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Remedies and Preventives for Diabetic Disease

US Patent # 4,952,568 by Sawai et al. from Japan demonstrated that phytic
acid or 1ts salts from rice bran prevent and treat diabetes. Stabilized rice

bran products are the richest natural sources of phytic acid and its salts.
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(57 ABSTRACT

Remedies, preventives and functional diets for diabetic
diseases, esp., diabetes, contain phytic acid or its salt or
saits. The salt of phytc acid is a non-toxions metal sal,
or a non-toxious salt with an organic base, a basic amino
acid or an organic ester residuc, and has a commpositional
form together with or separately from phytic acid.

4 Claims, 1 Drawing Sheet
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REMEDIES AND FREVENTIVES FOR DIABETIC
DISEASES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pharmaceutic mate-
rial as well as a functional diet for alleviating disbetic
diseases, particularly preventing and curing dizbetes,
which contains phytic acid or its salt or saits #s an effec-
tive companent.

2. Statement of the Prior Art

Sugear metabolic discase, diabetes is a discase that is
induced by improper meals and obesity by way of ge-

5

netic dispositions and, upon lingering, is complicated by

vascular disorders or ather diseases.

The treatments for such diseases arc carried ont with
a view to normalizing sugar metabolism, suppressing
the progreas thercof and preventing complications, esp.,
yascular complications. In real trestments, (1) appropri-
ate dictary cures, (2) the administration of imulin and
orally administrable diabetic medicines and (3) the 2d-
ministration of complication remedies are applied in
combinztion.

On the other hand, phytic acids widely appear in
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plants as calcium and magnesium salts, somotimes 2

potasxium sait. For instance, rice bran contains as high
as 9.5 1o 14.5 % of phytic acid, and provides a starting
material for commercial phytic acid and myoinositel
deriving therefrom.

Phytc acid and its salt have been used in wide appli-
cations; in pharmaceutical applications, calcium phytate
has been used as a' calcium augmentor, rice bran itealf
and sodium phytate as a preventive for calcium calcu-
luses, and potassium phytate for the treatment of hyper-
calcemia and hyper-calciurea of sarcoidosis patients,
They have also besn utilized in varions other fields as
fermentative zids for brewing sake and wine, matal
removers making use of the chelating action of phytic
acid, antioxidants in the presence of iron and calcium
jons and anticorrosives for metals,

However, it has not been reported o dats that phytic
acid and its salts may be effective for a lowering of
blood sugar and be used as preventives and remedies for
arterioscierosis that is a diabetic complication.

SUMMARY OF THE INVENTION

In view of the foregoing, the present invention bas
for its general object to provide pharmaceutical mater.
als effective for a Jowering of blood sugar, remedies and
preventives for arteriosclerosis caused by diabetes, and
functional diets available even to sound individuals in
view of health.

The inventors have discovered that when orally ad-
ministrated in the process of nutrition experiments, phy-
tic acid serves to reduce body smells, especially, foul
breath, perspiratory smell and urinous smell. In particu-
lar, detailed studies of the cffects of removal of garlic
breath has revealed that this is accomplished by the
enzymatic inhibition or biometabolism promotion of
phytic acid, and has further indicated that phytic acid is
cffective for the inhibition of glycosuria and 2 lowering
of lipid.

A, primary object of the present invention accom-
plished on the basis of the aforesaid findings is to pro-
vide preventives and remmedics as well as functional diets
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for diabetic diseases, which contain phytic acid and its
salt or salts as an effective component.

The present invention relates to alleviative, remedial
and preventive effects obtained when phytic acid and
its sait(s) are applied to the sugar metabolism of humans,
eap., diabetss and arteriosclerosis that is a diabetic com-
plication and to functional diets making use of such
cffects. Phytic acid and its salt are $0 tasteless and odor-
less that their oral administration is easily achieved.
Thus, they may be expected to produce their effects by
being mixed with eatables and drinkables or sprinkled
over or blended with meals, or orally administrated in
the form of powders or granules.

According to the present invention, phytic acid and
its salt(s) may suitably be administered to humans, gen-
erally adults, in a dosage of 1 to 100 mg/kg/day, al-
though depending upon the conditions of patients and
the type of preparations,

The phytates vsable in the present invention may
include innoxious metal salts as well as tnnoxious salts
with organic talts, basic amino acids and organic ester
residues soch as those represented by potassium phy-
tate, sodihum phytate, ammonium phytate, arginine phy-
tate, ornithine phytate, Iysine phytate, histidine phytate,
monoethanolamine phytate, dicthanolamine phytate,
triethanclamine phytate and giucamine phytate. The
phytates may aiso take 2 compositional form together
with or separately from phytic acid,

In various preparations, phytates and their mixtures
in a pH range of 6 to 8 may generally be sclectively used
depending upon the purposes of pharmaceutics as well
as functonal diets because of their strong acidity.

