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CARBOHYDRATE COMPLEX EXTRACTED FROM MYCOBACTERIUM
TUBERCULOSIS AND PROCESS FOR THE PREPARATION THEREOF

Field of the Invention

The present invention relates to a carbohydrate complex

extracted from Mycobacterium tuberculosis, which has an

anticancer activity, and to a process for the preparation

thereof.

Background of the Invention

~

It is generally known that the anticancer activity orf

Mycobacterium tuberculosis is attributable to active agents
in the cytoplasmic membrane thereof, particularly the

polysaccharide and lipid derivatives.
For instance, Azuma et al. succeeded 1n 1solating N-

acetylmuramyl—L-alanyl—D—isoglutamin(MDP)mﬁﬂxﬂ1iseu1active
component of M. tuberculosis [Azuma, L. et al., J. Bact.,

06, 1885-1887(1968)].
Barnes et al., on the other hand, reported that

lipoarabinomannan promotes the production of cytokin
[Barnes, P. F. et al., J. Immunol., 1483, 541-547(1992)].
Chung et al. 1solated from M. tuberculoslis a substance
having an anticancer activity and used thils substance,
designated as Tubercin-3, in treating terminal-cancer and
leprosy patients as well as laboratory animals suffering
from tumoral symptoms [Chung, T. H., J. Korean Med. Ass.,

17, 427-431(1974); Chung, T. H. et al., Yonsel Med. J., 17,
131-135(1976) ] .

On the other hand, a person infected by M. tuberculosis
bacilli normally exhibits granulomatous inflammation, and 1if
the infected site 1is lung, cavity formatlion progresses
together with an inflammatory reaction, induced by secretlion
of proteins and glycolipids origilnally present in the cell

wall of M. tuberculosis. This suggests that, 1n case high
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molecular-weight polysaccharides or proteins are used 1n
cancer immunotherapies, 1t may be difficult to suppress such

adverse slde effects as undesirable i1mmuno-responses and

uncontrollable inflammatory reactions.

Summary of the Invention

Accordingly, 1t 1s an object of the 1nvention to

provide a carbohydrate complex extracted from Mycobacterium

tuberculoslis which has a high anticancer activity and at the

same time causes essentlally none of the undesirable side-

effects mentioned above.
It 1s another object of the 1invention to provide a

process for the preparation of sald carbohydrate complex.
In accordance with one aspect of this invention, there

is provlided a carbohydrate complex, which 1s a mixture of

polysaccharides extracted from Mycobacterium tuberculosis,
characterized in that: the polysacchrides have the molecular

welght of below 7,000 and are derived from monosaccharides
consisting essentlally of mannose, arabinose, glucose and
galactose, the monosaccharides forming straight-chain and/or
side-chain glycosidic bonds.

In accordance with another aspect of the invention,
there 1s provided a process for the preparation of the
carbohydrate complex, comprising the steps of:

(a) culturing Mycobacterium tuberculosis 1n a medium,
neating the culture diluted with water at a temperature
ranglng from 50 to 150 °C under a pressure ranging from 10

to 30 psi and removing bacterial residues from the heated

culture solution;
(b) adding an inorganic salt to the remaining solution

to form a precipltate and removing the precipitate from the

resulting solution;
(c) dialyzing the remaining solution to obtain a

dialysis product;
(d) adding an alcohol to the dialysis product to obtain

a precipitate, washing the precipitate with an alcohol-ether
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mixture and extracting the washed precipitate with an
organlc solvent; and -

(e) purifying the extract to obtain the carbohydrate
complex.

Brief Description of the Drawings

The above and other objecté and features of the present
invention will become apparent. from the following

10 description of the invention taken in conjunction with the
accompanying drawings, in which:

Fig.l éhows the Bio-LC scan of the hydrolysis product
of Tubercin-5 of the present invention (obtained by using a
pulsed amperometric detector: pad);

15 Fig. 2 reproduces 'H-NMR scans of the arabinonmannan
fractions 1, 2, 3 and 4 which are taken from the hydrolysis
product of Tubercin-5 of the present invention;

Fig. 3 depicts "“C-NMR scans of the arabinonmannan

fractions 1 and 3; and
20 Fig. 4 illustrates the result of FAB-MS analysis of
oligosaccharide alditol derivatives of the arabinomannan

component of Tubercin-5.

