIG. 1B). In contrast, the 
addition of similar concentrations of the Control Liposome 
(with no glutathione) to LDL in the presence of copper ions, 
did not significantly affect the extent of LDL oxidation, as 
measured by the TBARS assay (FIG. 1A) and also by the lipid 
peroxides assay (FIG. 1B). 
0092 FIGS. 1C and 1D show Liposomal reduced glu 
tathione in the Liposomal Glutathione solution also signifi 
cantly inhibited LDL oxidation in a dose-dependent manner, 
as measured by the time required for conjugated dienes for 
mation (FIG. 1C and FIG. 1D). The addition of 2 ug/ml of 
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Liposomal Glutathione to LDL resulted in the prolongation 
of the lag time from 40 minutes in control LDL (incubated 
with no addition), up to 91 minutes observed for LDL that was 
incubated with Liposomal Glutathione (FIG. 1C and FIG. 
1D). 
0093 FIGS. 2A and 2B shows the results of addition of 
increasing concentrations (0-50 ug/ml) of Liposomal Glu 
tathione to LDL, which significantly decreased the Suscepti 
bility of LDL to oxidation induced by 5 mmol/L AAPH, by up 
to 50% and 54%, as measured by the TBARS (FIG. 2A), or by 
the lipid peroxides (FIG. 2B) assays, respectively. 
(0094 FIGS. 3A and 3B show the effect of Liposomal 
Glutathione on HDL oxidation by incubation of HDL with 
increasing concentrations (0-2 Lug/mL) of Liposomal Glu 
tathione significantly inhibited, in a dose-dependent manner, 
the susceptibility of the HDL to copper ion-induced oxida 
tion, as determined by the lag time required for conjugated 
dienes formation (FIG. 3A and FIG. 3B). The addition of 2 
ug/mL Liposomal Glutathione to HDL resulted in prolonga 
tion of the lag time from 16 minutes in control HDL (incu 
bated with no additions) up to 92 minutes observed for HDL 
that was incubated in the presence of Liposomal Glutathione. 
(0095 FIG. 4 shows that GPx activity in LDL was about 5 
fold higher than the activity observed in HDL (FIGS. 4A and 
4B). In parallel, both lipoproteins were shown to contain 
glutathione. Lipoprotein-associated glutathione level in LDL 
was again shown to be higher, by about 4 fold, in comparison 
to its level in HDL (FIG. 4B). 
0096 FIG. 5 shows what the inventor describes the “tau 
rine shunt” for the described switch in biochemical pathways. 
The abbreviations in FIG. 5 are as follows: THF: tetrahydro 
folate; MS: methionine synthase; BHMT: betaine-homocys 
teine methyltransferase; MAT: methionine adenosyltrans 
ferase; SAM: S-adenosylmethionine; SAH: 
S-adenosylhomocysteine; SAHH: SAH hydrolase; ADA: 
adenosine deaminase; AK: adenosine kinase; CBS: cys 
tathionine beta synthase; B12: cyanocobalomine; meB12: 
methylcobalamine; 5-CH THF: 5-Methyltetrahydrofolate. 

OBJECTIVES OF THE INVENTION 

0097. It is an objective of the invention to simultaneously 
alter in a therapeutic way the oxidation state of LDL and HDL 
and thereby inhibit and reverse the tendency to vascular dis 
ease and associated events. 
0098. It is an objective of the invention to enable a thera 
peutic response from the management of the LDL to a con 
cern about the management of the oxidation state of LDL and 
thereby diminish a trigger for developing atherosclerosis. 
0099. It is an object of the invention to maintain normal 
antioxidant function in LDL and to maintain the normal anti 
oxidant function of HDL by reduced glutathione and thus 
maintain normal artery function and avoid atherosclerosis. 
0100. It is an object of the present invention to offer a 
composition that can be utilized orally, mucosally, intrave 
nously, or topically that enables an absorbable material 
capable of intracellular absorption to Supply the physiologic 
substrate needed to work with glutathione peroxidase in the 
maintenance of normal artery lining cell function and poten 
tially slow, stop or reverse vascular disease by deterring cre 
ation of Oxidized LDL or HDL. 
0101. It is an object of the invention to enable effective 
cellular delivery of reduced glutathione by liposomes to 
bypass mechanisms that favor taurine production over glu 
tathione production. 
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0102. It is an object of the invention to utilize liposomal 
reduced glutathione in order to enable the use of lower doses 
of the statin class of cholesterol-lowering drugs while main 
taining efficacy of statins and reducing side effects of statins. 

Description 

0103. It is proposed that the continued oral usage of the 
current invention, liposomal reduced glutathione, will main 
tain reduced glutathione as prevention against the damage 
that can occur with low glutathione levels. The continuous 
daily ingestion of an exogenous source of reduced glu 
tathione in the form of liposomal glutathione is proposed as a 
method of prevention of atherosclerosis and vascular disease 
and as a treatment for individuals at risk of progression of 
existing atherosclerosis, vascular disease or vascular associ 
ated difficulties such as erectile dysfunction. Again, vascular 
disease, for purposes of specification of the invention, is 
intended to include vascular disease generally, and to specifi 
cally include atherosclerosis, diabetes, hypertension, narrow 
ing of arteries leading to decreased blood flow, ischemic 
events, and the formation of blood clots, abnormal platelet 
aggregation, and thrombotic events. The use of the term "glu 
tathione' or “glutathione (reduced) will refer to biochemi 
cally reduced glutathione as opposed to oxidized glutathione, 
or glutathione that is in the biochemically oxidized state. 
0104. In order to examine the problems presented by the 
background which follows, one inventor inaugurated a study 
as yet unpublished called: “The effect of liposomal glu 
tathione on the oxidation of the cholesterol components 
known as Low density lipoprotein (LDL) and high density 
lipoprotein (HDL). Observations with respect to the interac 
tion between glutathione peroxidase, liposomal reduced glu 
tathione, and HDL and LDL led to this invention. In particu 
lar, the study highlighted the importance of reduced 
glutathione in maintaining the normal state of function of 
HDL and LDL, apparently by lowering the oxidation state of 
LDL and HDL. 

