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Dominant molecular weight: 6,500 + 2 500 as determined by S

DS -

PAGE

= method Phosphorus number: 2+ 1 /5,000 (m.w.)

Hexosamine number: 5+ 1/5,000(m.w.) KDO number: 2+ 1/5,000 (m.w.)

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO

191

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~




'8l 08720 23:41 20480 92 0993 Sunrise Inc. 20495@8 [dlo48

Abstract of the disclosure

Novel LPS having the following physical properties, novel
bacilli providing those LPS, and novel immunity stimulators,
analgesics, and antiwithdrawal agents, and novel veterinary
immunity stimulators, analgesics, and antiwlthdfawal agents
contalning LPS selected from the group consisting of those LPSs
and mixtures thereof.

LP51 Dominant molecular weight: 5,000 + 1.000 as determined by
SDS~PAGE method

Phosphorus number: 2%t 175,000 (m.w.)
Hexosamine number: 8 % 1 / 5,000 (m.w.)
KDO number: 2 % 1/ 5,000 (m.w.)

LPS2 Dominant molecular weight: 6,500 * 2,500 as determined by
SDS-PAGE method

Phosphorus number: 1 to 2 / 5,0b0 (m.w.)
Hexosamine number: 7 * 1 /7 5,000 (m.w.)
KDO number: 1 to 2 /7 5,000 (m.w,)

L

LPS3 Dominant molecular weight: 6,500 + 2,500 as determined by
' SDS-PAGE method

Phosphorus number: 2 ®x 1 /7 5,000 (m.w.,)
Hexosamine number:’ 5 % 1/ 5,000 (m,w.)
KDO number: - 2 % 1 /7 5,000 (m.w.)
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LPS-PRODUCING BACTERIA, LPSs, AND LPS-CONTAINING

MEDICINES AND VETERINARY MEDICINES
Field of the invention

The present invention relates to novel
lipopolysaccharide (LPS)-producing bacteria, novel LPSs, and

LPS-containing medicines and veterinary medilcilnes.

More particularly, 1t 1is concerned with three
novel glucose-fermentative gram-negative small bacillil which
produce LPSs, novel LPSs provided by those bacteria, and
novel immunity-stimulating agents, analgesics,
antiwithdrawal agents, veterinary immunity-stimulating
agents, veterinary analgesics and veterinary antiwithdrawal

agents containing those LPSs.

Description of the prior art

Organisms have their own immunity to keep their
internal conditions from being disturbed by exogenous or
endogenous matter and to maintain their homeostaslis. Thus,
the lowering of immunity causes deterioration of health,
occurrence of various diseases, stimulation of aging, etc.

On the other hand, its activation leads to improvement of

health, prevention against occurrence of various dilseases,

cure of various diseases and prevention of aging or the

like.

For the above-mentioned, it has been desired to

provide a substance capable of activating immunity. To

date, PSK [another name: Krestin® (trade name of Kureha
Kagaku Co. in Japan and registered in Japan], Lentinan®

(trade name of Ajinomoto Co. in Japan and registered 1n

Japan), Bestatin® (trade name of Nihon
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Kayvaku Co. in Japan and reglstered in Japan), Sonifilan® (trade
name of Kaken Seiyaku Co. in Japan and registered in Japan), OK-
432 [Cancer Chemotherapy Reporté Part 1, vol. 58, No.l, p.10,
19723 another name: Piclbanil® (trade name of Chugat Selyaku Co.
in Japan and registered in Japanl, etc. are known to have Such

capability.

Analgesics are classified into two groups; narcotic and non-
narcotic ones, |

Narcotic analgesics are of course narcotics, and thus they are
required to be administered with the greatest care. ("Clinical
pains” , pp. 70 - 74, 1981, Medical Friend Co. in Japan)

On tﬁe other hand, generally the analgesic action of non-
narcotic analgesics 1s characterized to be less than that of

narcotic ones and to be nonhabit-forming. But, actually thelr
prolonged use is reported to cause tolerance and/or dependence

of the patients thereto, and thus they are considered to be used
in the same manner as narcotic-ones from pharmacological view-
points. ("Clinical paitns”, p. 74, supra)

It is gehérally well XKknown that the so-called withdrauwal
symptoms occurs when one is suddenly kept from taking alcohol,
morphinic narcotics, nicotine, etc. to which he has become
addicted, Also it 15 well known that addicts of them are hard
to return to daily life, and the clinical use of narcotics 1is
restricted because of withdrawal symptoms.

To date, methadone, clonidine, dizocilpine, etc. are known as
medicines for suppressing such withdrawal symptoms. Methadone

is, however, reported to cause dependence to itself. (P. R.

Dougherety, et al., "Neuropharmacology", 26, pp. 1585 - 1600,
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1987) Clonidine is reported to suppress withdrawal Dbody shake
by intraperitoneal administration of 0.16 mg/ky. (Stuart Field-
ing, et al. "The Journal of Pharmacology and Experimental
Therapeutics”, vol. 207, No. 7, pp. 899 - 905, 1978) But, we,
the inventors, have found that Iintravenous administration of
clonidine failas to suppress Jumping, a severer withdrawal
symptom eVen_at a dose of 0.1 - 10 mg/kg, and further causes
convulsions at a dose of 10 mg/kg, Dizoclilpine shows only an
extremely small difference between 1ts toxic and effective
doses, and thus is not safe. (Keith 4., et al., "Science”, 251,
pp., 85 -~ 87, 1991)

Of the prior art ifmmunity stimulators, PSK, Lentinan®, Bestat-
in® and Sonifllan“‘have no TNF productivity, and +thus thelir
immunity stimulation is Poof;

Surely O0K-432 i{s known to have TNF productivity, but a rather
large quantity of 1t must be administered to produce a Satisfac~
tory quantity of TNF, thereby inevitably causing attack of fever
or rigor, lowering of blood pressure, and reduction in the
number of thrombocytes. Accordingly, 0K-432 has a low therapeu-
tic range. O0OK~432 has an additional drawback i{in that 1ts
production steps include culture of microorganisms, and extrem-
ely complicated procedures for iit{s separation and purification
to Increase the production cost. Further, OK-432 fails +to
produce TNF through oral or subcutaneous adminlstration which 1s

very convenlient for medication; therefore 0OK-432 must be admini-

stered by inconvenient means.

Here, the term "TNF" is the generic name for tumor necrosis

factors produced by macrophage (The Journal of Biol. Chen.,
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260, pp. 2345-2354, 1985), and the production quantity of TNF
InCreases depending on the activity of macroprhage, Macrophage
is the generic name for large amoeba~like cells which belong to
immunocompetent cells, are present in most Internal tissues

of animals, and prey and digest particulate forelgn matter and
waste cells in the body. The term "therapeutic range" 1is the
ratio of the maximum tolerant dose of the host to the medicine
to the minimum effective dose of the medicine; the larger the
ratio 15, the better the medicine is.

As mentioned above, the prior art analgesics have drawbacks,
and no satisfactory ones have not been provided vet. Particu-
larly; analgesics which are effective against chronic pain, are
highly safe, have no silde effects, are cheap and are very
convenient for medication have been greatly expected to be
developed. Also no satisfactory antiwithdrawal agents have not
been provided yet.

The present invention is intended to provide novel immunity-
stimulating agents, analgesic agents, antiwithdrawal agents,
veterinary immunity-stimulating agents, veterinary analgesic
agents and veterinary antliwithdrawal agents which are free from
the drawbacks of the prior art.

