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ABSTRACT 

F i v e  monoesters, 6-2-mycoloyl -~ ,a - t reha lose  (TMM) , 6-2-myco- 
l oy l -P -g lucose  (GlcM) , 6-O-mycoloyl-N-acetyl-~-glucosamine (GlcNAcM) , 
5-O-mycoloyl-~-arabinose TAraM) and 'c-2-mycoloyl-!-galactose (GalM) , 
weFe syn thes i zed  by use o f  m y c o l i c  a c i d  i s o l a t e d  f rom Mycobacterium 
t u b e r c u l o s i s  s t r a i n  Aoyama B. T h e i r  t o x i c i t y  and macrophage a c t i  - 
v a t i n g  a b i l i t y  were examined i n  mice. A s i n g l e  i n t ravenous  admin is-  
t r a t i o n  o f  400 pg o f  TMM i n  9% o i l - i n - w a t e r  emulsion k i l l e d  8 o f  
8 t r e a t e d  mice. The o t h e r  analogs showed l e s s  l e t h a l  t o x i c i t y  t o  
mice a t  t h e  same dose. Tumor i c ida l  a c t i v i t y  o f  mouse p e r i t o n e a l  
macrophages was induced by i n t r a p e r i t o n e a l  i n j e c t i o n  o f  TMM, GlcM, 
and GlcNAcM, r e s p e c t i v e l y .  

INTRODUCTION 

I n  t h e  p rev ious  paper,' we r e p o r t e d  t h e  syn thes i s  and b i o -  

TDM and i t s  l ower  homologs, i n  which C80-myco1ic a c i d  
l o g i c a l  a c t i v i t i e s  o f  trehalose-6,6'-dimycolate (TDM) and i t s  
analogs. 

a r e  rep laced  by va r ious  s h o r t e r  cha in  f a t t y  a c i d s ,  were shown t o  
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128 NUMATA ET A L .  

have potent macrophage act ivat ing a b i l i t y  in mice. 
6,6 ' -di -N-acyl - deri vati ves o f  6,6 ' -diami no-6,6 ' -dideoxy-a ,a- 
t rehalose were s l i g h t l y  more e f fec t ive  than the corresponding 
t rehalose-6,6 ' -diesters  on macrophage act ivat ion.  
hand, 6,6 '  -dideoxy-6 ,6 ' -b i  s-mycoloylami no-a,a-trehalose ( T D N M )  
and TDM were le tha l  t o  mice when injected intravenously as 9% o i l -  
in-water emulsions a t  a dose of 150 pg ,  whereas the other analogs 
showed no le thal  t o x i c i t y  to  mice a t  the same dose. TDNM was less  
toxic  than TDM. 
a b i l i t y  of TDM analogs may not be related t o  t h e i r  t o x i c i t y  t o  
mice. In the present study, we describe le thal  tox ic i ty  and macro- 
phage ac t iva t ing  a b i l i t y  i n  mice of five esters of mycolic acid 
having various sugar residues,  such as  g,g-trehalose,  2-glucose, 
- N-acetyl -g-glucosamine, g-galactose and l-arabinose.  

In addi t ion,  

On the other 

These resu l t s  suggest tha t  the macrophage act ivat ing 

RESULTS AND DISCUSSION 

Synthesis 
The f i v e  monomycolates were synthesized according t o  the 

procedure i n  F i g .  1. Introduction of mycoloyl group in to  the 
sugar moiety was performed by an exchange reaction o f  6 ( o r  5)-0- 
tosy la te  of sugar deri vati ve w i t h  potassi urn mycolate. 

s i  lyl  -a-D-glucofuranose (2) , whi ch was derived from 1,2-0-isopro- 
pylidene-6-~-tosyl-a-~-glucofuranose (1) - by trimethylsi  ly la t ion ,  
w i t h  potassi urn mycolate i n  to1 uene contai n i  ng 18-crown-6 a t  90" C 
gave the corresponding 6-0-mycoloyl - derivat ive (2) i n  80% yie ld .  
On hydrolytic removal o f  the trimethyl si lyl  and isopropyl idene 
groups w i t h  6M-HC1, compound - 2 yielded 6-0-mycoloyl-D-glucose - (A) .  - 
The IR spectrum of 3 showed absorption bands due t o  a mycolic acid 
moiety (3350, 1465, and 720 cm-') and an ester linkage (1720 an-'). 