Example 1 

0105. An unpublished study of “The effect of liposomal 
glutathione on the oxidation of the cholesterol components 
known as Low density lipoprotein (LDL) and high density 
lipoprotein (HDL)’ was performed by Professor Michael 
Aviram The Lipid Research Laboratory Rambam Medical 
Center, Haifa Israel, which demonstrates the novelty of the 
invention and its effect on LDL oxidation and on HDL oxi 
dation. 

Methods 

0106 Liposomal Glutathione composition: The Liposo 
mal Glutathione solution consisted of 8.25% reduced glu 
tathione (GSH, 84.5 mg/mL), 75.15% deionized water, 15% 
glycerine, 1.5% lecithin, and 0.1% potassium sorbate (ona% 
weight/weigh basis). Control Liposomes consisted of similar 
composition, but without reduced glutathione. 
Lipoproteins isolation: Low density lipoprotein (LDL) and 
high density lipoprotein (HDL) were isolated from the serum 
of normolipidemic Volunteers by density gradient ultracen 
trifugation. The LDL and HDL protein concentration was 
determined by the Lowry method. 
LDL and HDL oxidation studies—Before oxidation the lipo 
proteins were dialyzed against PBS. LDL or HDL (100 ug of 
protein/mL) were incubated with 5 umol/L of CuSO4 for 3 
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hours at 37°C., or with 5 mmol/L of the free radical generator 
2,2-azobis 2, amidinopropane hydrochloride (AAPH). The 
lag time required for initiation of LDL or HDL oxidation is 
determined by continuous monitoring of conjugated dienes 
formation (by measuring the optical absorbance at 234 nm). 
The extent of LDL oxidation would be determined also by 
measuring the amount of LDL-associated lipid peroxides or 
thiobarbituric acid reactive substances (TBARS). 
Glutathione peroxidase (GPX) activity—GPxactivity in HDL 
(1.3 mg protein/mL) or in LDL (0.5 mg protein/mL) was 
measured according to the method of Thomas J Petal, (J. Biol 
Chem, 265:454-461, 1990), using 100 uL of the lipoproteins. 
The reaction mixture include: 1 mol/L Tris-HCl buffer pH 
8.0+5 mmol/L EDTA, 0.1 mol/L reduced glutathione, 10 
units/mL of glutathione reductase, 2 mmol/L NAD(P)H, and 
t-butylhydroperoxide (diluted 1:1000, v:v with water). 
0107 Total glutathione determination in LDL and HDL 
All the preparation steps were performed on ice. The HDL 
and the LDL were treated with sulfosalycylic acid and the 
samples were centrifuged. The total glutathione levels were 
measured in the supernatant by the DTNB-GSSG reductase 
recycling assay. 
0.108 Results of the effect of Liposomal Glutathione on 
LDL oxidation incubation of LDL with increasing concen 
trations (0-12 Lug/mL) of Liposomal Glutathione resulted in a 
significant inhibition in the extent of CuSO (5 umol/L)- 
induced LDL oxidation, as measured by the TBARS assay 
(FIG. 1A), or by the lipid peroxides assay (FIG. 1B). The 
maximal inhibitory effects by 88% (TBARS) or by 92% (lipid 
peroxides) were noted upon the addition of 2.5 lug/ml of 
Liposomal Glutathione to the LDL oxidation system (FIG. 
1A and FIG. 1B). In contrast, the addition of similar concen 
trations of the Control Liposome (with no glutathione) to 
LDL in the presence of copper ions, did not significantly 
affect the extent of LDL oxidation, as measured by the 
TBARS assay (FIG. 1A) and also by the lipid peroxides assay 
(FIG. 1B). 
0109 Liposomal reduced glutathione in the Liposomal 
Glutathione solution also significantly inhibited LDL oxida 
tion in a dose-dependent manner, as measured by the time 
required for conjugated dienes formation (FIG. 1C and FIG. 
1D). The addition of 2 ug/ml of Liposomal Glutathione to 
LDL resulted in the prolongation of the lag time from 40 
minutes in control LDL (incubated with no addition), up to 91 
minutes observed for LDL that was incubated with Liposo 
mal Glutathione (FIG. 1C and FIG. 1D). 
0110. Similarly, addition of increasing concentrations 
(0-50 g/ml) of Liposomal Glutathione to LDL, significantly 
decreased the susceptibility of LDL to oxidation induced by 5 
mmol/L AAPH, by up to 50% and 54%, as measured by the 
TBARS (FIG.2A), or by the lipid peroxides (FIG.2B) assays, 
respectively. 
0111. The Effect of Liposomal Glutathione on HDL Oxi 
dation 
0112 Incubation of HDL with increasing concentrations 
(0-2 Lug/mL) of Liposomal Glutathione significantly inhib 
ited, in a dose-dependent manner, the Susceptibility of the 
HDL to copper ion-induced oxidation, as determined by the 
lag time required for conjugated dienes formation (FIG. 3A 
and FIG. 3B). The addition of 2 ug/mL Liposomal Glu 
tathione to HDL resulted in prolongation of the lag time from 
16 minutes in control HDL (incubated with no additions) up 
to 92 minutes observed for HDL that was incubated in the 
presence of Liposomal Glutathione. 
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0113 Suggested Mechanism by which Liposomal Glu 
tathione Inhibits Copper Ion-Induced LDL and HDL Oxida 
tion 
0114. As glutathione peroxidase (GPx) is present in 
serum, and it converts lipid peroxides to alcohols by using 
reduced glutathione in order to reactivate GPX (as a result of 
its reduction), the question was presented whether GPx is 
present in lipoproteins (LDL and HDL), which were isolated 
from human serum. 
0115 Indeed, for the first time, the presence was noted of 
GPX activity in LDL and to a lesser extent in HDL. GPx 
activity in LDL was about 5 fold higher than the activity 
observed in HDL (FIGS. 4A and 4B). In parallel, both lipo 
proteins were shown to contain glutathione. Lipoprotein-as 
Sociated glutathione level in LDL was again shown to be 
higher, by about 4 fold, in comparison to its level in HDL 
(FIG. 4B). 
In reviewing the results, it appears that LDL and HDL contain 
both the enzyme glutathione peroxidase (GPX) and it specific 
substrate reduced glutathione. The presence of GPx associ 
ated with LDL has not previously been reported. Thus the 
native lipids, as obtained from human Subjects contain the 
mechanism to maintain defense against oxidants and to main 
tain a non-oxidized State. When materials known to cause 
oxidation are added to this system, there is a brief resistance 
to oxidation, but when the native glutathione is used up 
oXLDL is created. The Surprising finding that leads to this 
invention is that the addition of even a small amount, 2 Lig/mL, 
of the liposomal encapsulated reduced glutathione results in a 
prolonged stabilization of the lipids against the oxidizers. The 
addition of 2 ug/mL Liposomal Glutathione to HDL resulted 
in prolongation of the lag time from 16 minutes in control 
HDL (incubated with no additions) up to 92 minutes observed 
for HDL that was incubated in the presence of Liposomal 
Glutathione. 
0116. In the human system, there is a finite amount of 
reduced glutathione available that continually Supplies in 
conjunction with glutathione peroxidase, the protection 
against production of oxidized LDL. When the oxidizer stres 
sors overwhelm the production of reduced glutathione this 
invention proposes that the oxidation of LDL will be delayed 
and avoided by the addition of a convenient outside source of 
reduced glutathione and enable HDL to continue its choles 
terol removal. The specificity of the enzyme glutathione per 
oxidase for chemical interaction with reduced glutathione 
only explains why there has not previously been a consistent 
response to antioxidant therapy for atherosclerosis in human 
studies. 
0117. Other antioxidants may provide indirect support for 
normal function, but reduced glutathione functions much 
more efficiently and effectively. Further, the inventors deter 
mined that synergistic effect from liposomal reduced glu 
tathione could beachieved by potentially using lower doses of 
statins that usually required, reducing side effects while Sus 
taining Moreover, the addition of CoQ10 or ubiquinone could 
ameliorate one of the side effects of statins. 

