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‘[57] ABSTRACT

Psyllium gum and polyol polyesters are administered orally

to reduce blood cholesterol levels.
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ABSTRACT
Psyllium gum and polyol polyesters are administered

orally to reduce blood cholesterol levels.
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LoCINICAL FILLD

The present invention relates to wmethods ard compo-
sitions for reducing blood cholesterol levels by oral
administration of payllium derivatives and polyol poly-
esfefs.

BACKGROUND O My IHVSIHTTION

Migh blood cholesterol (hypercholesteroledia) is
reco:nized as beinn A risk factor in cardiovascular dis-
ease which comprises a major hcalth care problem, today.
Bpidemiological studies have demonstrated that, with few
exceptions, populations consuming large quantities ofF
sqturited fat and cholesterol have a relatively high con-
centration of serum cholesterol and a high mortality rate

from coronary heart disease. Jhile it is recognized that

other factors coa ~lan contridbute to the development of

cardiovascular discase, thera anprars
tionship between the concentration of
which hypercholesterolemia results in
undesirable amounts of cholesterol in
circulatory éystem (arteriosclerosis)
(xanthomatosis), ad corsan g 1ioneans

rates.

sonssl molos
serum cholesterol, in
the accumalabion ¢f
various parts of the
or in soft tissues

. ., .ronary mortality

!
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A variety of dictiy 1o+ repimens have been
suggestesd for alleviati s or preventing hypercholester-
olemia. !lowever, many of those ave wnlesirablsy sdde
effects or give suboptimal asults. Accordingly, the
senrch For aaberials hich el “lood cholesterol has
continued.

In the present invention, nonabsorbable, nondigest-

ible polyesters are used in combination with psylliun

derivatives as orally-administered cholesterollovering

~ compositions. In one mode, the compositions herein are

" additionally fortified with fat-soluble vitamins.

U 3ACKGROUND ART

J. Be. Garvin, D. T. Fornan, W. R. Biscnnn, and C.
R. Phillips, Proc. Soc. Exp. Biol. ited., 120, 744 (1965)
describe the administration of payllium (as HETAMUCIL
brand laxative) to human volunteers, ;esulting in a reduc-
tion in blood cholesterol levels. Also, see Forman, et
al, ibid 127, 1060—1063 (1963).

There are a considerable number of United States
patents relating to the use of nonabsorbable, nondigest-
ible polyol polyesters of the type employed herein as
cholesterol lowering agents. See, especially, U.S. Fat.
los. 3,600,186; 4,005,195; 1,005,196 (includes fag~soluble
vitamins); 4,034,083 (with fat-soluble vitamins); in various
food compositions, e.g., U.5. Pat. Hos. ",363,213;3 h,161,782;

3,579,548; and in phermacentical products, €-Gey U.5. Pat. llos.

-3 - | L i}
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3,455,71h and h,321,263;

3,954,9765 1,211,054 h,26h,5%3; and 4,382,92hk,  llanu-
facturing processes for the polyol polyesters are des-
cribed in U.5. Pat. Ho.s 3,963,699; 1,517,367 and
,518,772. All of these patents are incarporated herein
by referenca,

Psyllium derivatives (nls0 referred to as "gums' or
""hydrophilic mucilloids") of the type employed herein are

known commercially as HMOTANUCIL, brand laxative and are

‘- described in Goodman and Gilwan, The Pharmacolonic Basis

-of Therapentics Sth £d. 979 (1975).. See also U.S. Patents

anatd s .
i e IR R L SN

SUMMARY OF [ INVIHTION

The present invention encompasses orally~admninis-
tered compositions of matter for reducing blood chonles-
terol levéls in humans or lower animals, comprising a
mixture ofs .

J
(a) psyllium seed gum or source of psyllium seed
gum; and

(b) a nonabsorbable, nondipgestible polyol polyester.

The invention also enconpasses a method for reduc-
ing blood cholesterol in a patient (including bhoth humans
and lover animals) in need of such treatment, comprising

orally administering to snid patient a safe and effective

amount of:
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(a) psyllium seed gum or a source of psyllium seed

4 .
gum; and

(b) a nonabsorbable, nondigestible polyol pnlyester;

of

(¢) mixtures of (a) and (b),

The compositions herein can be provided in bulk form
as granules, or in unit dosaje forms such as tablets, cap-
sules, effervescing pranules or tablets, and the-like;

The compositions can contain various flavorings, extenders,
tableting aids, and the like, well-known to formulatofs
of pharmaceutical products.