An additional object of the present invention 1s to provide
novel LPSs, active ingredients of those agents, which have
excellent immunity-stimulating, - analgesic and antiwithdrawal
effects, show a high therapeutic range, and may be provided at a
low cost and in a large amount and may be administered via any
route of oral and intradermal administration and injection.

An additional obJect of the present invention {3 to provide
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novel bacteria which produce the novel LPSs.

Brief description of the drawings
Flg. 1 1s a chart showing the patterns of the LPSs of the
present Invention on SDS-PAGE method.
Flg, 2 1s a graph showing the analgesic effects of the LPSs of
the present invention in compafison with E. coll LPS5.

Fig, 3 13 a graph showing the dose-dependent antiwithdrawal
effects of the LPSs of the present invention in intravenous

administration.
Fig. 4 1s a graprh showing the dose-dependent antiwithdrawal

effects of the LPSs of the present invention in subcutaneous

administration,
Filg. B 18 a graph showing the administration time-dependent

Withdrawal-preventive effects of the LPSs of the present 1inven-

tion.

Detailed description of the inventlon

Bacteria-providing sources

The three bacteria according to the present invention WEere
isolated from all kinds of wheat investigated by the inventors
of the present inventlon regardless of their places of produ-
ction. Thus, those bacteria are supposed to be isolated fron
any kind of wheat produced in any place and its processed goods.
The kinds and the places of production of the wheat flour from
which the three bacteria mentioned above were confirmed to be

isolated by the inventors of the present invention Include the
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following:
Kinds of wheat flour Places of production
Dark Northern Springs U.S.A.
1 Canadian Wheat Canada
Hard Red Winter Semi-hard U.S.A.
Australian Standard Wheat Australia
Horoshiri Japan

Isolation of LPSs

The LPSs of the present invention may be isolated
from the above bacteria by the hot phenol process described
on page 83 of Westphal, et al., "“"Methods in Carbohydrate
Chemistry”, vol. v, 1965, Academic press in New York,

followed by purification on an anion-exchange resin.

That 1s, the cells are suspended in distilled
water which 1s then stirred with an equivolume of hot
phenol. Next, the aqueous layer is recovered by
centrifugation and then subjected to dialysis to remove off
the phenol. The aqueous layer 1s concentrated by
ultrafiltration to yield crude LPS fractions which are then
purified conventionally, for example, by anion-exchange
chromatography using mono Q-Sepharose* and Q-Sepharose* in
FPLC system (all manufactured by Pharmacia Inc.), followed

by desalting i1n a conventional manner.

Products of 96% or more purity are provided by the

foregoing procedures.

Physical properties of LPSs

As exXplained in detail in the examples given

later, the three

* Trade-mark
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LP5s of the present invention having a purity of 96% or more

showed the following physical properties ("SDS-PAGE method will
be defined later in pxample 1):

LPS1 Dominant molecular welght: 5,000 + 1,000 as determined by
SDS~PAGE method

Phosphorus number: 2 % 1 / 5,000 (m.w.)
Hexosamine number: 9 % 1 / 5,000 (m.w.)'
KDO number: | 2+ 1/ 5,000 (m.w.)

LPS2 Dominant molecular wetght: 6,500 + 2,500 as determined by
SDS~PAGE method

Phosphorus number: 1 to 2 / 5,000 (m.w.)
Hexosamine number: 7T 1/ 5,000 (m.w.)
KDO number: 1 to 2 / 5,000 (m.w.)

LP53 Dominant molecular welght: 6,500 = 2,500 as determined by
SDS~-PAGE method

Phosphorus number: 2% 1/ 5,000 (m,w.)
Hexosamine number: ok 1 / 5,000 (m.w.)
KDO number: 2% 1/ 5,000 (m.w.)

Forms suppligd

The LPSs of the present invention may be supplied as such or
in forms concentrated to any desired degree. Further, they may
be supplied as dry powders by any of the conventionél manners
including lyophilization and spray drying to improve stabllity,

Any of these forms may be produced conventionally.,

Determination of immunity stimulation

The Immunity stimulation of the LPSs according to the present
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invention has been confirmed by endogenous TNF pProductivity.

Carswell et al. reeport that priming and triggering steps are

necessary to produce endogenous TNF in the body of an animal;

S€e Proc., Natl. Acad. Sci, USAd., 72, pp. 36686 -~ 3670, 1975,

Thereafter, many candidate chemicals were tried to stimulate the

respective steps., The chemical used to start the priming s5tep

1s a primer (endogencus TNF Production stimulator), while that
'administered t0 start the triggering step is & trigger (endo-

génous TNF productive agent).

The TNF activity |s determined, as follows, on the basis of

the cytotoxicity to L9298 cells (Proci. Natl. Acad, Sci. U.S.4.,

72, pp. 3666 ~ 3670, 1975). L~892g cells are cultured in Eagles'

Minimum Essential Med{um (hereunder referred to only as MEM)

with 5 % fetal calf serum (hereunder referred to only as F(CS)
added thereto until 100 #2 of the medium contains 8 x 10¢.cells,

and then the cells are grown In a flat-bottomed plate having 96
wells,

The growth conditions are 37C in the presence of 5 ¥ CO4, and
under a humidity of 100 % for 2 hours, and the procedures may be

the same as for the conventional cell culture. Then actinomycin

D is added to the medium to|a flnal concentration of 1 ug/ms,

and the volume of the culture solution is adjusted to 150 pg.

Immediately thereafter 50 u2 of the sample diluted appropriately
with MEM medium is added to the culture solution, Here, EDso

may be determined by adjusting the dilution appropriately, The

L~929 cells having a final volume of 200 uf are cultured for an

additional 18 hours under the same conditions as described
above,
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In order to determine the celi necrosis activity, first the
whole medium is removed followed by addition of a 1% methyl
alcoholic solution contalnlng 0.1 % crystal violet for fixation
Staining., Crystal violet stains all the eukaryotic cells, but
the dead cells are removed off from the bottom of the flask only
by washing after the staining; so the cell necrosis activity may
be determined directly. The Stalning degree 1s measured on the

basis of adsorption at ODsconms and 1is compared with that of a
control to determine the cel] necrosis activity., This activity

15 defined as follows.

The dilution of the sample which allows 50 % of the L-929
cells to survive (N) is determined. Rabbit TNS 1s used as the
control, and i{ts activity n (units/ma) 15 determined using 2.4 x
10% units/mg/me of TNF-a. The dilution which provides EDso oOf
rabbit TNS is determined.

The activity of the sample (units/ma) is calculated by the

equation: N/C x n.

Determination of analgesic effects

The analgesic effects of the LPSs of the present invention
have bheen confirmed by an experiment using animals accordihg to
the acetic acld~wrlthing method described on page 415 of
"Inflammation and anti-inflammatory therapy” issued in 1982 by

Ishiyaku Shuppan Co. in Japan, one of the established methods

for the determination of the effects of non-narcotic analgesics.

Determination of antiwithdrawal effects
e S DR Y At iwitiaoldwdl e11ecLs
The antiwithdrawal effects of the LP5s according to the

9
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present 1nvention have been confirmed by the reduction in
the frequency of jumping, the severest withdrawal symptom
caused by the administration of naloxone to morphine-
addictive mice. Naloxone 1s available from Endo Labs. Inc.
in U.S.A., and 1s known to be a morphine antagonist; "“The
Journal of Pharmacology and Experimental Therapeutics”, vol.