Example 2 

0118 C P is an 11 year old boy who presented with a 6 
month history of persisting fatigue. Prior to his illness, he was 
actively involved with school and sports. In sports he ran 
cross country, played Soccer and baseball. At the time of his 
initial evaluation, his activity was restricted to partial days at 
school and no physical activity. With physical activity he 
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became exhausted and was not able to keep up his school 
work. The onset of his symptoms in the spring of the year 
coincided with what were thought to be cold symptoms with 
recurring rhinitis followed by an ear infection in the late 
Summer. He had seasonal allergies, which started 2 years 
prior to the current illness. 
0119. At the initial evaluation the working diagnosis was 
chronic viral illness related to Epstein-Barr Virus (EBV). His 
physical exam revealed nasal congestion with inflammation 
of the nasal mucosa and an enlarged spleen. His viral antibody 
evaluation revealed significant elevations of: 

0120 IgG Antibody to EBV capsid antigen of 5.4— 
normal <0.9=Elevated 

0121 IgM Antibody to EBV capside antigen of 0.05— 
normal <0.9=Negative 

0122) IgG Antibody to EBNA (Epstein Barr Nuclear 
Antigen) 4.35—normal <0.9-Elevated 

(0123. The interpretation of the results of the EBV anti 
body tests were consistent with a past EBV infection. How 
ever, a month later, Dec. 1, 2005 his IgG Antibody to EBV 
capsid antigen increased to 6.14. As the patients anti-EBV 
viral titers were continuing to rise, consistent with his con 
tinued fatigue and consistent with the diagnosis of chronic 
viral syndrome related to EBV. 
0.124 CP’s remaining lab tests were normal including a 
normal CBC with a mild elevation of eosinophils at 6% (nor 
mal <5). The eosinophilic cationic protein level was 13.5 
ng/ml (1.5-5.5), a finding consistent with inflammation Such 
as allergy. 
Red Blood Cell glutathione level was 128 umole/L (200-400 
umole/L) and the plasma glutathione level was 140 (200-400 
umole/L). 
Urine taurine level was significantly elevated at 1485umole/ 
gm creatinine) with normal 150-300 umole/gm creatinine. 
0.125 While blood levels for mercury, lead and arsenic 
were within normal limits it was elected to assess further for 
the possible presence of mercury as there was no explanation 
for the low glutathione level. A DMPS challenge for mercury 
revealed a significant elevation of mercury at 32 g/gm crea 
tinine excreted in the urine after an infusion of 5 cc of DMPS. 
Normal is considered to be 10-12 g/gm creatinine, even 
though theoretically, there should be no mercury excreted in 
the urine as this is a toxin and there is no known metabolic 
function for this metal. An unprovoked urine sample revealed 
a mercury level of 1.3 ug/gm creatinine This method is an 
adaptation of the DMPS challenge described by Molin in 
1991 (Molin). 
0.126 C P was treated over the next 5 months with the 
present invention, liposomal reduced glutathione, two tea 
spoons per day, equivalent to a total of about 800 mg. per day 
and a series of DMPS infusions. After six months, his mer 
cury level was still elevated at 23 Jug/gm creatinine. The 
DMPS therapy was continued and two months later, his mer 
cury excretion was found to be 10 g/gm creatinine. 
I0127 Repeat testing of the glutathione and taurine 
revealed that CP’s red blood cell (RBC) glutathione was 378 
umole/L (200-400 umole/L) and the plasma glutathione level 
was 310 (200-400 umole/L). The urine taurine level had 
decreased to 23.7 umole/gm creatinine. 
I0128. At the conclusion of the therapy CP had returned to 
School full time, has resumed cross country training and at the 
same time is playing on a Soccer team. 
I0129. The preferred embodiment for the invention in 
regard to the detoxification of mercury is the use of the lipo 
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somal glutathione in doses of 100 mg for every 30 pounds (15 
kg) twice a day. For individuals over 100 pounds dosing is 1 
teaspoon=400 mg twice a day. The dose of DMPS is 5 mg/kg. 
for an oral dose. If it convenient to give an intravenous infu 
sion a dose of 3.5 mg/kg can be used. For adults or children 
over 100 pounds an initial dose of 125 mg is given to deter 
mine tolerance to the material. If tolerated, then a treatment 
dose of 250 mg may be considered. Urine for toxic metal 
(mercury) analysis is obtained for 6 hours after the infusion. 
In the preferred embodiment of this protocol, the glutathione 
level is Supported using the liposomal glutathione for 2 weeks 
prior to the infusion of DMPS. 