In an optional embodiment, the compositions herein
can be fortified with fat-soluble vitamins, since the
polyol polyesters can undesirably deplete the body's
stores of these vitamins.

All pércentages, ratios and proportions herein are
by weight,runless.otherwise specified.

DETAILED DuSCRIFPLION OF THE
INVANITION

The psyllium gum used in the practice of this inven-
tion comes from psyllium seed, from plants of the Plantago
genus. Various species such as Plantago lanceolatey P.
rugelii, and P. major, are knowne. Commercial psyllium
inc}gdes the French (blackj Plantago indica)y Spanish (P.

psyllium) angd Indian (blondj P. ovata). ‘The gum content

1
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of the psyllium varies: French psyllium, 11.8:%, Indian
psyllium, 30.9;6; and UGerman psyllium, 11.59. Indien (blond)
psyllium is preferred for use hereine

The psyllium gum (or "hydrophilic nmucilloid") is
located in the seed coat, from wvhich it is readily extract-
able by water. [Lhus, intact or macerated sceds can be
used in the practice of this invetion; however, it is
more typical to remove the sred coats from the rest of
the seed by, for example, slight mechanical pressure, and
then to use.only the coats a3 a source of the gum. In the

practice of the present invention jt is convenient and

typical to use macerated seed coats in the final formulation

as the source of the psyllium seed gum, but, in an alternative

proceddre, the seed coats are extracted with water to remove
the desired gum for use in the compositions and methods
herein,

The nonabsorbable, nondigestihle polyol polyesters
(or, simply, polyesters) employed in this invention com-
priése certain polyols, especially sugars or sugar alco-
hols, esterified Wwith at least four fatty nacid gfoups.
Accbrdingly, the polyol starting materinl must have at
jeast four esterifiable hydroxyl groups. lixamples of pre-
ferred polyols are supars, including monosaccharides and
disaccharides, and sugar alcohols. Lxamples of mono-
saccharides containing four hydreoayl groups are xylose

and arabinose and the sugar nlecohol derived from xylose,
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which has five hydroxyl groups, i.c., xylitol. (fhe
monosacchnaride, erythrose, is not suitable in the prac-
tice of this invention since it only contains three
hydroxyl groups; but the sugar nlcohol derived from
erythrose, i.e., ervthritol, contains four hydroxyl
groups and accordin ly can be used). Buitabls: five
hydroxyl grovp-containing monosaccharides are pgalactose,
fructose, and sorbose., Sugar alcohols containing six
-OH groups derived from the hydrolysis products of subrose,
as well as zlucose and sorbose, @.fey sorbitol, are also
suitable. - Examples of disaccharide polyols which qan be
used include maltose, lactose, and sucrose all of which
contain eipght hydroxyl gfoups.

Preferred polyols for preparing the polyesters for
use in the p{eseut invention are selected from the'grbup
consisting of erythritel, 'ylitol, sorbitol, glucose and
sucrose. Bucrose is especialiy preferred. °

The polyol starting material having at 1e§st four
hydroxyl groups must be esteritied on at least four of
the -OH groups with a fatty acid containing from abont 8
to sbout 22 carbon atoms. Lxamples of such fatty acids
include caprylic, capric, lauric, myristic, myristoleiec,
palmitic, palmitoleic, stearic, oleic, ricinoleic,
linoleic, linolenic, eleostearic, arachidic, arachidonic,
behenic, and erucic acid. The fatty acids can be derived

from naturally occurriung or synthatic fatty acids; they

BAD ORIGINAL
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can be saturated or unsaturated, including positional
and geometrical isomers, depanding on the desired physi-
cal properties (e. ., liquid of = Jdesired viscosity or
s0lid) of the polyol fatty ccid polyester compound being
prepareds

Fatty acids ner se or naturally occurring fats and
0ils can serve 1s the source for the fatty acid component
in the polyol fatity acid polyester. TFor example, rape-

seed oil provides a pood source of U,
(A% o

fatty acids. The
C16—C18 fatty acids can be chtained from tallow, soybean
0oil, and cottonseed oil. Shorter chain fatty acids can
be obtained from coconut, pelm kernel, and babassu oils.
Corn oil, lard, oil, palm oil, peanut oil, safflower seed
0il, sesame seed oil, and sunflower seed oil are examples
of other natural oils which can serve as the course of the
fatty acid ured to prepare Lhe polyesters herein.
Prefefred fatty acids for preparing the polyol
polyesfers herein are the C]“ to 018 acids, and are nost
preferably selected fror Lhe gloap consisting of myristic,
palmitic, stearic, oleic, and linoleic fatty acids. Thus,
natural fats and oils which have a high content of these
fatty acids represeut preferred sources for the fatly acid
component, i.e., soybean oil, olive nil, cottonseed oil,

corn oil, tallow and lard,.