207, No. 7, p. 901, supra.

The LPSs according to the present invention may be
used separately, and further may be used in admixture with
each other or together with any other substances such as
pharmaceutically or veterinarily acceptable carriers so far
as the intended effects are not made less. In addition,
they may be ingredients of immunity diagnosis reagents,
veterinary i1mmunity diagnostic reagents, quasi drugs defined

in the Japanese Pharmacopoeia, cosmetics, food, drinks and

feed.

Any of the above preparations including immunity
stimulators may be produced conventionally. For example, in
the conventional manner of preparing medicines or veterinary
medicines, they may be supplied conventionally in the form

g~

of powders, granules, pills, tablets, troches, capsules,

solutions, pastes, ointments, liniments, lotions,
suppositories, injections, etc. Particularly, many
macrophages are present in the skin, so the LPSs of the

present 1nvention may be prepared as skin ointments in order

to obtaln better effects. For veterinary use, also the

agents may be prepared in the form of feed additives, premix
preparations, drinking water additives. Here, the “premix

preparations” are such preparations as contain feed

10
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components beforehand so that they are easily mixed in the

feed. The feed additives are preferred to be powders or

granules. Any commercially available

10a
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feed may be used to prepare the above.wmentloned feed additives,

pPremix preparations, etc. The feed may contain minerals,

vitamins, amino acids and any other feed additives,

I[f deslired, these preparations may contain
preservatives, buffers, etc.

excipients,

conventionally to improve the shelf

life, homogenelity, etc. In addition, the Preparations may

contain correctives to improve taste, odor, appearance, etc.

The excipients include, for example, lactose, starch, etc.
preservatives include, for example,

The

parahydroxybenzoic esters
suéh as methyl, ethyl  or Propyl

pParaoxybenzoate, 50dium
dehydroacetate, Phenols, methyl, ethyvl or propylparabene, etc.
The buffers include, for example, citric, acetic or

Phosphoric
acld salts, etc. '

Hereunder, the present invention will be explained in detail

with reference to examples, preparations and experiments., The

E.coll LPS used therein is one avallable from Difco Co. 1in

U.S.A. under the code numer of 0128:R8

Example 1

1) In a BQ.ml coning tube, there was Charged 1.04 g of hard

flour containing 1.09% of ash (1 Canadian wheat from Canada)

followed by addition of 20 mg - 0f distilled water thereto t0o

Prepare a 50 mg/ml aqueous solution of wheat flour.

2) The solution was cultured in a water bath at 37C while

shaking, and 0.5 ml portions of the solution were collected

at
0, 1, 2, 3, 4, 6, 8, 10, 12, 20, 24 and 45 hours thereafter,
100 1l portions of the respective solutions diluted te 1| to

100,000 times were taken in Standard agar culture media avalla~

11
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ble from Nissui oselyaku Co, in Japan and having the following
composition to determine the number of 1living cells and +to
observe the colonies.

Standard agar culture media (Nissul Seivaku's code No.: 05618)
- Yeast extracts 2.5 g/}

Peptone 5.0 g/1
Glucose 1.0 g/1
Agar 15.0 g/1
PH 7.1+ 0,1

At the end of 8 and 10 hour culture, yellow to creamy opaque
colony (colony 1), creamy opaque colony (colony 2) vyellow
translucent colony (colony 3), milk white opaque colony (colony
4), and white opaque small colony (colony o), which were Jjudged
to be different from each other, were scattered on the respective
standard agar culture having the same compositidn.as the above,
for subcultivation. The gram staining and 1limulus activity of
the bacteria in the colonies were determined. '

Here, the “limulus activity" means to be positive to 1limulus
test which is a method invented by Levin in 1968 for quantitati-
ve determination of endotoxin using a norseshoe crab haemocyte
extract and a chromogenic substrate. The limulus test is known
a5 a method for the detection of LPSs, and may 'be carried out

using, for example, a reagent set commerclially available from

Sei-Kagaku Kogyco Co, in Japan under the trade name of Toxi-

Color systen.

Of the above ceclonies, the Yimulus activity of the colonies 4

and 5 (both being gram stain-positive) were extremely 1low as

1.2
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compared with that of the colonles 1, 2 and 3 (all being gram
s5tain-negative), so the former colonies were taken aside. The
morphological and blochemical characteristics of only the
colonies 1, 2 and 3 were observed using the media availlable from

NIssuil Selyaku Co. and ID tests EB-20 to show the 'followlng

results:

Bacteria forming the colony { (1D number: 900814~1i

(The Dbacteria were derositted with Fermentation Research

Institute Agency of Industrial Science and Technology on August
17, 1880 under the number of FERM P-11664 and transferred to the
international deposit under BUDAPEST TREATY on August 12, 1991
under the number of FERM BP~3509.)

The bacteria are supposed to belong to the genus Serratia of
the family Enterobacteriaceae in view of the following
morphological and biochemical characteristics.

a) Morphological characteristics
1) Small rod
2) No Motility

3) Gram stain: -~
b) Growth

1) Standard agar medium: a yellow to creamy round opaque

colony is formed,

2) SS agar medium: A white translucent colony is5 formed.

[55 agar medium: Nissui Seiyaku's code No. 050311

Broth . 0.0 g/l
Blle acld salts 9.0 g/l
Peptone 7.5 g/1
Lactose 10,0 g/1

13
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Sodium citrate 8.5 g/1
Sodium thiosulfate 5.5 g/1
Ferric citrate 1.0 g/]
Neutral red 0.025 g/)
Brilliant greén 0.033 g/1
Agar 13.5 g/}

PH! 7.1% 0.1

3) TSI agar medium: NO change is found on the sltant, but

the higher layer changes to yellow. Gas |f pProduced.

[SS agar medium: Nissui Selyaku's code No. 05031]

Broth 5.0 ag/1
NaCl 0.0 g/1
Peptone ' 15.0 g/1
Lactose 10.0 g/1
Sucrose 10,0 g/1
Glucose | 1.0 g/1
Ferric citrate 0.2 g/l
Sodium thiosulfate 0.2 g/l
Phenol red 0.02 g/l
Agar 15.0 g/1
PH: 7.6% 0.1 |

C) Physiological characteristics
1) Voges-Proskauer reaction: 4
2) Indole production: -

3) Hydrogen sulfide production: -

4) Utilization of citrate: v
D) Ureasge: -

6) Oxidase: -

14
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.....

7) 0-F test: +
d) Utilization of carbon sources

1) Lactose: +

2) Adonitol: -

3) Rhamnose: +

4) Mannitol: +

5) Esculin: +

8} Inositol: -~
7) Sorbitol: +

8) Arabinose: +

9) Raffinose: +

10) Sucrose: +

€} Others

1) Lysin decarboxylase: -
2) Utilization of malonate: -
3) Arginine dihydroxylase: -
4) Phenylalanine deaminase: -
0) Ornithine decarboxylase: -

Bacteria forming the colony 2 (ID number: 900814-2{
=Sz 28 IPIMINY Lae colony 2

17, 1990 under the number of FERM P~11885 and transferred to the
international deposit under BUDAPEST TREATY on August 12, 1991
under the number of FERM BP-3510.)