Example 3 

0130 Patient C is a 67 year old in the late stages of prostate 
cancer, who became depressed, weak and wanted to die. His 
condition was and is terminal and all therapy and most Sup 
portive care had been withdrawn. He was down to sips of 
water for days on end. Patient C was given the current inven 
tion, liposomal glutathione (reduced) one teaspoon Three 
times a day (400 mg. per teaspoon) for a total of 1200 mg per 
day. Each teaspoon was diluted in 2 ounces of applejuice. 10 
hours later, the next day, the patient was observed to have a 
significant improvement in general outlook, reporting a sig 
nificant lessening of depression and pain, and over-all vigor 
that led to a dramatic improvement in his condition that lasted 
for several days. Unfortunately, this effect was not perma 
nent. The improvement observed lasted about 6 days. 
0131) For background information on the effect of liposo 
mal glutathione on neurotransmitters, the reader is referred to 
Guilford U.S. patent Ser. No. 1 1/420,168 filed May 24, 2006. 

Example 4 

0132 AF, a 67 year old man with anotherform of vascular 
disease, hypertentions, presents with continued elevation of 
blood pressure in the range of 190/100 to 210/110. The high 
blood pressure was attributed to an upper respiratory infec 
tion and anxiety. On the follow up visit, two weeks later, the 
pressure remained elevated. While considering medication, A 
F elected to startarginine 450 mg capsule in combination with 
liposomal glutathione 800 mg, in a liquid form. Beginning the 
next morning, his blood pressure was measured at 150/90. 
While maintaining this regimen, his blood pressure has fluc 
tuated somewhat remained in the 160/90 area. 

Example 5 

0.133 MR, a 60 year old woman, with diabetes requiring 
insulin therapy also has a long history of elevated blood 
pressure. The blood pressure was previously controlled using 
lisinopril 20 mg. daily. Her blood pressure then became 
uncontrolled with readings of 188/92. The dose of lisinopril 
was increased to 20 mg twice a day, which over 3 days 
brought her blood pressure down to 145/92. MR was started 
on one 1-arginine 450 mg. per capsule in combination with 
mg liposomal glutathione in its liquid form. The next day her 
blood pressure was 130/74. The dose of lisinopril was low 
ered to 20 mg once a day. Continuing the arginine and lipo 
somal glutathione, the blood pressure remains stable at 130/ 
74. 
0134. The current invention proposes the use of reduced 
1-glutathione delivered in a liposomal encapsulation as a 
therapeutic to ameliorate the oxidation stress that leads to the 
formation of atherosclerosis. The liposome encapsulated 1-re 
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duced glutathione will be referred to as Reduced Liposomal 
Glutathione. The term glutathione will be used to refer to the 
biochemically reduced stated of glutathione. The liposomal 
formulation is available from BioZone Laboratories, Inc. of 
Pittsburgh, California for use with the glutathione(reduced) 
and other pharmaceutical agents referenced in the invention. 
The liposomal glutathione(reduced) in the preferred formu 
lation is available from Your Energy Systems, LLC. of Palo 
Alto, Calif. That formulation of liposomal glutathione (re 
duced) produced with BioZone liposomes by Your Energy 
Systems, LLC can, unlike other formulations, be stored for at 
least months at room temperature. 
0.135 The role of reduced 1-glutathione in atherosclerosis 
prevention has previously not been well understood. This is in 
part because there has heretofore been no method of supply 
ing reduced glutathione to the human system via a conve 
nient, regular method. The use of intravenous glutathione 
reported by Arosio is too cumbersome and impractical to find 
routine clinical usage. In previous studies, a liposomal deliv 
ery of reduced glutathione has not been available. The present 
invention offers the substantial advantage of being utilized 
orally, transdermally, mucosally as well as intravenously. 
0.136 The recent unpublished study by Michael Aviram, 
PhD, commissioned by one of the inventors, see example 1, 
reveals that glutathione peroxidase (GPX) is present in the 
cholesterol molecules removed from volunteers with normal 
cholesterol levels. The predominant amount of GPx was 
found in the LDL fraction of the cholesterol. The administra 
tion of even extremely small amounts of the present invention 
was able to prevent the oxidation of cholesterol and its sub 
components LDL and HDL when they were exposed to mate 
rials known to cause oxidation of lipids. The materials used to 
precipitate lipid oxidation were both a metal of CuSO4 for 3 
hours at 37°C., or a chemical oxidizer, 5 mmol/L of the free 
radical generator 2,2-azobis 2, amidinopropane hydrochlo 
ride (AAPH). 
0.137 The study demonstrates the novel finding that glu 
tathione peroxidase is present in the native state with choles 
terol, HDL and LDL. This enzyme is specific for function 
with reduced glutathione. When the oxidizers affecting the 
system exceed the availability of the system's glutathione 
support of the peroxidase, oxidation stress will occur. When 
the oxidation stress continues and causes irreversible damage 
to lipids and cell membranes, oxidation damage occurs. The 
damage to cell membranes eventually spreads to the entire 
system of tissue of these cells with consequent compromise 
of organ function and disease. The normal system's produc 
tion of glutathione to Support a high fat environment has been 
demonstrated to have a finite capacity in animal studies. Short 
term exposure, 18 days, to high fat diets in rabbits demon 
strates that there is an initial increase in the production of 
glutathione. After a longer period of the diet, 80 days, how 
ever, a significant reduction in reduced glutathione was noted 
(Lapenna). The deficiency in glutathione was also correlated 
with the appearance of atherosclerotic changes in the rabbit 
aorta, which were not evident in the animals with normal 
amounts of reduced glutathione. The results related in 
Example 1 illustrate that oxidized LDL can be maintained in 
a normal oxidative state using the present invention, liposo 
mal encapsulated glutathione. This finding Suggests that the 
appearance of the oxidized form of LDL, that precedes ath 
erosclerotic changes in mammals with excess cholesterol or 
LDL, could be delayed or prevented using liposomal glu 
tathione. This information is also highly suggestive that the 
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current invention, liposomal reduced glutathione in individu 
als prone to atherosclerosis can delay or prevent the oxidation 
of LDL and thereby slow that the progression to atheroscle 
rosis, or stop the progression and perhaps reverse it. 
0.138. It is proposed that the current invention, liposomal 
reduced glutathione, be used as atherapeutic for prevention of 
progression of atherosclerosis and potentially for reversal of 
atherosclerosis by facilitation of HDL activity by preventing 
HDL oxidation in individuals with evidence of atherosclero 
sis such as increased intimal thickening, low reduced glu 
tathione levels or abnormal elevation of the ratio of reduced 
glutathione to oxidized glutathione (gsh/gssg) or other biom 
arkers of oxidation stress such as oxidized LDL. It is pro 
posed that the invention, liposomal glutathione, also be used 
in individuals with elevation of cholesterol or LDL or with 
mammals with increased levels of oxidized LDL. It should 
also be added to the management plan for the finding of one 
or more of these additional biomarkers of vascular disease 
and atherosclerosis, which include Lipoprotein(a), homocys 
teine, interleukin-6 and tumor necrosis factor receptor, C-re 
active protein or fibrinogen (collectively referred to as “Vas 
cular Disease Biomarker. These Vascular Disease 
Biomarkers are indicators of and associated with, an 
increased risk of forming a clot due to vascular disease and 
impeding blood flow: an occurrence which is known as a 
thrombotic event. 