f
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The polyol fatty acid polyesters nseful in this
invention must contnin at least four fatty acid ester
groups. Polyol fatty acid polyester compounds that

contain ‘three or less fatty acid ester groups are

“digested in and the products of direstion are absorbed

from the intestinal tract much in the manner of ordinary
triglyceride fats, whereas ithe polyol fatty acid poly-
ester compounds that contain four or more fatty acid
ester groups are substantially nondigestibie and conse-~
quently nonabsorbable by the human body. It is not
necessary that all ¢f the hydroxyl groups of the polyol
be esterified with fatty acid,‘but it is preferable that
the-polyester contain no more than two unesterified
hydroxyl gfoups. Most preferably, substantially all‘of
the hydroxyl groups of the polyol are esterified with
fatty acid, i.e., the compound is substantially com-
pletely esterified. The fatty acids esterified to the
polyol molecule can be the sume or mixed.

To illustrate the above points, a sucrose fatty
triester would not be suitable for use herein because it
does not contain the required four fatty acid ester
sroups. A sucrose tetra-fatty acid ester would be
suitable, but ié not preferred because it haé mgre than
two unesterified hydroxyl groups. A sucrose hexa—fétty
acid ester would be preferred because it has no more than
two unestérified hydroxyl groupss Highly preferred

compounds in which all the hydroxyd groups are eaterified

o
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with fatty acid include the sucrose octa-fatty acid
esters.

In any given polyol fatty acid volyester compound
the fatty acid ester groups cun bhe selected on the basis
of the desired physical properties of the compound. For
example, the polyol polyesters which contain unsaturated
fatty acid ester groups and/or a preponderance of short
chain, e.g.y 012, fatty ester groups are generally
liquid at room tewmperature. rlhe polyols esterified with
longer chain and/or saturated fatty acid groups such as
stearoyl are solids at room temperatures,

W 'Tﬁe following are nénlimiting examples of speéifié‘
polyol fatty acid polyesters containin; nt least four
fatty acid ester groups suitable For use in the present
invention: glucose tetraoleate, glucose tetrastearate,
the glucose tetraesters of soybean oil fatty acids, the
mannose tetraesters of mixed tallow fatty acids, the
galactose tetraesters of olive oil fatty acids, the
arabinose tetraesters of cottonseed oil fatty acids,
xylose tetralinoleate, galactose pentastearnte, sorbitol
tetraoleate, the scrbitol hexnesters of olive oil fatty
acids, xylitol pentapalmitate, the xylitol tetraesters of
substaatially completely hydropenated cottonseed oil

fatty acids, sucrose tetrastearate, sucrose potastearate,
sucrose hexaolioate, sucrose octaols~nte, the sucrose octa-
esters of partially or suhstantially completely hydrogenated

soybean il fatty acids and the rmerose octnesters of peanut
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oil fatty acids.

As noted above, highly prefrrred polyol fatty acid
esters are those wherein the fatty acids contain from
about 1k to about 12 aarbon atons and are thus derived
from such natural mutdrinls‘as soybean oil and olive oil.
ixemples of such compounds are tie erythritol tetraesters
of olive oil fatty acids, erythritol tetraclante, x 1itol
pentaoleate sorbitol hexaolenhte, sucrnce ﬁntwnlcwﬁﬂ, and
the sucrose lexa=-, hepta— -’ octadsters »f soybean oil
fatty acids, partially or substantially wholly hydrogenated.

The.polyol fatty =cid polyesters suitable for u?e
herein cén be prepared by a variety of methods weli-known
to those skilled in the art. fhege methods include¥
transenterification of the polyol with methyl, ethyl‘or
glycerol fatty acid esters using a variety of catalysts;
acylation of the prlyol with a fatty acid chloride;
acylation of the polyol with a fatty acid anhydride; and
wcylation of the polyol with a fatty aéiﬁ, per se. As an
example, the preparation of polyol fatty acid esters is
described in U.3. Patent 2,831,854, incorporated herein
by reference. The most highly preferred methods of
pyeparing the polyol polyesters used herein are disclosed
in U.8. Patents 4,517,360 anl h,518,772, incorporated
herein by referencee.

Specific, but nonlimiting, examples of the prepara-
tion of polyol fatty acid esters suitable for use in the
practice of this inven%ion are as follows.