Detailed Description of the Invention
25

The carbohydrate complex of the present 1invention,
designated as Tubercin-5, is extracted from M. tuberculosis.
30 Tubercin-5 is a mixture of polysaccharides having straight-
chain and side-chain glycosidic bonds formed between such
essential monosaccharides as mannose, arabinose, glucose and
galactose. The molecular weight of said polysacchrides lles
below 7,000, preferably in the range of 2,500 to 3,500

35 dalton.
Tubercin-5 of the present invention may be prepared as

follows.
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M. tuberculosis 1s, at first, cultured i1n a suitable
medium, and the culture 1s diluted with water. The diluted
culture 1s heated at a temperature range from 50 to 150°C,
preferably from 110 to 130°C under a pressure ranglng from
10 to 30 psi, preferably from 15 to 20 psi. The medium
suitable for the culture may be preferably Sauton’s medium;

and the water for dilution may be employed in an amount
ranging from 10 to 30 folds, preferably, 20-fold volume of

the culture. The heated culture 1s then allowed to remove

bacterial residues therefrom. The removal of the bacterial

residues may be conducted by a conventional method, e.g.,

using a centrifuge and/or a filter.
To the remaining culture solution 1s added an lnorganic

salt to form a protein preclpltate. The 1norganic salt

which may be used 1in the present invention includes ammonium

sulfate, sodium sulfate, sulfosalicylic acid and

phosphotungstic acid, while sulfosalicylic acid and
phosphotungstic acid are preferred. The 1norganic salt may
be employed to a final concentration ranging from 1 to 15
wt%, preferably from 8 to 10 wt%. Thereafter, from the
resulting solution the precipitate therein 1s removed by a
conventional method, e.g., a centrifugation. The remaining
solution 1s then dialyzed against distilled water to remove
the 1norganic salt and to obtain a dialysis product. The

removal process step may be repeated twlce or more.

To the dialysils product 1s added an alcohol to obtain
a preclpltate, and the precipitate 1s washed with an
alcohol-ether mixture. The alcohol which may be employed 1n
the present 1nvention 1ncludes ethanol, propanol and
butanol, while ethanol 1s preferred. The ether may be

preferably diethyl ether. The washed precipitate 1s then

extracted with an organic solvent, e.qg., phenol, diethyl

ether or an alcohol, to remove lipid components therefrom.

The extraction may be conducted in the presence of a buffer

solution, e.g., a mlixed solution of Tris-HCl buffer

solution-EDTA.
Finally, the obtained precipitate 1s subjected to a
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purification step to obtain the carbohydrate complex of the
present 1invention, designated as  Tubercin-5. The
purification may be carried out, e.g., by using an ion-
exchange column chromatography.

Tubercin-5 thus obtained 1s a mlixture of
polysaccharides having an arabinomannan structure
constructed from such monosaccharides as glucose(Glu),
arablnose(Ara), galactose(Gal) and mannose(Man); and is made
clear when 1t 1s subjected successively to per-0-
methylation, hydrolysis, reduction, acetylation and GLC-MS
analysis.

The structure of Tubercin-5 1is further studied by
examining the fragments obtained by the hydrolysis thereof.
Namely, 1t can be shown by means of high performance anion

exchange chromatography (HPAEC) that the hydrolysis product
of Tubercin-5 1s comprised of a number of monosaccharides

and oligosaccharides of various chain lengths.
Four arablnomannan fractions obtained from the above

chromatographic separation of the Tubercin-5 hydrolysis
product are further analyzed by NMR. 'H-NMR results show
the presence of a- or B-furanosyl and a-pyranosyl residues,
while "C-NMR data reveals that Tubercin-5 is possessive of:
(1) a 5-1linkage type a-Araf unit (residue), (2) a (3-25)-
linkage type a-Araf unit substituted with a 5-linkage type
a-Araf residue at the branching position, and (3) a
disaccharide unit, B-Araf-(1-2)-a-Araf, as well as a di-
substituted (3-»5)-linkage type Araf unit.