Ben zyl 2-ace t ami do -3 -0- - ben zy 1 -2 - deoxy -6 -0- t o  sy 1 -%-! -g 1 u co pyra - 
noside3 (4) was converted in to  the 6-0-mycolate - (5) by the same 
procedure as described for  - 2 ,  and reductive removal of the benzyl 

Treatment of 1 ,Z-g-isopropyl idene-6-0-tosyl-3,5-bi - s-g-trimethyl- 
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SYNTHESES OF TREHALOSE MONOMYCOLATE 129 

13 R,"H R2.18 Bn : benzyl 

Myc : mycdoyl 

Rp H R 2 ~ M y c  TMS: trimethybilyl 

1s : p-tduenesulfonyl 

Fig. 1. Syntheses of trehalose monomycolate and related compounds. 

groups i n  5 by hydrogenolysis i n  the presence of 10% Pd-C as catalyst  
gave the desi red 6-~-mycoloyl-~-acetyl -p-gl ucosami ne (a) in 53% 
yield based on 5. 

acetal  (1) , convenient material for  the synthesis of 5-2-mycoloyl- 
D-arabinofuranose (z), was prepared from g-arabinose as follows: 
dimethyl acetalat ion,  complete isopropylidenation of the hydroxyl 
groups a t  C-2 ,  3 ,  4 and 5 posit ions,  select ive hydrolysis of the 
4,5-g-isopropyl idene g roup ,  and select ive tosylat ion of the hydroxyl 
group a t  C-5 position. 
the 1, protecting groups were removed by acid hydrolysis w i t h  6M-HC1 
t o  gi v e  5-0-mycoloyl -D-arabi I nose (2). 

(x) was 1 i kewise prepared from 6-g-tosyl deri vati ve 
on acid hydrolysis of isopropylidene groups w i t h  aqueous t r i f l u o -  
roaceti c acid,  gave the desired 6-~-mycoloyl-~-galactose (12). 

si lylated derivative (14) to  avoid the formation of 3,6-anhydro 

2,3 -2- I so propyl i dene -5 -0- tosy 1 -a 1 dehydo -p-ara bi nose d i  methyl 

- 

After introduction of mycoloyl group i n t o  

1,2 :3,4-Di -0-isopropyl idene-6-g-mycoloyl -a- i -@ lactopyranose 
4 

- 
(10) - , whi ch , 

5 6-g-Tosyl -a,a-trehalose (13) - was converted i n t o  the trimethyl - 
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130 NUMATA ET AL.  

d e r i v a t i v e  i n  the  nex t  reac t ion .  

potassium mycolate (78% y i e l d ) ,  fo l lowed by h y d r o l y t i c  removal o f  
t h e  t r i m e t h y l s i l y l  groups (71% y i e l d )  , a f fo rded  6-~-my~010y l -a ,a -  

t reha lose  (2). 

E s t e r i f i c a t i o n  o f  - 14 w i t h  

T o x i c i t y  i n  Mice 
TABLE 1 shows t h a t  400 p g  o f  TMM was l e t h a l  when i t  was i n j e c t e d  

i n t ravenous ly  i n t o  mice as 9% o i l - i n - w a t e r  emulsions. 

t o  be l ess  t o x i c  than TDM, f o r  150 ug o f  TMM showed no l e t h a l  t o x i -  

c i t y  t o  mice, whereas the  same dose o f  TDM k i l l e d  8 o f  10 t rea ted  

mice. Kato -- e t  a1 .6 repor ted  t h a t  methyl 6 -~-myco loy l -a -~-g1uco-  

pyranoside, which was almost regarded as a h a l f  molecule o f  TDM, 

was s t i l l  l e t h a l  and more t o x i c  than TMM. However, 6 -~ -myco loy l -  
- - D-glucose (GlcM) had no t o x i c i t y  as shown i n  TABLE 1. These f a c t s  
suggest t h a t  g l ycos i  de s t r u c t u r e  i s  one o f  t he  impor tan t  f ac to rs  

f o r  t he  man i fes ta t i on  o f  t o x i c i t y .  