The bacteria are supposed to belong to the genus Enterobacter
of the famlly Enterobacteriaceae in view of the following

morrphological and biochemical Characteristics,

a) Morphological characteristics

15
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1) Small rod
2) No Motility
3) Gram stain: -

b) Growth

1) Standard agar medium: a creamy opaque colony 1is formed,

2) 58 agar medium: A red opaque colony is formed.
3) TSI agar medium: NO change is found on the slant, but

the higher layer changes to vellow. Gas i1f produced,
C) Physiological characteristics
li Voges-Proskauer reaction: +
2) Indole production: -

3) Hydrogen sulfide production: -

4) Utilization of citrate: +
o) Urease:

6) Oxidase: .
7) O~F test: 4

d) Utilization of carbon sources
1) Lactose: +
2) Adonitol: -
3) Rhamnose: +
4) Mannitol: +
5) Esculin: +

6) Inositol: -
7) Sorbitol: +

8) Arabinose: +
8) Raffinose: +

10) Sucrose: +
e) Dthers

16
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1) Lysin decarboxylase: -
2) Utilizatlion of malonate: +
3) Arginine dihydroxylase: +
4) Phenylalanine deaminase: -
5) Ornithine decarboxylase: +
Bacteria forming the colony 3 (ID number: 800814-3)

(The bacteria were depositted with Fermentation Research
Institute Agency of Industrial Science and Technology on August
17, 1980 under the number of FERM P-~11666 and transferred to the
international deposit under BUDAPEST TREATY on August 12, 1991
under the number of FERM BP-3511.)

The bacteria are supposed to belong to the genus Pantoea of
the family Enterobacteriaceae in view of the following morpho-
logical and biochemical characteristics.

a) Morphological characteristics

1} Small rod

2) No Motility

3) Gram stain: -
b) Growth

1) Standard agar medium: A yellow round trénslucent colony is

' formed,
2) S5 agar medium: No colony is formed.
3) TSI agar medlumf NO change is found on the slant, but
the higher layer changes to yellow. Gas In not produced.

c) Physiological characteristics

1) Voges-Proskauer reaction: +

2) Indole production: -

3) Hydrogen sulfide production: -

17
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4) Utilization of cltrate: +
o) Urease: -
6) Oxldase: -
7) O-F test: +

d) Utilization of carbon sources
1) Lactose: +
<) Adonitol: -
35 Rhamnose: +
4) Mannitol: +
50) Esculin: +
6) Inositol: -
7) Sorbitol: +
8) Arabinose: +
) Raffinose: -

- 10) Sucrose: +

e) Others

1) Lysin decarboxylase: -

2) Utilization of malonate: +

3) Arginine dthdroxylase: .

4) Phenylalanine deaminase: ~

o) Ornithine decarboxylase: -
4) The colonles 1, 2 and 3 were transferred to 1 liter L-broth
medium, respectively, and the media were shaken at 37C over
night, and then subjected to centrifugation at 0,000 G, 4°C for
20 minutes to collect the cells. The L-broth was prepared by
dissolving 10 g of 'polypeptone (Difco Co.), 5 g of vyeast
extracts (Difco Co.) and spectal grade NaCl (Wako=-Jun-Yaku Co.

in Japan) In distilled water, adjusting the pH of the solution

18
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0 7.5 with NaOH followed by autoclaving, and then adding a 400-
fold dilent of a 40% solution of speclal 9grade glucose (Wako-
Jun-Yaku Co.) to the solution.

5) The cells of the respective colonies were suspended in 50 ml
Of distilled water, and 50 ml of a 90 % hot phenol was added to
the suspension followed by stirring at 65 - 70°C for 20 minutes,
After being cooled, the mlxﬁure was subject to centrifugation at
10,000 G, 4°C for 20 minutes to recover the aqueous layer. The
phenol layer was treated additional two times In the same manner
as the above, The combined three aqueous layers ware subJjected
to dialysis overnight to remove the phenol. The Inner solution
was subjected to ultrafiltration using UK-20 (Advantec Toyo Co.)
for concentration by cutting off.molecular welght 200,000; Na
pressure: 2 atms.

6) The concentrated sample was subjected +to anion-exchange
chromatography using Q-Sepharose Fast Flow (Pharmacia Co.).
That is, the sample was applied to the column using a buffer
solution containing 10 mM Tris-HCl (pH 7.5) and 10 mM 0of NaCl,
and then the limulus active fractions were eluted with 400 mM
NaCl / 10mM Tris-HCl1 (pH 7.5). The eluate was subJected to
ultrafiltration unde the same conditions as the above for
desalting and concentration to produce 96% or more pure LPS.

The nucleic aclid was eluted with 1| M NaCl /10 mM Tris-HCl (pH
7.5). ' |

The results of the respective cells are shown in Tables {1 - 3.

Here, the LPS content is in terms of E. coli LPS. The sugar

content was determined according to the phenol ~ sulfuric acid

method (M. Dubis et al., "Analytical Chemistry", vol. 28, p.

18
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350, 1956), while the protein content was determined by the
Lowry method (0.H. Lowry et al., “Journal of Biological Chemi -
stry), vol., 193, p. 65, 1951, The nucleic acid content was

determined on the basis of the measurements of OD at 280 nm

(1 OD= 50 wug), and the Purity (%) was calculated by the
equation:

Dried yield ~ (Protein yield + nuclelc acid yield)
Pur ity ——————e X 100
Dried vield

Table 1: 8500814-1

mwm

Total dried yvield (mg) 6.8
LPS (mg) - | 19.8
Sugar (mg) | 3.1
Protein (ug) . 88
Nucleic acid (u9) (161
Purity (%) - 96«4

Table 2: 900814~2

Total dried yield: (mg) 10.4
LPS (mg) 75.6
Sugar (mg) 2.9
Protein (ug) . 64
Nucleic acid (ug) <108
Purity (%) 88<

Table 3¢ 900814-3
Total dried yield (mg) 19.2
LPS (mg) '103.6
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Sugar (mg) | 7.8
Proteln (ug) 73
Nucleic acid (ug) <137
Purity (%) - 9%

6) Molecular weight

The LPSs resulting from the respective cells were dissolved in
distilled water, respectively to prepare solutions containing 2

- mg/ml of LPSs, The 10 #l portions of the solutions were placed
In 1.5 ml plastic tubes. To the respective portions there was
added 10 pl of an SDS treatment solution prepared by mixing 10
ul of 10 % (w/v) of SDS, 45 yl of 5 % g-mercaptoethanol, 90 ul
of a CBB coloring matter solution, 112.5 ul of 0.5 M Tris-HCl
(PH 8.8) and 22.5 ul of distilled water. The resulting mixture

was mixed well and then Iimmerssed in bolling water for 5
minutes, and immediately thereafter the mixture was quenched in
ice water., o

10 ml of 10 % (w/v) SDS, 17.9 g of tricine and 3“03 g of Tris
were dissolved in 1 liter of distilled water to pPrepare a buffer'
solution for electrophoresis which was then placed in Slab-gel

-electrophoresis tank (Marisoru Co.). 20 % polyacrylamide gel
was fixed in the tank, and the sample was placed in the sample
groove. The voltage was kept at 50 v for 1 hour, and then at
1500 v, and the electrophoresis was allowed to proceed until the
colorlné matter flowed out through the gel; these Procedures
are defined as SDS-PAGE method throughout the speclfication and

the claims., At the end of the electrophoresis, si{lver staining

was carried out using silver stalning kit 161-0443 (Bio~-rad Co.)
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at room temperature to confirm the behavior.