The number of moles of various bases required to
regulate one mole of phytc acid to pH 6 to 8 is shown
in Table 1.

TABLE 1
oH

Base 6.00 1.00 100
NaOH .34 .21 594
XOH 1.4 323 1.94
LiOH 741 £.38 $.30
NHOH 7.61 8.55 9.43
HOC;HCHNH3 72 3.68 9.52
(HOCHCHypNH 7.54 §.45 931
(HOCH3CHInN 7.20 .53 121
N-Methylglucamine 7.62 .49 9.2%
L-Acginine 179 8.67 .60
L-Lysne L0l .98 10.0
L-Hixidine 113 —_ -

In sum, the desired efTects of the preparations in the
present invention are easily obtained by oral adminjstra-
tion, since they contain phytic acid and its salt(s) as tha
main component.

Further, the preparations in or by the present inven-
tion may be administrated by way of an oral route,
since, whether liquid or salid, phytic acid and its salt(s)
are effective,

Still further, the compositions in the present inven-
tion are of safety so high that they are continuously
usable, and are effective for alleviating chronic alcohol-
ism by their continued use or administration.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with
reference to the drawings, which are given for the pur-
pose of illustration alone, and in which:



4,952,568

3
FIG. 1 is a graphical view illustrating a change of frec
fatty acids in blood with a change in the amount of
phytic acid administered, and
FIG. 2 is 2 graphical view illustrating the resuits of
induction-testing-with-time of free fatty acide after the
administration of phytic acid.

EXAMPLES

The present invention will now be explained in detail
with reference to the following examples, which are
give faor the purpose of illustraton alone.

EXAMPLE 1
Composition a
Twenty-nine (29) g of sodivm hydroxide and a suit-
sble amount of refined water are added 10 660 g of
phytic acid (as an anhydride) to obtain 2 liquid regu-
lated to pH 6.
Compositian b
Four bundred and twelve (412) g of potawinm hy.
droxide and x suitabic amount of refined water are
added to 660 g of phytic acid (as aa anhydride) to obtain
a liquid regulated to pH 6.
Compasition
Cne bundred and seventy-seven (177) g of lithinm
hydroxide and & suitable amount of refined water are
added to 660 g of phytic acid (as an anhydride) to obtain
2 ligind regulated to pH 6.

Composition d
Five hundred and eighty-one (581) g of ethanolamine
and a suitable amount of refined water are added to 660
g of pbytic acid (as an anhydride) to obtain a liquid
regulated to pH 8.
Composition ¢
Nine hundred and seventy-nine (979) g of diethanol-
amine and 2 suitable amount of refined water are added
to 660 g of phytic acid (as an anhydride) to obtain a
liquid regulated to pH 8.
Composition f
One thousand eight hundred and five (1,805) g of
triethanolamine and a suitable amount of refined water
added to 660 g of phytic acid (as an anhydride) to obtain
a liquid adjusted to pH &
Composition g
One thousand six hundred and fifty-seven (1657) g of
N—methylglucamine and 2 suitable amount of refined

watcr are added to 660 g of phytic acid (as an anhy-
dride) to obtain a liquid adjusted to pH 7.

Composition b
Qnue thousand five hundred and ten (1510) g of L~
arginine and 2 suitable amount of refined water are

added to 660 g of phytic acid (a3 an anhydride) to obtain
a lquid sdjusted to pH 7.
Composition i
One thousand seven bundred and fifty-three (1753)g
of L—histidine and a suitable amount of refined watar

are added to 660 g of phytic acid (as an anhydride) to
obtain s liquid adjusted to pH 6.
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Compasition j

One hundred and sixteen (116) g of sodium hydrox-
ide, 478 g of potassium hydroxide, 6.08 g of potassium
chloride (as & dihydrste), 157 g of disodium hydrogen
phosphate (a3 an anhydride) and & suitable amount of
refined water are added to 660 g of phytic acid (as an
anhydride) to obtain a liquid adjusted to pH 9.

These compositions a {0 j may be powderized crystal-
lization or the addition of & vehicle.

These compositions a to | may also be formed into
compositiops in the form of liquids or powders, from
which the preparations may be obtained.