TMM was shown 

E f f e c t  o f  Monomycolates on Per i tonea l  Macrophaqe A c t i v a t i o n  i n  Mice 

by i n t r a p e r i  tonea l  i n j e c t i o n  o f  f i v e  monomycolates was inves t i ga ted  

(TABLE 2 ) .  TMM, GlcM and GlcNAcM were shown t o  induce c y t o l y t i c  
a c t i v i t y  aga ins t  syngenei c tumor c e l l s .  

induced w i t h  e i t h e r  AraM o r  GalM. These r e s u l t s  i n d i c a t e  t h a t  a 

r e s t r i c t e d  s t r u c t u r e  o f  sugar res idue i s  essen t ia l  t o  man i fes ta t i on  
o f  tumori c i d a l  a c t i v i t y  i n  macrophages. The con f igu ra t i on  o f  hydroxy l  
group i n  sugar moiety  seemed t o  be impor tant  f o r  t he  man i fes ta t i on  o f  

a c t i v i t y ,  f o r  glucose can no t  be rep laced w i thou t  loss  o f  a c t i v i t y  by 

g a l a ~ t o s e . ~  In t he  present study, o n l y  D-glucose d e r i v a t i v e s  induced 
tumor i c ida l  a c t i v i t y  i n  macrophages, however, i t  i s  t oo  e a r l y  t o  
suggest t he  r e l a t i o n s h i p  between s t r u c t u r e  and a c t i  v i  ty. 

The tumori c i d a l  a c t i v i t y  o f  mouse pe r i t onea l  macrophages induced 

The same a c t i  v i  t y  was no t  

EXPERIMENTAL 

S Y NTH ES I S 

General Methods 

mic ro  me l t i ng -po in t  apparatus and a re  uncorrected.  
Me l t i ng  po in ts  were determined w i t h  a Yamato 

S p e c i f i c  r o t a -  
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SYNTHESES OF TREHALOSE MONOMYCOLATE 131 

TABLE 1 

T o x i c i t y  o f  TOM and Monomycolates i n  Mice 

Treatment 
Number o f  deathhumber t r e a t e d  

150 Ug/mouse 400 ,,g/mouse 

TDM 

TMM (15) 
GlcM (A) 
GlcNAcM (a) 
AraM (9) 
GalM (2) 
Con t r o  1 

(emulsion a lone)  

8/10 

0/10 

0/10 

1/8 - 

0/10 0/10 

O i l  (g%)- in-water  emulsion o f  TDM and monomycolates o r  emulsions 

a lone (Cont ro l )  were prepared by g r ind ing .  They were i n j e c t e d  

in t ravenous ly  i n t o  C57BL/6 mice i n  volumes o f  0.1 m l  . 

t i o n s  were determined w i t h  a Union PM-101 po la r imeter ,  and I R  spect ra 

were recorded w i t h  a Shimadzu IR-27G spectrophotometer. Preparat ive 
chromatography was performed on s i l i c a  ge l  (Merk Co., 200 mesh) w i t h  
the  so lvent  systems spec i f i ed .  A l l  evaporations were conducted 
i n  vacuo. -- 

6 -0-Myco 1 oy 1 -D-g lucose (3 ) 

s i l a n e  ( 1  mL) were added t o  a s o l u t i o n  o f  - 1 (1.09) i n  p y r i d i n e  
( 6  mL), and the  mix tu re  was kept f o r  50 min a t  room temperature. 

I c e  was then added and the  mix tu re  was ex t rac ted  w i t h  CHC13. The 
e x t r a c t  was success ive ly  washed w i t h  2M-HC1, sa tura ted  NaHC03, and 

water. It was d r i e d  over Na2S04 and evaporated t o  a syrup (homo- 
geneous on TLC) , which was c r y s t a l l i z e d  from hexane, t o  g i ve  pure 
sample o f  2; y i e l d ,  1.209 (80%). 

1,1,1,3,~,3-Hexamethyldisilazane ( 2  mL) and t r ime thy l ch lo ro -  
2 
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132 NUMATA ET A L .  

TABLE 2 

Effect of TDM and Monomycolates on Peritoneal Macrophage i n  Mice 

% Cytolysis b)  T i m i n g  Dose Trea tmen ta 
(days) ( u g )  3LL fb1-3 

Expt .  1 

TDM -7 

TMM (15) -7 

GlcM (3) -7 

AraM (9) -7 

Control ( s a l i n e )  -7 

M V E  -2 -3 
- - - - - - - -_ - - I - - - .- 

E x p t .  2 

TDM -7 

GlcM (15) -7 

GlcNAcM (5) -7 

GalM (12) -7 

Control ( s a l i n e )  -7 

M V E  -2 -3 

50 13.0 f 1.0 c) 

50 12.5 t 1.3') 

c) 50 19.9 * 1.9 

50 0.5 t 1.1 

0.7 * 1.3 

500 18.3 f 1.3 

- 

- - - .- - - __ - - - - 

50 35.3 k 2.3c) 
c) 50 38.1 f 1.9 

50 36.8 f 1.6') 