— —

N\
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srythritol tetraolzaate - srythritol and a five-fold
molar’excess of methyl oleate are heated at 13000, under
vacuum, with agitation, in the presence of sodium methnoxide
catalyst over two reaction periods of sevaral hours each,.
The reaction prodnct (predowinatsly erythritol totraolente)
is refined in petrnleum ether and crystallized three times
from several volumes of acelone at 1°¢.

Xylitol pentaoleate - Xylitol and a five~fold molar
excess of methyl oleate in dimethylacetanmide (DHMAC) solution
afe heated at 180°C¢ for five hours in the presence of sodium

methoxide catalyst, under vacuum. During this time the DIIAC

R ?f\ .

Ptenmoved by disbillation, The proiuct (predomifiytély xylitol

pentaoleate) is refined in petroleum ether solution and, after
beins freed of petroleum ether, is peparated as a liquid layer
O 1Y 1 pED 1 .

. 0., .
four times from acetone at ca. 1°C and tuice from alcohol at

ca. 10°C.

Sorbitol hexaoleate is prepared by essentially the
same procedure used to prepare xylitol pentaocleate except
that sorbitol is substituted for xylitoel.

Sucrose octaoleate is prepared by snbstantially the
same procedure as that used to prepare erythritol tetraoleate
except that sucrose is substituted for erythritol.

Phe fat-soluble vitamins can optionally be used to
fortify the foregoing polyesters. It will be apprecinted
that commercial preparations of the appropriate vitamins

and/or appropriate vitamin mixtures which provide vitamins

- 12 -
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A, D, E and K can be used hereoin. See U.5. Patent
4,034,083 for details of fhe role of these vitamins in
metabolism and their use in combination with polyesters
of the type used in this invention.

In general terms, the vitamins are classified as
either "faf-Soluble" or "water-soluble'. The fat-soluble
vitamins are used to fortify the volyester materials
herein. Ihe.fat—soluble vitanins include vitamin A,
vitamin D, vitamin-E, and vitamin K.

The mmount of the individual fat-soluble vitamins
used to fortify the bresent compositions can vary with
the age of the recipient, Lho dosage regimen used, and .
the amouht of the Yitamin ingested from other dietary
sources. For example, in younger, growinpg children or in
pregnant females it is recognized thét largdr amounts of
any given vitamin should be ingested to supply optimal
nutritional benefits than are needed with adult males.

If the user of the present coﬁpositions happens to ingest
foods which are extremely rich in a given fat-soluble
vitamin, less of that vitamin need bé used in the present
compositions to insure adequate intestinal uptake for
good nutrition. In any event, an attending physician
can, if so desired, measure Lhe amount of fat-soluble
vitamins in the plasma. Based on these data, the
appropriate type and amount of fat-soluble vitamin gsed
to fortify thie polyesters herein can then be determined

on an individual basis.
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tlore simply, the formulator of the coupositions
herein can fortify the polyesters with a recommended
daily allowance (&Da), or increment or multiple of an
kDA, of any of the fat-soluble vitamins to insure that
the user of the compositions will wuaintain a nutrition-
ally adequate uptaike of sai i vitamins. LFor example, with
vitamin A a daily =amount in the range of 20 international
units (L.U. to about 57 I.U. per kilogram of body weight

can be employed. with vitawin D, fortification of the

-compositions to provide about 00 I.U., total, per day is

ample. When supplenmenting vith vitamin 1, the amount of

' " L R R LR X AR R S R 3 I LT G
the vitamin optimal for dietatry intake ranges from 316

I.U. for infants to 25-30 I.U. total, per day, for adults.
dhen supplementing with vitomin K, it is more difficult
to estimate the amount to be ingested to nrovide adequate
nitrition since the microorganisms living in the intestine
can synthesize this vitamin. However, it is known that
ingestion of from 0.5 mg.~1 ng. of vitamin K per day will
prevent insufficiencye
HETHOD OF TREATHBHE

The treatment regimen herein comprises orally administer-
ing to a patient in noed of having a lowered blood cholesterol
level a safe and effdctive ~mount of the psyllium sced jum, or
source thereof, ond & nonabsorbable, nondigestible polyol
polyester of the type described hareinabove, or, conveniently,
mixtures of these two materials. Ingestion of from 1 g to 30

g of the psylliwm materinl and from 5 ¢ to 50 g of the poly-

- 1 -
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nster material is appropriate in most circnmstances.
"owever, this can vary with the size and condition of the
patient, and the patient's blood cholesterol level. Such
matters will, of conrse, be apnarent to the attending
physician. However, since the Dayllium materinl and the
nolyol materinal arn nontoxic nnd nonallermenic, even hipher
ingestion levels can be used without undue side effects,
keeping in mind that the matorinls hefein do have a laxative
effect.