0.139. The novel and surprising finding of the presence of 
glutathione peroxidase in the cholesterol fraction known as 
LDL in the study cited in example 1 provides a valuable link 
in the understanding of the oxidation of LDL. The informa 
tion cited explains how either excess amounts of cholesterol 
or LDL leads to the continuous formation of oxidized cho 
lesterol or LDL as elevations of these materials eventually 
overwhelms the production of reduced glutathione. Thus, 
elevated levels of cholesterol or elevated levels of oxidized 
LDL (oxLDL) are both biomarkers of atherosclerosis (Fra 
ley) and direct contributing causes of atherosclerosis. Intro 
ducing antioxidants such as vitamin C and vitamin E in 
humans to slow the oxidation stress has not been as helpful as 
anticipated (Cynshi). The action of prevention of oxidation of 
LDL by use of the present invention, liposomal reduced glu 
tathione, provides a composition to directly interact with the 
glutathione peroxidase, which is the method provided by 
nature for the stabilization of these lipids and demonstrates a 
method of preventing and slowing the damage related to 
oXLDL in a number of disease states as shown in Example 1. 
For example. It is proposed that the use of the present inven 
tion slow or prevent the progression of the arterial damage 
that occurs related to oxLDL due to the direct protective effect 
that has demonstrated on human, LDL and HDL as reviewed 
in the unpublished work presented in Example 1. 
0140 Elevations of cholesterol which persist over a period 
of time have been shown in animal models to deplete the 
antioxidant capacity of the organism leading to simultaneous 
events resulting in dysfunction. Elevated cholesterol leads to 
depletion of glutathione, an excess of OXLDL and a progres 
sion of events that can result in tissue changes and damage 
Such as atherosclerosis as demonstrated in the study of rabbits 
fed high cholesterol diets for long periods of time (Lapenna). 
It is proposed that the continued oral usage of the current 
invention, liposomal reduced glutathione, will maintain 
reduced glutathione as prevention against the damage that can 
occur with low reduced glutathione levels, which leads to 
elevations of oxidized LDL. The present invention is a com 
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position that can be used to provide on a continual basis that 
is the natural method for preventing the oxidation of LDL. 
The enzyme glutathione peroxidase that is a major compo 
nent of this system is a catalyst and effectively can be re-used 
on a continuing basis, as this is the nature of enzymes. 
Enzymes provide for the enhancement of a biochemical reac 
tion without being used up. The element in the glutathione 
related antioxidant system that must be provided for on a 
continuing basis is reduced glutathione. Normally, the body is 
able to make glutathione in adequate amounts and have 
reduced glutathione available in adequate amounts. Situa 
tions that cause an increased demand on the glutathione anti 
oxidant system are common in today’s world. The normal 
utilization of oxygen for energy production causes the forma 
tion of biochemicals called free radicals that increase oxida 
tion stress, so that even normal exercise can cause oxidation 
stress. Normally, the body can overcome the “normal' 
amount of Such stressors, but the additional oxidation stress 
from pollutants or toxins such as toxic metals can increase the 
demand for production of reduced glutathione. The presence 
of increased fats in the diet leading to excess cholesterol and 
LDL will increase the demand for reduced glutathione. 
Defects or stressors that lead to the biochemical situation 
described by the “taurine shunt” will lead to the decreased 
availability of reduced glutathione. In these situations. The 
continuous daily oral ingestion of an outside source of 
reduced glutathione in the form of liposomal glutathione is 
proposed as a method of maintaining the levels of reduced 
glutathione that are normally present in the system. The avail 
ability of reduced glutathione in the system will maintain the 
normal mechanism for the prevention of oxidation of lipids 
such as LDL and HDL. This, in turn, prevents the formation 
of the abnormalities leading to plaque formation and athero 
sclerosis. Thus, the present invention provides a method for 
the prevention of atherosclerosis and the many diseases asso 
ciated with decreased blood flow. It also provides a method 
for the treatment of individuals at risk of progression of 
existing atherosclerosis and other organs at risk for damage 
from decreased blood flow. 