50 4.9 t 1.1 

1.4 k 0.9 

500 50.6 f 1.7 

- 

c) 33.7 f 3.0 

27.2 k 3.7 c) 

c) 29.1 f 3.1 

9.3 t 2.7 

7.0 * 1.8 

18.7 2 3.6 
- - - . - 

c) 42.6 f 2.6 

42.6 f 2.0') 

37.0 k 1.7 c)  

2.2 2 1.9 

1.0 t 1.4 

49.3 t 1.1 

a )  C57BL/6 mice were injected in t raper i tonea l ly  w i t h  TDM and 
monomycolates i n  sa l ine  a t  7 days before harvest of macrophages. 

b )  Each value i s  the mean t standard e r ror  of 6 we1 1s in each g roup .  
3LL and FBL-3 were used as ta rge t  cells. 

c )  Signif icant  difference from the control group by Student 's  
t - t e s t  (P<0.005). 
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SYNTHESES OF TREHALOSE MONOMYCOLATE 133 

A mixture of potassium mycolate (0.9g), compound 2. (0.4g) and 
18-crown-6 (0.29) in toluene (20 m L )  was s t i r r e d  for  24 h a t  90°C. 
The reaction mixture was evaporated and the residue was extracted 
with CHC13. The ex t rac t  was washed w i t h  water, dried over Na2S04, 
and evaporated to  a syrup, which was chromatographed on s i l i c a  gel .  
Elution w i t h  1 O O : l  CHC13-MeOH gave a white sol id  residue. 
residue was t reated w i t h  6M-HCl (8 m L )  i n  1,4-dioxane (12 m L )  fo r  
1.5 h a t  75°C. Ice was added to  the reaction mixture, and i t  was 
extracted with CHC13. 
Na2S04, and evaporated to  a syrup, which  was chromatographed on 
s i l i c a  gel with ( a )  100:1, ( b )  2O: l  CHC13-MeOH. 
pure product; y ie ld ,  0.149 (18.4%), 
+ 13.1" (5 0.5,  C H C 1 3 ) ;  IR (KBr): 3350, 1720, 1465, and 720 ern-'. 
Anal. Calcd for  C86H16808,5*H20: C,  76.16; H, 12.63. 
76.03; H, 12.63. 

This 

The ex t rac t  was washed w i t h  water, dried over 

Eluant b gave the 
25 m.p. 50-52°C (Et20-MeOH) , [alD 

Found: C, 

6-0-Mycoloyl -N-acetyl -D-glucosami ne ( 6 )  
A mixture of potassium mycolate (0.71g), compound - 4 (0.259) 

and 18-crown-6 (0.159) i n  toluene (15 m L )  was s t i r r e d  for  12 h a t  
100°C. 
with CHC13. The ex t rac t  was washed with 2M-HC1 and water succes- 
s ive ly ,  dried over Na SO and evaporated to  a syrup, which was 
applied t o  a column of s i l i c a  gel .  Elution w i t h  400:l CHC13-MeOH 
gave the mixture of the compound 5 and mycolic ac id ,  which was 
subject t o  the next reaction without fur ther  purif icat ion.  
above syrup was dissolved in a mixture o f  CH2C12 ( 7  m L ) ,  MeOH ( 6  m L )  
and AcOH (1 m L ) ,  and hydrogenolyzed in the presence o f  palladium 
carbon catalyst  for  2 days. After removal of the ca ta lys t  and 
evaporation of the solvent,  the residue was chromatographed on 
s i l i c a  gel w i t h  ( a )  150:1, ( b )  2O:l  CHC13-MeOH. Eluant b gave 
the compound - 6 ;  y i e l d ,  0.339 (53.2% based on - 4 ) ,  m.p.  150-153°C 
(CHCl3-Me0H), + 13.1" ( c  - 0.5,  C H C 1 3 ) ;  IR (KBr): 3350, 1720, 
1640, 1550, 1460, and 720 un-'. Anal. Calcd for  C88H171N08.5* 3H20: 
C,  73.74; H ,  12.44; N ,  0.97. Found: C, 73.98; H ,  12.30; N, 1.05. 

3 = 

The solvent was evaporated off  and the residue was extracted 

2 4  

The 
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134 NUMATA ET A L .  