The molecular weight of the LPSs of the present invention was
calculated to be 5,000:% 1,000 (LP51 resulting from bacteria
200814-1), and 6,500:% 2,500 (LPS2 and LP83 resulting fronm
bacteria 900814-2 and 000814-3, respectively) {n view of the
behaviors of the markers for protein m. w. [Pharmacia's LMW kit
E:  phosphorirase b (84k), albumin (67k), ovalbumin '(43k),
carbonic anhydrase (30k)‘, trypsin inhibitor (20Kk), a-lactalbum-
Iin (14kK)1, and those of the markers for peptide m. w. [Pharma-
cia's 1860-101 m. w. marker: myoglobin (16.9K), myoglobin I & 11
(14.4X), myoglobin I (8.2k), myoglobin 11 (6.0k) and myoglobin
IV (2.5k). In the same manner as the above, E. coli LPS
(0127:B8LPS available from Difco Co.) was found to have dominant
m. w. at 40,000% 10,000 and 8,000+ 4,000. .

The stained bands of LPS!1, LPS2 and LPS3 in the slillver
staining are shown in Fig. 1, In Fig. 1; the number 1, 2 and '3
show the stained bands of LPS1, LPS2 and LP53, respectively.

As shown in Fig, 1, LPS! showed another stained band around m.
w; 30,000. LPS2 showed another stained band bridging from
30,000 to 43,000, but 1t may be sald that 1t contains only
little high molecular weight substance in view of the staining
strength of the bands at 14,000 or less. Also in view of the
sugar content and hexosamine content mentlioned later, LPS2 the
lowest sugar content, and LPS1 has higher sugar content than
LPS3. This order is believed to be in harmony with the patterns
observed in the electrophoresis, rurther, the ratio of LPS

content to total dried vield decreases in the order of LPS2,

LP53 and LPS1. Considering the foregolng, {t may be estimated
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that LPS2 comprises relatively low molecular weight LPSs, and

the content of low molecular welght LPSs decrease in the order
of LPS3 and LPSt.

6) Phosphorus content

The captioned content was determined as follows according to

the Chen-Toribara method (Chen et al., "Analytlcal Chemistry”,
vol. 28, pp., 1756 -~ 1758, 1956)

LP51, LPS2 and LPS3 were dissolved in distilled water separat-~
ely to prepare 20 pf solutions containing 31.6, 57.86, or 103,86
#g of LPS which were then placed in a small test tube. To the
mixture there was added 20 p2 of 50 v/v sulfuric acid followed
by heating at 160°C fdr 2 hours. - Then 20 e of B0 wv/v %
perchloric acid was added to the mixture which was then heated
on a gas burner for 1 minute to ash, Thereafter, 0.5 mf8 of
distilled water and then 0.5 mf of a reaction reagent (2 portion
0f the preparation made by mixing im& of 6N sulfuric acid, 2m§
0f dlstilled water, 2 mi of 2.5 v/w % ammonium molybdate and 1mg
0f 10 v/w % of ascorblc acid) were added to the heated mixture
which was then allowed to stand for 30 minutes at room
temperature. Thereafter the absorption at 820nm (ODssonm) Wwas
determined. Here, as the standard sample for the preparation of
the calibration curve, potassium didrogen phosphate (manufactur-
ed by Wako Jun-yaku Co. in Japan) was diluted with water to

prepare 0.5 m2 of solutions containing 2.5ug9, lpg, 0.25u9 or O

ug 0f phosphorus., In this connection, 1 g9 of Phosphorus
corresponds to 4.38 g of potassium dldrogen ph03phate. The
effects observed are shown in Table 4 given below. In the
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table, the data of absorption are modifled by subtracting the
values of the control not subjected to the heating from the

observed values in order to avoid occurrence of errors due to
mixXing~in of inorganic phosphorus from, for example, phosphate
buffer solution. The P content (yg) i5 calculated on the bas1s
of the data of absorption. The P content (w/w %) was calculated

according to the folloing equation. In the equation, "0.87" is
the OD value of 1 ug of the standard pPhosphorus, and the sample
concentration 1s the proportion of the respective LPSs dissolved

in distilled water (mg/ml).

Abscorption of sample

P content (w/w %)= —
0.67 X (sample concentration) x 0.05

P number is the number of phosphorus per m. w. 5,000 calculated

according to the following equation:

P content (w/w ¥) 5,000
x-—-—-«-—m
100 31

P number=

Table 4

LPS{Absorption (P content (ug)|P content (w/w %)|P number

) Hexosamine content

The captioned content was determined as follows according to
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the Elson-Morgan method (Library of biochemical experiments, No.
4, pp. 377 ~ 378, Tokyo Kagaku Dojin Shuppan Co. in Japan).

LPS was dissolved in distilled water to prepare a solution
containing 1.58 mg/ml of LPSI, 2.88 mg/ml of LPS2 or 5.18 mg/ml
of LPS3, and the respective 100 #2 portions were placed In a
test tube with a screwcap (manufactured by Iwaki Glass Co. In
Japan) followed by addition of 100 uf of 8N HCAa théreto, and the
mixture was heated at 110°C for 16 hours. and then about 200us
of 4N NaOH was added to the mlxture to bring the pH to 7. A
10048 portion of the mixture was seprarated off and placed in
another test tube with a screwcap followed by addition of 200 us
of Reagent A explained below thereto. The mixture was then
heated at 105C for 1.5 hours, and then cooled with a running

water. Next, a 100 u2 portion of the mixture was separated off
followed by addition of 670 u% of a 96 % ethanol and then 67 g
Of Reagent B explained below, and was then allowed to stand at
room temperature for 1 hour followed by determination of
adSorptlon at 535nm. As the standard sample to prepare the

calibration curve, 0.20 - 200 ug/me of N-acetyl glucosamine

(Wako Jun-yaku Co. in Japan) was used.

Reagent A: prepared by mixing 75u% of acetyl acetone and 2.5 ml
of 1.25 N sodium carbonate

Reagent B: prepared by mixing 1.8g of p-dimethyl benzaldehyde,

30'mﬂ of conc. hydrochloric acid and 30 me of 96%
ethanol

As a result, the number of hexosamine in LPS1, LPS? or LPS3
was 9 x 1, 7 £ 1 or 5 % 1 per m. w. 5,000.

25



‘91 N8/20 23:13 70480 82 0993 Sunrise Inc. (D027

049548

9) KDO content

The KDO (2-keto-3-deoxyoctonate) content was determined as
follows on the basis of the‘diphenylamine method (Shaby R, et
al ., "Analytical Biochem.", 58(1), pp. 123~-129, 1974).

A KDO detection reagent was prepared by combining 500 mg of
dipenylamine, 5 mt of ethanol, 45 m of glacial acetic acid and
o0 mf of conc, hydrochloric acid (all commerclially available
from Wako-Jjunyaku Co. in Japan). A bB00 uf portion of the
pPrepared reagent was combined with 250 uf of distilled water
containing any of 0.505 mg/m2 of LPS1, 0.576 mg/m2 of LPS2 and
0.518 mg/m2 of LPS3, The resulting mixture was heated in a
bolling water bath at 100°C for 33 minutes and then cooled 1in
cooling water.at 24.5°C for 30 minutes. The UV absorption of

the mixture was determined at - 420, 470, 630 and 650 nm to
provide data Aiaos, Aavo, Aeso and Asso, respectively. "As the
standard sample, there was used 250 uf of distilled water
containing 0.5 u mole/mg of ammonium salt of KDO (Sigma Co. in
U.S.A.). The‘value S for the test and standard samples was
calculated according to the following equation:

S = Aggz0 = Aavo t Aesoc = Aeso .