Other Organs and Erectile Dysfunction 
0141 Vascular disease can affect other organs in addition 
to the heart (coronary artery disease and heart attack) and 
brain (cerebral blood flow and stroke). Low density lipopro 
tein (LDL) exists within the brain and is highly vulnerable to 
oxidative modification. Oxidized LDL (oxLDL) is capable of 
causing neuronal cell death in cultures of brain cells known as 
neurons. Amyloid 3-peptide is the peptide found tangled in 
the brain of individuals with Alzheimer's Disease. Glutamate 
is a biochemical found in the brain and which is released into 
the connector area between neurons known as the synapse. 
Glutamate is an excitatory stimulant neurotransmitter Sub 
stance that should be rapidly removed and converted to 
glutamine by the addition of an ammonia group. 
0.142 Incubating neuronal cells exposed to oxLDL with 
either amyloid B-peptide or glutamate increased the oxidative 
stress in neurons, astrocytes, and microglia and resulted in an 
increase in neuronal death (Keller, 1999). This data suggests 
that OXLDL may play a role in brain dysfunction Such as 
Alzheimer Disease. Additionally there is data to support the 
observation that highly oxidized high density lipoprotein (OX 
HDL) can also induce oxidation stress in neurons, astrocytes, 
and microglia. The increase in oxidation stress in these brain 
cells leads ultimately to neuron death. Chemical changes that 
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are associated with oxidation damage have also been identi 
fied in the post mortem brain tissues of individuals with 
Alzheimer's disease (Keller, 2005). It is postulated that oxi 
dative damage may one of the earliest events in the onset and 
progression of Alzheimer's disease. It is proposed that the 
present invention be used to prevent the oxidation of LDL and 
HDL in the brain that precedes the clinical diagnosis of 
Alzheimer's disease. The present invention is proposed as a 
preventative for the brain damage that may accompany 
increased oxidized LDL in the peripheral blood circulation as 
well as the oxidative changes that occur in the central nervous 
system and brain circulation. As Example 1 demonstrates, the 
oxidation of LDL and HDL will clearly be impeded by lipo 
Somally encapsulated reduced glutathione. 
0143 Because elevated cholesterol is known to be a risk 
factor developing Alzheimer's disease. It is proposed that the 
present invention be used in combination with one of the 
pharmacologic preparations known as statins for the preven 
tion of the oxLDL and oxHDL changes that precede and are 
associated with Alzheimer's disease. The dosing is the same 
as those reviewed in the section “Combination with Statin’. 
The preferred preparation is a combination of the liposomal 
glutathione in combination with a statin that does not cross 
the blood brain barrier such as pravastatin, which is highly 
hydrophilic and less likely to cross the blood-brain barrier. 
The advantage of a statin that does not cross the blood brain 
barrier is that it will not impair the production of cholesterol 
needed in the brain for the formation of myelin, the covering 
of nerves in the brain. Rosuvastatin is also hydrophilic and 
may be considered for this purpose of providing a statin that 
does not cross the blood brain barrier to use in combination 
with liposomal glutathione for a long term therapy. The lipo 
philic statins include simvastatin, lovastatin, atorvastatin and 
fluvastatin. 

0144. The use of the more hydrophilic statin is proposed as 
the medication may need to be used for a long period of time, 
probably years, to avoid the development of Alzheimer's 
disease and using a statin that does not readily cross the blood 
brain barrier will reduce the potential for brain related com 
plications. The initial dose for the prevention of Alzheimer's 
disease is pravastatin 5 mg. and 400 mg of liposomal glu 
tathione. 

0145 Recent evidence demonstrates that erectile dysfunc 
tion has been statistically and clinically associated with vas 
cular disease and atherosclerosis. It has been reported that an 
elevation of cholesterol (Kim) as well as the amount of cho 
lesterol relative to the amount of HDL called the Cholesterol/ 
HDL ratio (Eaton) is a significant biomarker for erectile dys 
function. As discussed the elevation of cholesterol without 
adequate HDL will result in an excess of oxidation of LDL. 
Thus, oxidized LDL appears to be a significant factor in the 
pathophysiology of erectile dysfunction and that the present 
invention should be considered in the management of erectile 
dysfunction. This observation is supported additionally by 
the finding that red blood cell glutathione concentrations are 
significantly lower in individuals with erectile dysfunction 
(Tagliabue). The same study also confirmed the observation 
that there is an inverse relationship with the level of reduced 
glutathione and glucose levels in individuals with diabetes. 
0146 It is proposed that the present invention be used in 
the management of erectile dysfunction both with and with 
out diabetes. It is also proposed that the present invention, 
liposomal glutathione, be used in conjunction with drugs like 
Sildenafil (Viagra), Tadalafil (Cialis (TM of Lilly, Inc.)) and 
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Vardenafil (Levitra (TM of Bayer, Inc.)) to increase their effi 
cacy so that a smaller amount of the drug may be used or the 
present invention, liposomal glutathione be may be used in 
combination with natural, herbal erectile stimulants such as 
yohimbine. Yohimbine derived from an African plant and is 
sold as an herb and muirapuma derived from a Brazilian plant 
(Waynberg). Muira Puma has been reported to have an 
enhanced effect on desire in both women and men and in 
combination with the present invention, liposomal glu 
tathione. It is proposed that the combination, with or without 
gingko biloba, be used in the management of erectile dys 
function in both men and in women with sexual dysfunction. 
Other herbs of interest in these combinations may include 
Ashwaganda and Mucuna pruriens. All of the Substances that 
function as erectile stimulants including the Substances listed 
in this paragraph are referred to as "erectile stimulants.” 
Combination with Statin 