For further structural analysis, Tubercin-5 is
subjected successively to per-0O-alkylation, partial
hydrolysis and sodium borodeuteride (NaB[ZH]A) reduction, and
an FAB-MS analysis o0of the oligosaccharide alditol
derivatives thus obtained shows the presence of simple
(Man), units as well as (Man) (Ara) (Glu) (Gal),
(Man),(Ara),(Glu)(Gal) and other combinations of Man, Ara,

Glu and Gal.
The above analyses show that the carbohydrate complex

of the present 1invention, Tubercin-5, 1s comprised of
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polysaccharides having linear and branched chalns of
mannose, arabinose, glucose and galactose and having a

molecular weight of 7,000 or less, preferably from 2,500 to
3,500. As noted  above, higher molecular weilght

polysaccharides having the average molecular weight of,
e.g., 12,000 or higher may 1induce undesirable side effects,
e.g., hypersensitivity.

The carbohydrate complex of the present 1invention,
Tubercin-5, is remarkably effective 1n treating varlous
cancer patients, particularly those suffering from lung,
stomach or uterine neck cancer. Tubercin-5 has an LD., value
which 1s several orders of magnitude higher <than the
recommended dosage level. Accordingly, 1t 1s safe and non-
toxic, has therapeutic effects on cancerous sSYmptoms,
increases the survival rate of the patlients and elimlnates

or reduces the cancer tissues, all 1n the absence of any

discernible adverse side effects.
Therefore, Tubercin-5 can be employed alone or 1in

combination with other substances 1n a pharmaceutical

r the treatment of cancers. The

composition fc
pharmaceutical composition of the present 1inventlon may

comprise pharmaceutically acceptable excipients, carriers,

diluents, lubricating agents, wetting agents and flavoring
agents 1in combination wilth Tubercin->5. The 1nventive
pharmaceutical composition may be prepared by employing any
of the conventional methods known 1in the art.

The pharmaceutical composition comprising Tubercin-5

can be administered via a variety of routes including oral,

transdermal, subcutaneous, 1ntravenous and 1ntramuscular
introduction. In case a subcutaneous injection formulation
is used, a typical daily dose of the active ingredient may
range from about 0.001 to 1 pg/kg body weight, preferably
from 0.01 to 0.5 ug/kg body weight. However, the dosage of
the active ingredient may vary depending on various factors
and a proper amount should be determined after evaluating
the method of administration, the symptom as well as the age

and weight of the patient, among others.
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The following Examples are intended to further
lllustrate the present invention without limiting its scope.

Example 1: Preparation of Tubercin-5

M. tuberculosis (H;,R,:ATCC 25618) was inoculated into

a Sauton’s medium [Sauton, B., Internat. cong. Appl.
Chem.,19, 267-269(1912)] placed in a 250 mo flask and

cultured for 4 weeks at 37°cC. 300 g of the culture was
diluted with about 6,000 g of water, and the diluted culture
thus obtained was heated in an autoclave at 120°C under a
pressure of 16 psi.

The heated culture was centrifuged for 30 min. at 3,500
- 4,500 rpm, the supernat-ant was separated and filtered with
a Sellg filter having a pore size of 0.1 um. The solution
thus obtained was filtered again using a Shimblan filter to
remove remaining bacteria residues.

To the filtrate so obtained, sulfosalicylic acid was
added to a concentration of 10 wt$% and centrifuged to remove
yellowish brown precipitates (proteins). The supernatant
was placed 1n a semipermeable membrane bag (Thomas Co. .
U.S.A.) and dialyzed against distilled water for 3 days to
remove sulfosalicylic acid.

The colloidal suspension in the membrane bag was
concentrated, phosphotungstic acid was added thereto to a
concentration of 7 wt$%, and the protein precipitate formed
therein was removed by centrifugation at 3,500 rpm for 20
min. The supernatant so obtained was placed in a
semipermeable membrane bag and dialyzed against distilled
water to remove inorganic salts present therein.

The dialysis solution was then diluted with a five-fold
volume of ethanol and the resulting mixture was left
standing at 4°C for 24 hours to obtain a precipitate. The
precipitate was washed twice with a ethanol-water(1l:3)
mixture, and to the washed precipitate was added a mixed
solution of 20 mM Tris-HCl buffer(pH 8.0)-5 mM EDTA. The
resulting mixture was extracted sequentially with a phenol,

AMERIDIT 0L
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diethyl ether.and ethanol to remove lipids present in the
precipitate. |
" Finally, trace inorganic impuritles were eliminated
from the precipitate using a Bio-Gel P4 column (1.2 x 65 cm;
Bio-Rad Laboratories, USA) to obtain 100 mg of the
carbohydrate complex of the present inventien, designated

Tubercin-5.