The value of the test sample (S.) was 0.109 for LPS1, 0.078
for LPS2 and 0.099 for LPS 3, whereas that of the standard

sample (S5;) was 0,246. The value of distilled water was 0.005.
The comparison of these values suggests that LPS1, LPS2 and LPS3
contaln 2 = 1, 1~2 and 2 = 1 of KOD per m. w. 5,000,

As an example, Iin the case of LPS1, the KOD content of the

solution X (g mole/ml) may be determined by the equation:
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0.5 X

R ATl i ol Bty SO

0.246 0.108

According to the above equation, x i{s determined to be 0,221,
Thus the molar number of KOD contained in ! mole of LPSt 1is
determined to be 2.19 according to the following equation on the

assumpetion that 1 mole of LPS1 1s m, w. 5,000.

0,000
y= x X 107 ¥ ————m————=a 2,19

0.505 X 10°°

Illustrative embodiments of preparations containing LLPS
according to the present invention will be given in the
following examples wherein the LPS content is in terms of E.

coli LPS calculated according to the 1imulus test.

gxample 2 (tablets)

Wheat LPS 0.04 g
64 HPC lactose 178 g
Talc stearate 6 g
Potato starch 14 g

The above ingredients were mixed and formed into 400 tablets

each weighing 0.5 g and containing 0.1 mg of wheat LPS.

Example 3 fsolutlon for internal use)

ILPS1 1 mg
Purified water 100 me

Example 4 (ointment)
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LPS1 0.1 ¢

Purified lanolin 80 g
Yellow petrolatum ad 1,000 g

Example S5(injdection)

LPS1 0.5 my

Distilled water for injection ad 1,000 m2

Preparation 1 (preparation of B. pertussis LPS)

An experimental B, pertussis solution obtained from Serum
L.aboratory, a public institute of Chiba prefecture in Japan (2.0
X 10*® cells /7 mf) was used.

The solution was suspended in sterile water to prepare a
suspension containing 25 mg (dry basis) / mit of dead cells. To
the suspension, there was added an equivalent of a 80% hot
phenol solution (68 - 70°C) was added, and the mixture was
shaked at 680C for 1 hr. The mixture was subjected to
centrifugation at 8,000 G, 4C for 20 min. to collect the

aaueous layer. Sterile water in the same quantity as of the

aquecus layer was added to the remaining phenol, and the mixture
was shaked in the same manner as the above. The resulting
aqueous layer was combined wlith the first aqueous layer followed
by dialysls in running water overnight, and then the mixture was
concentrated to a tenth using a rotary evaporator. The
concentrate was subjected to centrifugation at 8,000 G, 4°C for
20 min, 'The supernatant was separated off, and a small amount

of sodium acetate was added thereto. Cold ethanol at 0 - 4%

was added to the mixture In an amount of six times as much as
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the latter, and the resulting mixture was allowed to stand at
~20"C  overnight. Then the  mixture was  subdected to
centrifugation at 4,000 G, 4°C for 30 min. to collect the
sediment which was subJected to centrifugal washing with ethanol
(twice) and acetone (once) followed by drying with an aspirator.
The residue was suspended in distilled water to prepare a 20 mg
/m& Of solution which was then subjected to ultrasonic treatment
with a Sonifia 185 (Branson Co. in U.S.A.) (outlet control 5, 15
min., room temperature), The solution was subjected to
centrifugation at 2,500 G, 4°C for 10 min. to separate off the
supernatant. ' ‘

- The supernatant was treated at 4 C with nucleases, DNase 1 and
Rnase A (both manufactrured by Sigma Co. in U.S.A) for 15 - 16
hrs: totally 10 uga/mf of DNase I and 20 ug/m2 of Rhase 4 were

used. The same amount of the nucleases as the above were added
to the mixture followed by warming at 377 _for 2 hrs and
centrifugation at 2,500 G, 4C for 10 min. to separate off the
supernatant.,

The supernatant was filtered through a pore size of 0.2 um
using Acrodisc manufactured by Gelman Co. 1In U,.8.A. The
filtrate was subljected to molecular sieve (resin: Sepharose 6B
manufactured by Pharmacia Co. in U.S.A; column size: 5 cm (1.d.)
X 160 cm (length): buffer: 10 mM of Tris-HCS / 10 mM of NaCa (pH
7.5); flow rate!: about 3 m&/cm®*/hr.). The fractions confirmed
to be positive to limulus test with LS-1 kit commercially
avallable from Sel~Kagaku Kogyo Co. in Japan were collected and

filtered through a pore size of 0.2 um using Acrodisc mentioned

above. The ftltrate was subJldected to ion exchange (apparatus:
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FPLC manufactured by Pharmacia in U.S.A.; resin: Mono Q* HR

10/10 manufactured by Pharmacia in U.S.A.; buffer: 10 mM of
Tris-HC1/10 mM of NaCl (pH 7.5); flow rate: 2 ml/min.)
wherein the filtrate was washed with the buffer for 15 min.,
then, after the NaCl content of the buffer was increased to
165 mM, for 30 min., then, for 20 min. while increasing the
NaCl content to provide a NaCl content gradient from 165 mM
to 1 M, and then, for 30 min. at the NaCl content of 1 M.
The fractions confirmed to be positive to limulus test with

LS-1 kit commercially avallable from Sei-Kagaku Kogyo Co. in

Japan were collected.

The collected fractions were combined and desalted
on a column (resin: Sephadex* G-25 fine manufactured by
Pharmacia in U.S.A.; column size: 2 cm {(i. d.) X 25 cm
(length); eluting agent: distilled water), and then
lyophilized.

Nucleic acid 1s of the greatest possibility of
being mixed 1n the lyophilized sample (4.50 mg). Therefore,
the UV absorption curve (200-400 nm) was prepared, and the
absorbance at 60 nm was determined. The nucleic acid
content was calculated to be 1% or less on the basis of the

above absorbance 1n view of the fact that the nucleic acid

content was 50 pg/ml in the case where the absorbance was 1.

In addition, no apparent evidence showing the presence of a
protein was observed in SDS electrophoresis. Thus,
considering the detection sensibility, the highest content
of protelins which may be mixed 1n the above lyophilized

sample was estimated to be 0-3%. Accordingly, the purity of

* Trade-mark
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the above lyophilized sample was estimated to be 96% or

more.

The physical properties of the thus prepared B.

pertussis LPS

30a

i reod = PIARAP Y BN T T e T

e AP AN L A . ' - . .