EXAMPLE 3
The composition j obtained in Example 2 was formed
into a composition, from which various prepzrations
were obtained.
Composition A for Preparations
Lactose is added 1o the composition j (containing 200
mg of phytic acid) to obtain a total of 1000 mg of a
composition.
Composition B for Preparations
Lactose is addded to the compesition j (containing
100mg of phytic acid) to obtain a total of 1000 mg of 2
composition.
Composition C for Preparations
Refined water is added to the composition j (contain-
ing 100 mg of phytic acid) to obtain a total of 1000 mg
of 2 composition.
Compaosition D
Light silicic anhydride is added to the composition j
(containing 200 mg of phytic acid}, followed by drying,
which gives 2 total of 1000 mg of 2 composition.
PRODUCTION EXAMPLES OF PREPARATIONS

Production Example |

(Erixir)
Componition C 100 g (10 g calenlated a5
. phytic acid)
Compound orange extrect 24 mi
Ethanol 400 mi
Glycerine 400 ml
Kefined water Towl: 1000 ml

Predetermined amounts of the aforesaid components
are uniformly mixed together to obtain a coloriess and
clear erixir preparation. A five-milliliter dosage of this
erixir preparation contains 50 mg of phytc acid

Production Example 2

(Capsule)
Compesition A, 200 mg (40 mg caiculated a1 phytc acid)
Lactose ' mg '
Corn starch It mg
Magnesivm stearate 2 mg

Predetermined amounts of the aforesaid components
are uniformly mixed together and packed in No. 2 cap-
sules. One such capsuie contains 40 mg of phytic acid,
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Production Exampie 3
(Granule)

5

Compouition A, 600 mg (120 mg calculated as

phytic acid

Lactose 140 mg

Com sarch 250 mg

Hydroxypropykellulose 10 mg
10

Predetermined amounts of the aforessid components
are uniformly mixed together, and the mixture is then
wet-granulated with water and ethanol into granules.
Onc bundred and twenty (120) mg of phytic acid are

contained in an one-gram dosage of such granules. 13

Production Example 4
(Powder)

The composition A is divided and heat-sealed in alu- |5y
minum to obtain wrappers each of 1.5 g. i

Production Example §
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ane (1)-gram dosage of this syrup contains 10 mg of
phytic acid.

Production Example 8

(Troche)
Composition A 100 mg (20 mg caleulated as phytic acicd)
White sager £70 mg
Lactose D mg
Magnesium stcarate 10 mg

Of the aforesaid camponents the composition A and
whitz sugar are uniformly mixed together in the respec-
tive amounts of 100 g and 870 g, and are then wet-
granulated with water and ethanol, followed by drying
at 2 temperature of lower than 35° C. Added to the
dried product are 20 g of lactose and 10 g of magnesium
stearate to obtain troches each of 15 mm in diameter and
1 g in weight. One such troche contains 20 mg of phytic
acid.

Production Example 9

i
!
(Tablet) : (Candy)
. [25
Composition A 100 mg R0 mg caloulsted as phytic acid) Compositioa B 100 mg (10 mg calcu-
Com swrch 19 mg Inted as phyric acid)
Crysuliine eeihulose 30 mg | ;‘:‘hl:hwpr %;g mg
F | TP mg

Magnesium stearaie 1 mg ‘f " slight amount

i

Predctenmined amounts of the aforesaid components
arc uniformly mixed together, and the mixture is then
compressed into teblets each of 7 mm in dizmeter and;

150 mg in weight. One such tablet contains 20 mg of
phytic acid. ' 35
Production Ezample 6 ;
(Syrup) |
Composition C 50 g (3 gpealculated o 40
phytic ack]
White sugr 30 g
D-sochital (709%) 250 ¢
Methyl porybenzoats 03 g i
Propyl poxybenzoate 015 ¢ {45
Sodivm citrate 10 g !
Perfume 15z i
Refined water Total: 1000 ml ,

Predetermined amounts of the aforesaid components:
are dissolved and mixed togcther into a colorless and, 30
clear syrup. Ome hundred (100) mg of phytic acid is:
contained in a twenty-milliliter dosage of this syrup.

Production Example 7

(Dry Syrup) 55
Compesition B 100 mg (10 mg calcalaed as phyric

acid)
Sodium citrate 2.4 mg )
Citric anhydride 22 mg
Tragscanth powders 27¢ 60
White sugar suitable amount
Hydroxypropylcellulose 3.0 mg
Perfume slight amouat
Perfume siight amount

65

Predetermined amounts of the sforessid components
are uniformly mixed together, and are then wet-
grenulaied with water and ethanol into a dry syrup. An

Of the aforesaid components, 240 g of white sugar
and 130 g of starch syrup are mixed with 100 g of re-
fined water. After melting by heating, the mixture is
sieved out for the removal of foreign matters. The re-
sulting liquid {s concentrated under pressure with the
application of heat for dehydration to prepare a starch
syrup dough having a moisture content of 2 to 3% at
130° to 150" C. Added to this dough are 10 g of the
composition B and a slight amount of perfume, and the
product is molded to obtain candies each of 4 g in
weight. Each candy contains 10 mg of phytic acid.