Example 2: Structural Analysis of Tubercin-5

To analyze the monosaccharide constituents of Tubercin-
5 prepared in Example 1, Tubercin-5 was dissolved 1n water
to a concentrafion of 500 pg/mf and analyzed using the
method developed by Oxford Glyco Systems of England using
various monosaccharide standard solutions as references.

Tubercin-5 was subjected to a series of conventilonal
reactions, i.e., per-O-methylation, acld-catalyzed
hydrolysis, reduction and acetylation to obtain per-0-
trimethylsilyl(TMS) methylglycoside, and each component was
identified with GLC-MS. Quantitative analysis of each TMS-
methylglycoside was conducted using a flame 1i1onizatlion
detector(FID), and the amounts of the glycosyl residues

present in Tubercin-5 were determined, as shown in Tables 1
and 2.

* Trademark
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Table 1

Glycosyl Residue

2.2

10 4-Manp

* 6-Manp
3.1

2,6-Manp
| t-Galf 0.1
6~-Galf 2.0

15 2-Galt 0.1
5-Glup

Table 2
20
Monosacchar ide
Arabinose
Glucose 3.2
25 Galactose | 2.2

As shown 1n Tables 1 and 2, Tubercin-5, the
carbohydrate complex of the present lnvention, is possessive

30 of an arabinomannan structure, similar to those found in
carbohydrate complexes of other tubercle bacilli. Further
clarified by this study are the facts that the 4-
mannopyranose (4-Manp) residue 1s present in Tubercin-5 and
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that the arabinose and mannose contents are much higher than
the glucose and galactose contents.

Subsequent to the above analysis, 10 mg of Tubercin-5
was hydrolyzed in 6N HCl for 24 hrs. at 70°C, neutralized
with 6 N NaOH and subjected to high performance anion
exchange chromatography (HPAEC) using a CarboPac PAl column
(4x250mm: Dionex) with a CarboPac PA guard column(3 x 25 mm)
on Bio-LC ‘equipped with a pulsed amperometric
detector(Dionef) , which employed a gold-plated electrode
under the following condition:

sample silze = 26 uf

pulse potential of pad, E, = 0.05 V

t1 = 480 ms
Eb = 0.06 V
t2 = 120 ms
E:3 = -80 V
t.3 = 60 ms

detector response time = 1 secC
eluent 1 = 1 M sodium acetate solution
eluent 2 = 200 mM or 375 mM sodium hydroxide solution

eluent 3 = distilled water
eluent gradient programs used:
(1) Program A |
eluent 1: 5% at 0 min., 50% at 45 min.
eluent 2(200 mM NaOH): 50% at 0 to 45 min.
(2) Program‘B
eluent 1l: 5% at 0 min., 15% at 5 min., 25% at
20 min., 35% at 45 min. and 45% at

65 min.
eluent 2(375 mM NaOH): 40% at 0-65 min.
eluent flow rate = 1 mg/min.
The observed peak responses were calibrated using
standard solutions containing known amounts of reference

compounds. |
The Bio-LC scan of the hydrolysis products of Tubercin-
5, as was defined by the pulsed amperometric detector, is

shown in Fig. 1. Tubercin-5 1is, as the scan in Fig. 1

* Trademarks
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suggests, a mlixture of polysaccharides having various
monosaccharide constituents and different chain lengths.
Thlis hydrolysilis mixture was divided into four fractions and

each was analyzed as follows;
Each of the four arabinomannan fractions was dissolved

in 1 mé of 2HZ,O, added 1 uf of acetone as an 1internal
standard and subjected to NMR analyses(Bruker ACE-300). A
1>C-NMR scan showed a peak at &§ 31.4 relative to the acetone
standard, while 'H-NMR exhibited a peak at & 2.04 relative
to the acetone peak. The 'H-NMR scans of arabinomanan
fraction 1, 2, 3, and 4 of Tubercin-5 are reproduced in Fig.
2, which shows the presence of saccharide chaln residues 1n
fractions 1 and 3 (the peaks marked by arrows 1n the scans
for fractions 1 and 3 are identified to be the H-1 signal of
a RB-glycosyl residue). Other protons of each of the
polysaccharides show peaks at § 5.0-4.5 and these correspond

to the a- or B-furanosyl as well as a-pyranosyl residues.