Treatment of the patient coumvrises chronic ingestion
in order to lower and maintain the lew chnlesterol levels.
Daily ingestion is preferred, and a daily ingestion of fron
about 5 g to about 15 g of the psyllium material and from
about 15 g to about 50 g of the polycster nmaterial is most
commonly used, with said ingeéﬁion being at two or three
regularly spaced intervals t': aghout the day. Again,
depending on the patient's size and cholesterol level in the
patient's blood, this can be varied.

The preferred polyol polyesters used in tho forogoing
methods ére: sucrose octaolent-, sucrose octalinoleate,
sucrose oltapalmitate and mixtures thereof,

As mentioned, it is convenient to use the psyllium
material and the polyester as a mixtur~. fhus, psyliium

seed husks are prepared in & well-known manner and are

ndmixed with the polyester, senerally in a weight ratio
/

of about 10:1 to about 1:10, preferably 3:1 to 1:3,

convenienlly 1:1l. 'The materinals readily admix, particularly
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when a lijuid polyester such »s suc nse octaoleate is
used, and, at a weipht ratio of 1:1 the resulting mixed
compnsition has the appearance of resinous granules,
fhese granules cau be compact>d to provide tablets or
cansules, or, conveniently, c.m be spooned-out from the
bulk mixtnre and either aduinistsred by the spoonful or
admixed with water and drunke

The followin: axiaples aie typical of the comMposi~

tions of this invention, but are not intended to be

]

- 1imiting thereof,

BLMPLE L

T e ., ‘ ,
PR R L U PR . Lo G L . Lo e P . P g S
g - A0 Vo A 8 AR W © SRR (Y

Ingredient Amount (grams)
Blond psyllium husk (macerated) 3.8
Sucrose octaoleate 10
Flavof As desired

The psyllium husk and sucrose octnoleate are blznded
to form a unit dose composition., Three such unit dosesn are
ingested each dey, orally, during the course of two weeks to
lower blood cholesterol, ‘hereafter, oue dose per day is

used, on a continuing basisa

- 16 -



EXAMPLE II

Ingredient Amount (grams)
Psyllium* 7
Sucrose octapalmitate®® 20

5 *As METAMUCIL brand laxative

**yjtaminized with Vitamin E

The psyllium and sucrose octapalmitate are each
taken‘concurrently. by oral administration, three tiﬁes
per day, to reduce blood cholesterol levels.

10 ' It is to be appreciated that the laxative effect of

psyllium is enhanced by the polyester méterials hereine
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Ingredient Amount (srans)
Psyllium®* 7
Sucrose polyester mixturc** D0

* s macernted husks 50:50 uith dextrose

s*3ucrose octaoleate/sucrose setalinoleate mixture

The composition of Axample III are administered in a

- s1nble dally dOSp to raduce blood cholesterol.

L

Thile not 1ntend1n5 to be limited by theory, it is
surnised that the enhanced cholesterol lowering propertics
of the instant compositioné are due to the differing modes
of action of the two ingredients, the psyllium removing bile
acids via the faces and the polyesters dissolving and removing

cholesterole

- 18 -
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What is claimed is3

1. i composition of matter for reducing blood
cholesterol levels, comprisings

(a) psyllium seed gum or source of psyllium

seed gum; and

(b) a nonabsorbable, nondigestiple polyol
polyester at a weipnt ratio of component

(a): component (b) from 3:1 to 1i3.

2. A method for reducing blood cholesterol in a
. . . ' P A A !

patient in need of such treptmant, by adminisféring to

said patient:

(a) psyllium seed gum oxr a source of psyllium
seed gum; and

(b) a nonabsorbable, nondigestible polyol poly-
ester;
or

(¢) mixtures of (a) and (b); said method comprising
oral ingestion of from 1 g to 30 g of component

(a) an¢ from 5 g to 50 g of component (b).

3, A method according to cliaim 2 which comprises

chronic ingestions.

- 19 -



4, A method according to claim 3 which comprises

daily ingestion.

5. A method according to claim 4 which comprises
daily inpgestion of from about 5 g to about 15 g of com-
5 ponent (a) and from about 15 g to about 50 g of component
(b), said ingestion bein;; at two or three regularly-

spaced intervals throughout the day.

BT 0T R T U e T et e ey e e ‘ e T Y
CliaRLES D. BROADDUS
Inventor
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