Production Example 10

(Limonada)
Camposition C 3 g (300 mg caiculated a3 phytic acid)
Syrup 25 ml
Refined water  Total: 30 ml

Predetermined amounts of the aforesaid components
arz uniformly mixed together into limonadas, A thirty
(30)-milliliter dosage of such limonadas contains 300 mg
of phytic acid.

Production Example 11

(Granule)
Compositioa D 500 mg (100 mg caleulated 23 phytic acid)
Garlic powden 750 mg
Lactose suitable amount

Predetermined amounts of the aforesaid components
are uniformly mixed together, and are then wet.
granulated with water and ethanol into granulas. One
bundred (100) mg of phytic acid is contained in an 1.5-
gram dosage of such granuies.
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Production Exampie 12
(Drinkable Salution)

Compceaition C | £ (100 mg caleulated as phytic scid) s
Mel 0.3 g

Whitz augar 20g

Citric acid saitable amount

Sodium citrate suitablc amount

Peppormmt slight amount

Reficed water  suitsble amount 10

Predetermined amaounts of the aforesaid components
were uniformly mixed together into a coloriess and
clear intemal liquid preparation. A thirty (30)-milliliter 15
dosage of this Bquid preparation comtzins 100 mg of
phiytic acid.

Production Example 13
(Garlic Fiavoring)

Compoition D
Avizel

CGariic powders

Light siliGc anhydride
warch

0285 g {0.1 g cakculated as phytc siid)
it ¢
Q715 g
Q.256 g
saitable emounts

Predetermined amounts of the aforesaid components
are granulated by a conventional mathod.

Stability Testing

The preparations according to Production Examples
[ to 10 were subjected to stability testing to measure the
amount of residual phytic acid. The results are sat forth
in-Table 2. :

TABLE 2
Amounts of Residual Phytic Acid in the Stability Testing of the
Preparations According to the Production Examples (% with

TEspect 10
the specified cotents}

Al the beginnmg  After 1 weeks

30

35

Samples Storage Yescis of storage a e C
P.Ex 1A* Gisas Bottie 100.5 1] vl
P.Ex..2B* PTP ) 10t.4 9.4
P.Ex 1JC* Alyminmm Wrapper 100.1 100.0
P.Ex, 4D*  Alumisiom Wiapper [ X ] 102.1 45
P.BEx SE* FTP 92 ».3
P.Ex 6F* Glau Bottle . 1021 100.3
P.Ex, 7G* Aluminien Wrapper 100.6 100,1
P.Ex BH* Aluminum SP 9.7 100.§
P.Ex 5I*  Ajuminium Bag 99.% 99.2
P.Ex 10J* GClass Botifc foz 100.9 50
PEx HK* Alumisium Wrapper 100.3 100,1
. P.Ex 12L* Glass Bottle 100.1 T99.8
A" Erair, B Capaule, C*: Granule, D*: Pawder, E*: Tabket,
F* Syrup, G Dry Synux, H*: Troche, I*: Candy, J*: Limonads,

K*: Graoule, L*: Dyinkable Solution.
55

EXAMPLE 2—TESTING EXAMFLES

1. Effect on the Suppression of Glycosuria in Mice with
Alloxan Diabetes ’
(a) Test Animals arid Procedures

Used for testing were three groups of ddy male mice
weighing about 20 g (21 to 23 g) and fasted for three
hours, five per group. The testing control was intraperi-
toncally administrated with sodium phytate in a ratio of
100 to 200 mg/kg, while the normal and control groups 65
were dosed with physiological saline in & ratio of 10
ml/kg. The control group was also administrated with
alloxan in a ratio of 75 mg/kg through the tail's veins.

&0

8
Twenty-four hours after the administration, blood was
gathered under etherization from the descending arotac
to measure the concentrations of blood sugar and ke-
tone body (acetoacetic acid and 8-hydroxybutyric acid)
in plasma with an autoanalyzer (Hitachi, Model 705).
(b} Teat Reagents

(1) Used for the measurement of blood sugar was
Glucose HA Test WAKO (put by Wako Junyaku Co.,
Lid. on the market).