0147 The biochemical cycle that produces cholesterol 
includes a Substance called Acetyl-CoA enzyme. It is con 
Verted to an intermediate called mevalonate by an enzyme 
called 3-hydroxy-3-methylglutamate-CoA reductase 
(“HMG-CoA). Recent pharmaceutical advances have pro 
duced a number of substances that inhibit the activity of 
HMG-COA and slow the production of cholesterol. HMG 
CoA reductase inhibitors have been used and are referenced 
to be used to reduce cholesterol to slow various blood vessel 
and related heart disease problems which we generally refer 
to as cardiovascular disease and atherosclerosis. Current 
therapy for the treatment of cholesterol elevation is the use of 
HMG-CoA inhibitors to lessen the production of cholesterol. 
At the same time, the HMG-CoA reductase inhibitor simvas 
tatin has been shown to produce positive effects in the endot 
helial lining of blood vessels even independent of its lipid 
lowering effects. Animals with high cholesterol diets who 
exhibited continued high serum cholesterol who were admin 
istered simvastatin demonstrated a lower rate of production of 
F(2)-isoprostanes and thiobarbituric acid-reactive substances 
(TBARS), markers of oxidative stress, thananimals who were 
not treated with simvastatin and maintained on a high cho 
lesterol diet. Arteriosclerosis Thrombosis Vascular Biology 
January 2001; 21 (1): 122-8). Simvastatin is an analog of lov 
astatin, which are both statins produced from aspergillus 
terreus. The HMG-CoA reductase inhibitors are known as a 
class of drugs called “statins' and include atorvastatin (brand 
name Lipitor (TM of Pfizer, Inc.)), fluvastatin (Lescol (TM of 
Novartis)), lovastatin (Mevacor (trademark of Merck, Inc.)), 
pravastatin (Pravachol (TM of Bristol-Myers-Squibb, Inc.)), 
simvastatin (Zocor, trademark of Merck, Inc.), cervistatin 
(Baycol (trademark of Bayer, Inc.) and rosuvastatin (brand 
name Crestor (TM of AstraZeneca)). Also included in the term 
statin are natural statins, including those which can be pro 
duced from fermented Chinese red rice and formulated to be 
a therapeutic statin, including cholestin 
0.148. The presence of the HMG-CoA reductase inhibitor 
may contribute to moderating the effects of lipid peroxidation 
by moderating a complex series of biochemical events. An 
increased activity of the NAD(P)H oxidase, an enzyme asso 
ciated with biochemical oxidation in the vascular system, has 
been reported in both animal experiments and human coro 
nary artery disease. It appears to play an important role in the 
production of Reactive Oxygen Species (ROS). The action of 
the NAD(P)H oxidase enzyme has also been shown to pro 
mote “uncoupling of the enzyme that produces NO in the 
endothelial cells, called NO synthase. Nitric oxide is an 
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important component of the vasodilating mechanism. The 
“uncoupling this enzyme changes the production of NO to 
the production of the Superoxide radical and not production of 
nitric oxide. Additionally, the action of an antioxidant 
enzyme, extracellular Superoxide dismutase may be 
decreased by NAD(P)H oxidase. It is thought that vascular 
treatment strategies that include statins, angiotensin-convert 
ing enzyme (ACE) inhibitor orangiontensin I receptor block 
ade may exert an antioxidant effect by reducing the availabil 
ity of NAD(P)H oxidase leading to an increase in 
extracellular Superoxide dismutase activity (Landmesser). 
This sequence of events apparently then leads to the improved 
endothelial function observed with these drugs and to the 
decreased production of lipid oxidations products such as 
isoprostanes. None of these drugs, which represent the stan 
dard therapy at this time, act directly on the glutathione per 
oxidase enzyme as is demonstrated to occur with the present 
invention. The administration of the present invention, lipo 
somal glutathione, contributes directly to the stability of lipid 
membranes by the direct interaction of reduced glutathione 
with the enzyme glutathione peroxidase which is present with 
the LDL and HDL cholesterol. This is a novel and surprising 
mode of action related the present invention. 
Further Combination with Ubiquinone (CoQ10) 
0149. At the same time that statin drugs have been dem 
onstrated to be effective, they can also create undesirable side 
effects at a rate that may be higher than previously suspected. 
A recent, 2006, report of 50 consecutive cardiology patients 
on statin drug therapy for an average of 28 months were found 
to have possible adverse effects related to statin drug use 
(Langsjoen). These side effects include myalgia, fatigue, dys 
pnea, memory loss and peripheral neuropathy. It is thought 
that the side effects are due to a decrease in the production of 
a lipophilic enzyme known as coenzyme Q10 (CoQ10) also 
known as ubiquinone, due to the inhibition of mevalonate 
synthesis by the statin. These side effects offer a serious 
impediment to prolonged use of statin drugs. In addition these 
side effects may limit the most recent guidelines of the 
National Cholesterol Education Program which called for 
more aggressive use of statins to lower LDL levels to at least 
less than 100 mg/dl for patients at moderate or high risk of 
cardiovascular disease and to less than 70 mg/dl for patients at 
high risk of vascular disease (Guthrie). These guidelines have 
been recommended because of the continued correlation of 
higher incidence of death from vascular disease at higher 
levels of cholesterol. Reducing the total amount of LDL does 
not appear to be the total answer to avoiding atherosclerosis. 
Thus, the concept that the amount of oxidized LDL may 
actually be a more important factor than the total amount of 
LDL in terms of contributing to artery disease is beginning to 
emerge. 
0150. It is proposed that liposomal glutathione be used in 
combination with statin drugs to allow a lower amount of 
statin to be needed to provide a preventive effect from cho 
lesterol. The net effect of the combination is to decrease the 
oxidation of cholesterol to a greater degree than the single 
effect of the statin alone. Thus the reduction of amount of 
oxidized cholesterol will result in an improved avoidance of 
vascular occlusion using a lower amount of the statin drug and 
avoid the complication of depletion of CoQ10. 
0151. The components of the present invention combina 
tion would be Supplied in either a single liposome containing 
the HMG-CoA reductase inhibitor and reduced glutathione. 
Alternatively, the components of the present invention com 
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bination would be supplied in either a single liposome con 
taining the HMG-CoA reductase inhibitor and reduced glu 
tathione and CoQ10. Alternatively, the components could 
also be taken individually, but concurrently in their present 
pill, capsule or liquid form in order to individualize the 
amount of each component to the needs of the individual. For 
the HMG-CoA reductase inhibitor the dose may range from 
0.10 to 80 mg/day in a single or divided administration. The 
dose of CoQ10 may vary from 25 mg to 1 g in single or 
divided doses. A typical CoQ10 dose for a normal adult (70 
kg) would be 100 mg per day. The liposomal reduced glu 
tathione dose may range from 100 mg to 2500 mg per day, 
with the most common dose expected to be in the range of 400 
mg once or twice a day for a average adult. A rule of thumb for 
the preferred dose to begin treatment would be one-half of a 
typical starting dose in combination with the liposomal 
reduced glutathione, such as reduced glutathione of 400 mg 
twice per day and simvastatin 5 mg. 
0152 The dose used in the combination of statin and lipo 
Somal reduced glutathione is 10 mg of simvastatin once a day 
and 400 mg of liposomal glutathione administered in two 
divided doses. Another preferred combination would be 
0153. It is proposed that the present invention, liposomal 
glutathione may be used as a sole therapeutic to ameliorate 
the oxidation of cholesterol, HDL and LDL and to lessen the 
risk of vascular accident. It has been found in the past that the 
lowering of cholesterol will result in a decreased risk of 
vascular accident, but there has been no previous recommen 
dation of a Substance or combination to reverse the oxidation 
state of lipids in the prevention of vascular accidents. 
0154 It is proposed that the current invention, liposomal 
glutathione be combined with CoQ10 either as individual 
dosed materials or combined in a liposomal encapsulation for 
the reduction of incidence of vascular accident and athero 
Sclerosis. 