The ">C-NMR scans of fractions 1 and 3 of Tubercin-5 of
the present invention are illustrated in Fig. 3. Based on

the known results for the soluble arabinonmannan component
present in M. tuberculosis [Daffe, M. et al., J. Bilol.
Chem., 265, 6734-6743(1990)], the chemical shift of the non-
reducible terminus of the arabinan chaln can be deduced. It
has thus been found that the terminal t-R-Araf (C-1, 6 101-
102) 1s bonded to the 2-position of a-Araf (C-1, 6 106-108)

and that this disaccharide 1s 1n turn bonded to the 3- and

5-positions of a-Araf residue. The remaining Ara and Man
residues were confirmed to be of the furanoilid nature based
on the chemical shift wvalues (6 107-109). Namely, the

chemical shift values for C-1 of t-B-Araf and 2-linkage type
a-Araf, C-2 of arabinose residue and C-5 of t-[B-Araft
reported in the literature cited above are very close to
those observed 1n this study. In case of the furanosyl

residue, the available data for 2-, 3- and 5-linkage type
Araf residues and those for 5-Galf residue were relied upon

in elucidating the fact that the C-1 peak appearing at 6
108-109 is mostly due to the a-Araf/B-Galf units [Gorin, P.

fifssfysmiRil MEamSE . ' T e b g rAaity: MU T PNl (R & A 1 45 SO A SR TR FILON 4: 1E T s eI M TV I e M e d 1= p Ok B e 1, (G T e e
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A. J. et al., Carbohvdrate Res., 48, 171-186(1976);
Joseleau, J. P. et al., Carbohvdrate Res., 58, 165-

175(1977); Mizutani, K. et al., Carbohydrate Res., 185, 27-
38(1989)]. The close similarity observed in the 13C -.NMR data
5 for the two soluble arabinomannan components of the cell

wall of M. tuberculoslis suggests that these cdmponents have

similar structural features. It was shown that sald

structural features can be expressed as follows:
(a) 5-linkage type a-Araf residue;

10 (b) branched (3-5) linkage type a-Araf unit substituted
with 5-linkage type a-Araf residue at the branching
position; and

(c) disaccharide R-Araf(1-»2)-a-Araf and (3-5) linkage
type a-Araf units.

15 In order to analyze the arabinomannan component 1ln more
detail, a per-O-methylated arabinomannan fraction was
treated with 1M CF,COOH at 75°C for an hour to periorm

partial hydrolysis thereof, and the resulting material was

reduced using NaB[°H], to obtain oligosaccharide alditol

20 derivatives, which were then converted to per-O-alkylated

oligosaccharide alditols to be subjected to FAB-MS analysis.

Fig. 4 shows the result of FAB-MS analysls of the

positive lons of the oligosaccharide alditols derived from

Tubercin-5 and one can see the intense molecular 1on peaks

25 corresponding to [M+Na]® and [M+NH&]+, whereiln the peaks at

408, 612, 932, 1862, 2270 and 2882 are assigned to (Man),,

(Man )., (Mah)S(Ara), (Man),(Ara),, (Man)é(Ara)é(Glu) (Gal) and
(Man),(Ara)y(Glu) (Gal), respectively.

The structures of the above fragments are shown 1n

30 Table 3.
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Molecular
10n
M+Na(m/z)

m

Man-Man-Man-Ara

Man-Man-Man-Ara-Ara
Man-Man-Man-Man-Ara-Ara-Ara-Ara
Man-Man-Man-Ara-Ara-Ara-Ara-Ara-Ara |
Man-Man-Man-Man-Ara-Ara-Ara-Ara-Ara-Ara
-Man-Man-Man-Man-Ara-Ara-Ara-Ara-Ara-Ara