(2) Used for the messurement of acetcacetic acid was
Ketone Test A Sanwa (sold by Seawa Chamica) Insti-
tate Co., Ltd.).

. (3) Used for the measurement of S-hydroxybutyric
acid was Ketone Test B Sanwa (sold by Sanwa Chemi-
cal Institute Co,, Ltd.).

(c) Test Resula

The results are set forth in Table 3, from which it is
found that the concentration of bloed sugar tends to
drop by the administration of 100 mg/kg of sodium
phytsat=, and such » teodency tums significant to 200
mg/kg. It is also noted that the concentration of ketone
body tends to drop in cither case. This indicates that
sodium phytats is effective to suppress glycosuria,

TABLE 3
Dosage of Na Segar m Ketone Body in umol/l

Phytate i mg/kg mg/d! [£3) (2)
Normal 189 0 {4
Group
Conool L = 46 L) 635
Group
Test 100 %1 =117 5 194
Group
Test 200 147 = 14 €3 154
Group

2. Induction of Lipoprotein lipase (LPL for shart)—ef-
fective to cure secondary diseases developed by diabe-
tes .

@ {2) Test Animals and Procedures

In a ange of 1 ta 5} mg, sodium phytate was adminis-
tered under anesthesis to four groups of Wistar rats
weight 190 to 200 g and fasted for 12 hours or longer,
five per group. Five minutes after the administration,
blood was gathered from the descending arotae. So-
dium citrate was added to the collected blood to regu-
late its final concentration to 3 mg/ml, which was in
turn centrifuged to obtain plasma.

{b) Test Procedures

The activity of LPL in the obtained plasma was de-
termined by the measurement of librating fatty scids,

The free fatty scids were measured with NEFAC
Test Wako-Kit (put by Wako Junyaku Co., Ltd, on the
market).

(c} Test Resuits

(1) The results of changes in the free fatty acids with
changes in the dosage are shown in FIG. 1.

By measurement, it has been found that the free fatty
azids are induced depending upon the amount of so-
dium phytate in the range of 1 1o 50 mg/kg/weight, but
the animsis are killed down in & dosage exceeding 40
mg/kg/weight.

(2) Results of Induction-with-time of Free Fatty Acids

With an intravenous injection of sodium phytste in an
dosage of 20 mg/kg/weight, the maximum induction of
LPL occurred five minutes afler the injection, and was
sustained over about 40 minutes, s can be understood
from the results shown in FIG. 2.
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From the foregoing results, it has been found that the
present invention is cffective to lower lipid levels.
1. Organoleptical Comparison Test

For organoleptic comparison testing on whether the
taste, edibleness and the smell are good or bad, beef-
steaks cooked with 0.5 g (33 mg calcniated as phytic
acid) of the gaclic flavering preparation according to
Production Example 13 and other seasonings were fed
to a 20-member panel simultancously with those with-
out phytic acid. The results are shown in Table 4.

TABLE 4

Indistinguishable from  Better than pyto

pytic acid.{ree steaks scid-free steaks Bad
Taste [} 14 0
Ediblencas 5 15 0
Saell 1 19 ]

From the above results, it has been found that phytic
acid excels in the taste, edibleness and the smel, and is
effective a3 & food flavoring material.

4. Qrganoleptic Test

Thirty (30) ml (100 mg calculated as phytic acid) of
the drinkable solution of Production Example 12 was
continuously administrated to three diabetic patients
once a day for 7 days, and a questionnaire was con-
ducted on its drinkability and cfects, The results are
shown in Table 5.

5

10
TABLE S ‘
o Good  Indistinguighs
- able
Drink- 3 [
ability
Effects (1) Recovery from {stigue 2 {
(b) Amsfioration of conditions k) 0

1t is here to be noted that this drinkable solution was
administrated to the patients, while suggesting that it
was a heaithful diet effective for diabetes. Although it

. may not be possible to deduce from such results any
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significant comment on the warkings of phytic acid, itis
believed that phytic acid is organocleptically effective as
one of food additives.

What is claimed is:

1. A method for alleviating the symptoms of diabetes
in an animal afflicted with diabetes which comprises
administering to the animal phytic acid or & non-toxic
sait thersof in an amount effective to Jower the animal's
blood sugar level,

2. A method according to claim 1, wherein the salt is
a salt of phytic acid with an amino acid.

3. A method according to claim 1, whersin the salt is
potassivm phytate, sodium phytate or ammonium phy-
tate,

4. A method according to claim 1, wherein the phytic
acid or non-toxic salt thercof is administered orally at a
dosage of 1 to 100 mg/kg/day.
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