0.155. It is proposed that the combination of liposomal 
glutathione combined with CoQ10 be used to ameliorate the 
effects of low CoQ10 whether this is spontaneously occurring 
or related to the use of Statin medications. 

0156. It is proposed that liposomal glutathione be com 
bined with CoQ10 and a statin for the purpose of reducing 
side effects of Such as myopathy associated with statin 
therapy for reduction of cholesterol. An additional applica 
tion of this combination is for the amelioration of the effects 
of oxidized cholesterol, and or oxidized HDL and/or oxidized 
LDL cholesterol. A review reveals neither a specific refer 
ences for the use of the combination of glutathione nor 
reduced and CoQ10 nor the combination of reduced glu 
tathione and CoQ10, nor the use of liposomal encapsulation 
of reduced glutathione and CoQ10 for management of vas 
cular disease. 

0157 For patients on an existing regiment of a statin 
therapy, the administration of liposomal reduced glutathione 
combined with CoQ10 is proposed according to the dosages 
recommended above. 

0158. As reviewed in examples 4 and 5, the liposomal 
glutathione is effective in combination with either a nutrient 
that increases nitric oxide Such as arginine or lysine or in 
combination with a prescription medication Such as lisinopril 
in combination with arginine and the liposomal glutathione. 
0159. The preferred dose of the combination of the inven 
tion, liposomal glutathione, and arginine is liposomal glu 
tathione 800 mg in combination with each 450 mg capsule of 
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arginine. This combination may be taken once or twice a day 
as needed to maintain a normal blood pressure. 
0160 The preferred combination of the invention in com 
bination with blood pressure medication is with lisinopril 20 
mg daily, in combination with 800 mg of liposomal glu 
tathione. This may be combined with arginine 450 mg as 
needed. The preferred mode of the invention is the combina 
tion of lisinopril 20 mg and Liposomal glutathione 800 mg (2 
teaspoons). Additional preferences include the other agents in 
the Angiotensin Converting Enzyme (ACE) Inhibitor cat 
egory of drugs. 
0161 The invention, liposomal glutathione, is also pro 
posed in combination with the nitric oxide enhancing agents 
Such as the nutrients 1-arginine and 1-lysine in order to facili 
tate the formation of GSNO, which is needed for vasodilation. 
0162. It is proposed that the invention, liposomal glu 
tathione, in combination with an antihypertensive agent Such 
as lisinopril and arginine to allow a more efficient blood 
pressure lowering using a lower dose of the antihypertensive 
agent as illustrated in example 5. 
0163 The invention is not meant to be limited to the dis 
closures, including best mode of invention herein, and con 
templates all equivalents to the invention and similar embodi 
ments to the invention for humans and mammals and 
veterinary science. Applications by the inventor Guilford ref 
erenced herein are adopted by reference to the extent neces 
sary needed to Supplement the specification and to understand 
the invention and claims. 
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1-22. (canceled) 
23. A pharmaceutical composition for treatment of vascu 

lar disease, in a mammalian patient, comprising: 
reduced glutathione in a liposomal formulation capable of 

administration orally, dermally or mucosally, where the 
concentration of reduced glutathione in the entrapped 
aqueous space of the liposomes is at least 123 mM, and 

an ACE inhibitor. 
24. The pharmaceutical composition according to claim 

23, further comprising: 
Selenium. 
25. A pharmaceutical composition for treatment of vascu 

lar disease, in a mammalian patient, comprising: 
reduced glutathione in a liposomal formulation capable of 

administration orally, dermally or mucosally, where the 
concentration of reduced glutathione in the entrapped 
aqueous space of the liposomes is at least 123 mM, and 

lisinopril. 
26. The pharmaceutical composition according to claim 

25, further comprising: 
Selenium. 