2270
2882

.Man---»Man-Man-Ara-Ara—Ara—(A.ra)L ; Or

Man

Man-Man-Man-Ara-Ara-Ara

Man-—Man-—Man—Ara-Ara-Ara]"Glu'Gal

Man-Man-Man-Ara-Ara-Ara

Man-Man—Man—Ara—Ara—Ara}mGlu~Gal
Man-Man-Man-Ara-Ara-Ara

Man-Man-Man-Ara--Ara—Ara-(Ara)m
Man-Man-Man-Ara—Ara-Ara-(Ara)n
Man-Man-Man—Ara-Ara-Ara--—(Ara)o X
Man-—Man-Man~-Ara-~Ara-~Ara—(Ara)p
wherein 1, m, n, o and p are individually an integral number:;
and X 1s a chain of glucose and galactose residues.
Polysaccharides having a molecular weight greater than
3,500 constitute less than 10% of the total polysaccharides.

lest Example 1: Acute toxicity of Tubercin-5 to rats and

mice

Tubercin-5 prepared in Example 1 was dissolved in
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physiological saline to a concentration of 2 mg/mf, various

amounts of which were administered to 6-week old mice (ICR

mice: 20-25 g) and rats (SD rat: 150 g) by way of intravenous

Or subcutaneous injections to observe the fatality thereof.
The results are shown in Table 4.
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Table 4
Test Injection Sex & Dosage | Fetality LD,
animal Heads (mg/kqg) (mg/Kg)
Mice venous F 6 _ 0/6

20
:
w6 o | o

3 1™

=

7 R
Bl 0/6
i Subcutaneous | F 6 —
0/6 | 50
‘ 0/¢
M 6] o | o
l 0/6 | >s0
50 0/6
3

‘ Rats l venous 0 0/6
20 |
6
M6 "
o 6 >20
M 6 20
Subcutaneous | F 6 0 0/6
25 50 |
50

i

6 0 0/6
25 0/6 | ss0 |

f

=

=

The results 1n Table 4 show that regardless of the test

10 animal used, the LD¢, value of Tubercin-5 1s more than 20,000
Lg/kg in cases of l1ntravenous lnjectlons, whlle 1t 1s above
50,000 ug/kg when administered by subcutaneous 1njections.
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Accordingly, considering that an effective dally dosage of
Tubercin~-5 for a human patient may range from about 0.001 to
1 upg/kg, preferably from 0.01 to 0.5 pg/kg of the body
weight, Tubercin-5 is essentially non-toxic. '

The test animals subjected to the above treatments were
examined over a period of 14 days to measure the welght
changes, and then were sacrificed to examine the liver,
kidney, spleen, stomach, lung and heart tissues thereof.
Also, each of the organ samples was fixed 1n a 10%
formaldehyde solution to prepare a pathology specimen,
which was stained with hematoxylin-eosin and examined with
a microscope. No abnormalities were detected in any of the

specimens examined.

Test Example 2: The effect of the combined use of Tubercin-
5 and cyclophosphamide

56 white male mice each weighing about 22 g (ICR mice:
20 =25 g) were divided into 7 groups, and each mouse was
administered, by a subcutaneous injection in i1ts abdominal
section, 0.2 mf of 10% Ehrlich ascites tumor cell solution
(1.4x10° cells) in accordance with the method of Baillif
[Baillif, R. N., Cancer Research, 15, 554-558(1954)].
Subsequently, each mouse was subjected to one oI the
following treatments:

Control Group: abdominal injection of 0.2 m€ of 0.9%
physiological saline; |

Group 1l: subcutaneous injection of a 1 ug/me Tubercin-5
solution in 0.9% physiological saline;

Group 2: subcutaneous injection of a 2 ug/m€ Tubercin-5
solution in 0.9% physiological saline;

Group 3: 1intraperitoneal 1injection of 0.55 mg
(corresponding to 25 mg per kg of body weight) of
cyclophosphamide dissolved in 0.2 m£ of water;

Group 4: 1intraperitoneal injection of 1.1 ' ng
(corresponding to 50 mg/kg body weight) of cyclophosphamide
dissolved in 0.2 m£ of water;
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Group 5: intraperitoneal injection of 0.55 mg of
cyclophosphamide coupled with subcutaneous injection of 1 ug
of Tubercin-5; and

Group 6: intraperitoneal 1injection of 1.1 mg ot
cyclophosphamide coupled with subcutaneous injectilion of 1 ug

of Tubercin-5.
Each of the above injections treatments was repeated 6

times over a period of 6 days. Fifteen days after the
initial inoculation with cancer cells, each of the mlice so
treated was anesthetized with diethyl ether and killed. The
solid tumor growing in the abdominal section was carefully
isolated from other organ tissues, cleaned using filter
papers and weighed. For each group, the average weight of
the cancerous tissue was tabulated and evaluated by the t-

test, the results of which are shown 1n Table 5.