‘91 08720 23:23 0480 982 09883 sunrise Inc, () 032

(sometimes referred to only as B. P, LPS) were determined in the

same manner as described in .Example 1. The 1results were as

follows:

Physical properties of B, pertussis LPS
Molecular weight: 6,000 * 1,000 (by SDS-PAGE method)

Phosphorus content: 4 per molecular weight of 6,000
Hexosamine content: 12 per molecular weight of 6,000
Fatty acid content: 4 per molecular weight of 6,000

KDO content: 2 + 1 per molecular welght of 6,000

The prhysical properties of E. coli LPS (0128 B8 manufactured
by Difco Co, in U.S5.A,) determined in the same manner as

described {n Reference Example 1| were as follows:

Physical properties of E, coll LPS
Molecular weight: 40,000 x 10,000
8,000 £ 4,000 (by SDS-PAGE method)
Phosphorus content: 12 per molecular weight of 30.000
Hexosamine content: 45 = 6 per molecular welght of 30,000
Fatty acid content: 18 per molecular weight of 30,000
KDO content: 5 + 1 per molecular weight of 30,000

Experiment 1 (immunity stimulating effects)
1) Zero point two mf of physiological saline containing i, 10 or

100 pug (in terms of limulus activity) of LPSi, LPS2 or LPS3
was Iinjected into 7 week old C3H/He male mice via caudal velin:

each group consisted of two or three mice having an average
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welght of 259, One hour later the serum was collected to

determine the TNF activity on the basis of the toxicity to L1929
cells. The results calculated as an average of two or three per
group are shown In Table 5 given below, in the table,

parenthesized are the number of the mice used.

Table 5

TNF activity (units/ml)

| Dose |

LPS1{6.15 (3)(25.80 (2)|30.68 (2)
LPS2(1.80 (3)| 7.47 (2)| 6.57 (2)

LPS3]|7.44 (3)[16.19 (2)]34.47 (2)

pxperiment 2 (Analgesic effects)

To five~-membered groups of 7 to 10 week old C3H/He nmale mice
having an average body weight of 28 g9, there was orally
administrated 200 ul of distilled water containing 0, 1, 5, 25
or 400 ug / mouse of LPSS or E. coli LPS using a probe. One and
a nalf hours later, 500 pul of 0.7 % acetic acld was given to the
mice intraperitoneally over a period of 5 minutes. The freguen-

cy 0f writhing of the respective mice was counted, and the

results as shown in Table 8 were recorded (an average of 5 mice

in the respective groups). In the table, "-" reflects that the

determination was not made at sald dose. The writhing inhibiti-
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on (%) was calculated by the following equation.
{1-L(frequency of writhing at the dose)-(that at 400 pg)l/
{{(frequency of writhing at 0 pug)-(that at 400 umg)l} x 100

Table 6

LPS dose|LPS3 of the present E. coll LPS

 invention

Writhing [Writhing Writhing (Writhing

frequency|inhibition}{frequency|inhibition
(%) (%)

Flg. 2 1s a graph reflecting the results shown 1in Table &.
Fig, 2 shows that the writhing inhibition EDso of LPS3 1s 2.8 ug
/ mouse, whereas that of E. coll LPS is 17 ug9 /7 mouse. Thus it
ls supposed that the analgesic effect of LPS3 is about six
times as of E, coli LPS.

Experiment 3 (Antiwithdrawal effect - 1)

Molecular sieves were lmpregnated with morphine HCl available
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from TakKeda Chemlcal Industrles Ltd. In Japan to prepare 12.7 myg

0f morphine pellet which was then implanted In the back, a
little below the neck, o0f 4 to 5 week old ddY mice (body
welght: 20 ~ 24 g), Two days later; there was given 50 pug / Kg
of E. coll LPS (6 mice), LPS3 (7 mice) or B.P. LPS prepared in
Preparation 1 (6 mice) as a solution 1in physiological saline,
The control group received only physiological saline. One hour
later, 10 mg / Kg of naloxone was.given intraperitoneally, and
immediately thereafter the Jjumping frequency of the mice was

counted over a reriod of 40 minutes to determine the Jumping

control effects. The results are shown in Table 7. In the

table, the figures show the number of the mice concerned. The
Jumping control effects were evaluated as follows:

The average Jjumpling frequency of the control group (12 mice)
pPer mouse was 62.7 =+ 25.5. 50, In view of the difference 37
(= 62.5 -~ 25.5), the case where the Jumping fredquency was 37 or
more was estimated to have "no effect", whereas the case where

the frequency was less than 37 was estimated to be "effective®,

Table 7

Jumping inhibition effect

Effective No effect

0 [

Physiological saline 1 | 11
LPS3 7 D
E., coli LPS 3 | 3
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As is apparent in Table 7, the antiwithdrawal inhibition ratio

was only about 8 % in the control grop, whereas the value was 50

%, about 687 % or 100 % in the group to which E. coli LPS, B.P.
LPS 'or LPS3 was given.

Experiment 4 (Antiwithdrawal effect - 2)

In order to determine whether the antiwithdrawal effects of
the LPSs of the present invention in intravenous administration
are dose-~dependent, 12.7 mg of morphine pellet prepared as- in
Experiment 3 was implanted in the back, a little below the
neck, of 4 to 5 week old ddY mice (average body welght: 20 g).
Two days later, there was given 0;5 (to 6 micel), 8 (to 6 mice),
15 (to 9 mice), 50 (to 12 mice) or 500 ug / kg (to 6 mice) of
LPS3 was given to the mice intravenously as a solution in
physiological saline. The control group (10 mice) received only
physiological saline. One hour later, 10 mg / kg of naloxone
was given intraperitoneally, and immediately thereafter the
Jumping frequency of the mice was counted over a period of 40
minutes. The results are shown in Table 8 as an average per
mouse In the respective groups.

Table 8

Dose of LPS3
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iJumplng frequencyIGS.SIGS.B 42,0116.l|20.5'11.5 l

Fig, 3 is a graph corresponding to the results given in Table

Experiment 5 (Antiwithdrawal effect - 3)

In order to determine whether the antiwithdrawal effects of

the LPSs of the prresent invention in intradermal administration

are dose-dependent, the procedures of Experiment 4 were followed

except that the dose of LPS3 was 50 (to 7 mice) or 508 g / Kg
(to 5 mice), and the cotrol group consisted of 8 mice. The
results are shown in Table 8§ as an average per mouse In the

respective groups.

Table 98

IPhysiological salinelB50 g / Kgidol pg / k9 

Frequency 84,7 44

Fig., 4 is a graph corresponding to the results given in 'Table

Figs, 3 and 4 clearly show that the antiwilithdrawal effects of

the LPSs of the present invention are dose-dependent.

Experiment 6 (Antiwlthdrawal effect ~ 4)

In order to determine whether the antiwithdrawal effects of

36
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the LPSs of the present invention are dose time-dependent,

12.7 mg of morphine pellet prepared as In Experiment 3 was
Implanted in the back, a little below the neck, of 4 to 5 week
old ddY mice (body welght: 20 - 24 ¢g), Two days later, there
was.glven 10 mg / kg of naloxone intraperitoneally. 50 ug /kg of
LP53 was administered to the mice 1 hour (7 mice), 3 hours (8
mice), 8 hours (6 mice) or 18 hours (5 mice) before the
adminlstration of naloxone. Immediately after the administrati-
on of naloxone, the Jumping frequéncy of the mice was counted
over a period of 40 minutes. The control 9group receiving no
LPS3 consisted of 9 mine. The results are shown in Table 10 as
an average per mouse In the respective groups.

Table 10

Administration|{No doselHrs. prior to naloxone administration|

aman o b

(time of LPS3

Jumping 33.7

frequency

Fig. O 15 a graph corresponding to the results given in Table
10. Flg. 5 teaches that the LPSs of the present invention have
withdrawal-preventive effects, and the maximal preventive effec-
ts will be shown when the LPSs are administered immediately
before the occurrence of withdrawal symptoms

Dose, interval and toxicity

In view of the néture of Immunity stimulators, analgesics

d7
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and wilthdrawal agents, and veterinay immunity stimulators,

analgesics and withdrawal agents, the dose and the interval of
the LPSs of the present invention are of course determined by
the doctor or veterinarian in charge individually in view of the
age, conditions, etc of the patient and effects of administrati-
on. However, it may be said that | w9 -~ 100 mg (oral
administration), 10 ng - 10 mg (intravenous administration) and

100 ng - 1 mg (percutanous administration) are standard single
dose per day to adults (body weight 680 kg). For veterinary use,

about one sixtieth of the above quantities may be glven'per 1 kg
of body weilght of large-sized animals such as cattle, horses or
the 1ike. About twice as much' as the dose to large-sized
animals may be given per 1 kg of body weight of medium- or
small-sized animals such as pigs, dogs, cats or the like. Fowls
or the like may recelve twice as_much as the dose to medium- or
small~-slzed animals. The LDso.of LPS1, LPS2 and LPS3 in 7
week old C3H/He male mice havingoan average body welght of 22 g
were 150, 180 and 180 pug9 /mouse according to the BehfensKarber:
these values are less than 60 % of 300 ug / mouse found for E.

coll LPS. "Further, E. colil LPS and B. P. LPS had the following
LDso (an average of the data on two male BALB/C mice welghing 45

Kg on average),.

LDeo / K9 (mg)

pndbe
<
0
»

1.V,

E. coll LPS
B‘ P‘ LPS

16
3 2

. _
' AN

What we claim is:

38
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CLAIMS:

1. A lipopolysaccharide (LPS) ~producing gram-negative
small bacillus belonging to the species Serratia ficaria and

having the following properties:
5 a) morphological characteristics
1} small rod
2) no motility
3) Gram stain: -
b) growth

10 1) standard agar medium: a yvyellow to

Creamy round opaque colony is formed;

2) salmonella-Shigella (SS) agar medium:

a white translucent colony is formed;

3) Triple Sugar Iron (TSI) agar medium:
15> no change is found on the slant, but the higher layer

changes to yellow; gas is produced;

C) physiological characteristics

1) Voges-Proskauer reaction: +

2) indole production: -

20 3) hydrogen sulfide production: -

4) utilization of citrate: +

D) urease: -

©6) oxilidase: ~

39
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7)) O-F test: +

d) utilization of carbon sources

1} lactose: +

2) adonitol: -

3) rhamnose: +
4) mannitol: +
5) esculin: +

©) 1nositol: —

7) sorbitol: +
8) arabinose: +
9) raffinose: +
10) sucrose: +

e) others

1) lysin decarboxylase: =

2) utilization of malonate: —

3) arginine dihydroxylase: =

4) phenvylalanine deaminase: —

O) ornithine decarboxylase: -

A lipopolysaccharide (LPS)-producing gram-negative

20 small bacillus belonging to the species Enterobacter cloacae

and having the followling properties:

BRI Y e g s PR e g rg P e e LS § LS SRS EIAD LT A CLIMM A AN TE
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a) morphological characteristics
1) small rod
2) no motility
3) gram stain: -
5 b) growth

1) standard agar medium: a creamy opaque

colony 1s formed;

2) Salmonella-Shigella (SS) agar medium:

a red opaque colony 1s formed;

10 3) Triple Sugar Iron (TSI) agar medium:

no change 1s found on the slant;

c) physiological characteristics

1) Voges-Proskauer reaction: +

2) 1ndole production: -

15 3) hydrogen sulfide production: -

4) utilization of citrate: +

5) urease: -

6) oxidase: -

7) O-F test: +
20 d) utilization of carbon sources
1) lactose: +

2) adonitol: -

471
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3) rhamnose: +
4) mannitol: +
5) esculin: +
6) i1nositol: -
5 7) sorbitol: +
8) arabinose: +
9y raffinose: +
10) sucrose: +
e) others
10 1) lysin decarboxylase: -
2) utilization of malonate: +
3) arginine dihydroxylase: +
4) phenylalanine deamilnase: -
5) ornithine decarboxylase: +
15 3. A lipopolysaccharide (LPS)-producing gram-negative

small bacillus belonging to the species Pantoea agglomerans

and having the following properties:

a) morphological characteristics

1) small rod

20 2) no motility

3) Gram stain: -

42
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b) growth

1) standard agar medium: a vyellow round

translucent colony 1s formed;

2) Salmonella-Shigella (SS) agar medium:

5 no colony 1is formed;

3) Triple Sugar Iron (TSI) agar medium:
no change 1s found on the slant, but the higher laver

changes to yellow; gas 1s not produced;

c) physioclogical characteristics

10 1) Voges-Proskauer reaction: +

2) 1ndole production: -

3) hydrogen sulfide production: -

4) utilization of citrate: +

5) urease: ~

15 o) oxidase: —

7) O-F test: +

d) utilization of carbon sources

1) lactose: +

2) adonitol: -

20 3) rhamnose: +
4) mannitol: +
5) esculin: +

43
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©6) 1nositol: -
7) sorbitol: +-
8) arabinose: +
9) raffinose: -
10) sucrose: +

e) others

1) lysin decarboxylase: -
2) utllization of malonate: +
3) arginine dihydroxylase: -
4) phenylalanine deaminase: -
5) ornithine decarboxylase: -

4 . A lipopolysaccharide (LPS) produced by the

r—

bacillus of claim 1 and exhibiting the dominant molecular

weight of 5,000 + 1,000 as determined by SDS-PAGE method,

having 2 + 1 phophorus, 9 + 1 hexosamines and 2 + 1 KDO per

molecular weight of 5,000.

5. A lipopolysaccharide (LPS) produced by the
pacillus of claim 2 and exhibiting the dominant molecular
weight of 6,500 + 2,500 as determined by SDS-PAGE method,
having 1-2 phophorus, 7 + 1 hexosamines and 1-2 KDO per

molecular weight of 5,000.

6. A lipopolysaccharide (LPS) produced by the
bacillus of claim 3 and exhibiting the dominant molecular

weight of 6,500 + 2,500 as determined by SDS-PAGE method,

44
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having 2 + 1 phophorus, 5 + 1 hexosamines and 2 + 1 KDO per

molecular weight of 5,000.

7. An i1mmunity stimulator that is a medicine

comprising:

(a) the lipopolysaccharide as defined in any one

of claims 4-6 and
(b) a pharmaceutically acceptable carrier.
8 . An analgesic that 1s a medicine comprising:

(a) the lipopolysaccharide as defined in any one

of claims 4-6 and
(b) a pharmaceutically acceptable carrier.

9. An antiwlthdrawal agent that is a medicine

comprising:

(a) the lipopolysaccharide as defined in any one

of claims 4-6 and
(b) a pharmaceutically acceptable carrier.

10. A veterinary 1mmunity stimulator that is a

veterinary mediclne comprising:

(a) the lipopolysaccharide as defined in any one

of claims 4-6, and
(b) a carrier suitable for veterinary medicine.

11. A veterinary analgesic that is a medicine

comprising:

45
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(a) the lipopolysaccharide as defined in any one

of claims 4-¢6 and

(b) a pharmaceutically acceptable carrier.

12. A veterinary antiwithdrawal agent that is a

medlicilne comprising:

(a) the lipopolysaccharide as defined in any one

of claims 4-6 and

(b) a pharmaceutilically acceptable carrier.

13. The medicine of claim 7, 8 or 9, which is in a

skin ointment form.
14. A premlx preparation which comprises:

(a) the lipopolysaccharide as defined in any one

of claims 4-6, and
(b) a feed component.
SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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