Table 5
Group® | Average weight of cancer tissue | Relative
(av. wt. * std. dev.) welght
control
2.35 + 0.06 _ 12.
2.25 = 0.05 69.
7.

2.15 = 0.04 66 .
1.51 £ 0.03 46.

0 |4~ |- (W N W

1.10 £ 0.02 33.

*Fach group contained 8 mice

As the data in Table 5 suggest, the administration of
cyclophosphamide or Tubercin-5 alone produced antlcancer
effects of similar magnitude, while the combined use of
cyclophosphamide and Tubercin-5 resulted 1n a marked
decrease in the cancerous growth. This result demonstrates
the usefulness of ' Tubercin-5 1n cancer theraples,

particularly when it is combined wilith one or more of other
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exlisting anticancer agents.

As 1in the above examples, Tubercin-5 of the present

invention is an extraordinarily effective anticancer agent
that 1s safe to use without any adverse side effects. P

While the invention has been described wlith respect to
the above specific embodiments, it should be recognized that

various modifications and alterations which may be apparent

to those skilled in the art to which the invention pertains

may be made and also fall within the scope of the invention

as defined by the claims that follow.
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Claims:

1. A carbohydrate complex, which is a mixture of
polysaccharides extracted from Mycobacterium tuberculosis,
characterized in that each of polysacchrides has a molecular

weight of 7,000 or 1less and comprises one of following
structures:

Man-Man:

Man-Man-Man:

Man-Man-Man-Ara:

Man-Man-Man-Ara-Ara:
Man-Man-Man-Man-Ara-Ara-Ara-Ara;
Man-Man-Man-Ara-Ara-Ara-Ara-Ara-Ara:
Man-Man-Man-Man-Ara-Ara-Ara-Ara-Ara-Ara:
Man-Man-Man-Man-Man-Ara-Ara-Ara-Ara-Ara-Ara;

]-Glu—Gal;

Man-Man-Man-Ara-Ara-Ara-

Man-Man-Man-Ara-Ara-Ara

Man-Man-Man-Ara-Ara-Ara

Man-Man-Man-Ara-Ara-Ara—+-Glu-Gal

Man-Man-Man-Ara-Ara-Ara-
Man-Man-Man-Ara-Ara-Ara—(Ara)s]-X; and
Man-Man-Man-Ara-Ara-Ara-(Ara)
Man-Man-Man-Ara-Ara-Ara-(Ara)
Man-Man-Man-Ara-Ara-Ara-(Ara) —+X
Man—Man—Man-—-Ara—Ara-Ara-~(Ara)p

wherein 1, m, n, o and p are individually an integral number;

and X 1s a chain of glucose and galactose residues.

2. The carbohydrate complex of claim 1, wherein the

molecular weight of the polysaccharides ranges from 2,500 to
3,500.

3. A process for the preparation of the carbohydrate

complex defined in claim 1, comprising the steps of:
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(a) culturing Mvcobacterium tuberculosis in a medium,

heating the culture diluted with water at a temperature
ranging from 50 to 150 °C under a pressure ranging from 10

to 30 psi and removing bacterial residues from the heated

culture solution;

I

T———

(b) adding an i1norganic salt to the remalning solutic
to form a precipitate and remdving'the preclpitate from the
resulting solution;

(c) dialyzing the remainling solution to obtaln a

dialysis product;

(d) adding an alcohol to the dialysis product to obtailn

a precipitate, washing the precipitate with an alcohol-ether

mixture and extracting the washed precipitate with an

organic solvent; and

(e) purrryving the extract to obtain the cearpchyvdrate

ccmplex.

4, The process of claim 3, wherein the 1norcanic salt
C

v1ll1c acid or phosphotungstic acid.

-

(N
-

%4 phermaceutical composition for treating &

cancerous symptom comprising a therapeutically effective

amount of the carbohydrate complex defined 1n claim 1 and a

pharmaceutically acceptable carrier.
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