2,3 -0-1 s opropy 1 i dene -5 -0- tosy  1 -a 1 dehydo -D-a r a  b i  nose dime t h y  1 ace t a  1 
= 

111 
Conc. H2S04 (3  mL) was added t o  a s t i r r e d  suspension o f  

3 0-arabinose ( l o g )  i n  MeOH (150 mL) , and the  m ix tu re  was s t i r r e d  f o r  
17.5 h a t  room temperature. 2,2-Dimethoxypropane (100 mL) and 

conc. H2S04 (12 mL) were added t o  the  r e a c t i o n  mix tu re ,  and the  
r e a c t i o n  m ix tu re  was s t i r r e d  f o r  4.5 h a t  room temperature, and 
then n e u t r a l l i z e d  w i t h  NH40H i n  an ice-water  bath, and concentrated. 
The res idue was ex t rac ted  w i t h  CHC13, washed w i t h  water and d r i e d  

over  Na2S04, and the  so l ven t  was evaporated. 
p u r i f i e d  by column chromatography on s i l i c a  g e l .  E l u t i o n  w i t h  1 O O : l  

CHC13-MeOH gave 2,3:4,5-di -0-isopropylidene-aldehydo-Q-arabinose - 
dimethy l  a c e t a l  as a syrup; y i e l d ,  8.369 (45%), h l f  t 4.5" 

(c 1.6 , CHCI3). 

The d imethy l  ace ta l  (2.299) was t r e a t e d  w i t h  70% aqueous 
a c e t i c  a c i d  (20 mL) f o r  1.2 h a t  40"C, the  m ix tu re  was evaporated, 
and the  res idue was chromatographed on s i l i c a  ge l .  

1 O O : l  CHC13-MeOH gave 2,3-0-isopropylidene-a1dehydo-D-arabinose - 
dimethy l  ace ta l  as a syrup; y i e l d ,  1.709 (87%), [a):' - 13.9" 

(c 1.3, CHCI3). 
p-Toluenesul fony l  c h l o r i d e  (1.39) was added t o  an ice-coo led  

s o l u t i o n  o f  t he  above compound (1.339) i n  p y r i d i n e  (10 mL), and the  
m i x t u r e  was s t i r r e d  f o r  0.5 h i n  an ice-water  bath and f o r  a d d i t i o n a l  

1 h a t  room temperature. 

i ce-water  and the  m ix tu re  was ex t rac ted  w i t h  CHC13. 
was success ive ly  washed w i t h  2M-HC1 , satura ted  NaHC03, and water, 

d r i e d  over Na2S04, and evaporated t o  a syrup which was app l i ed  t o  

a column o f  s i l i c a  g e l .  
y i e l d ,  1.609 (73%), t a l i 3  + 9.7" ( c  0.8, CHC13); I R  ( f i l m ) :  3350, 

1590, 1350, 1170, 860, and 660 
C, 52,30; H, 6.71. Found: C, 52.54; H, 7.00. 

The crude product  was 

E l u t i o n  w i t h  

The excess reagent was decomposed w i t h  

The e x t r a c t  

E l u t i o n  w i t h  200: l  CHC13-MeOH gave - 7; 

Anal. Calcd f o r  C17H2608S: 

5-0-Mycoloyl-D-arabinose (9 )  

and 18-crown-6 (0.209) i n  to luene (20 mL) was s t i r r e d  f o r  3.5 h 

= 
A m ix tu re  o f  potassium mycolate (0.60g), compound (0.409) 
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a t  90°C. 
the syrup obtained was chromatographed on a column of s i l i c a  g e l .  
Elut ion w i t h  2 O O : l  CHC13-MeOH gave - 8; y i e l d ,  0.939 (64.7%).  

( 6  mL) f o r  3 h a t  70" C. Ice  was added t o  the r eac t ion  mixture ,  
and the mixture was ex t r ac t ed  w i t h  CHC13. 
with water ,  d r ied  over Na2S04, and evaporated t o  a syrup,  which 
was chromatographed on s i l i c a  g e l .  Elut ion w i t h  50 : l  CHC13-MeOH 
gave 12 ;  y i e l d ,  0.1259 (23 .3%) ,  m.p. 45°C s inter  62°C (Et20-MeOH), 
( a l z 5 T  1.7" (5 0.3,  CHC13); IR (KBr): 3350, 1715, 1460, and 715 

Found: C, 76.35; H, 12.64. 

After work-up a s  just descr ibed f o r  the prepara t ion  of 2, 

Compound 8 (0.579) was t r e a t e d  w i t h  6M-HC1 ( 4  mL) i n  1,4-dioxane 

The e x t r a c t  was washed 

cm -P . Anal. Calcd f o r  C85H10607.5*$ H20: C ,  76,57; H ,  12.62. 

6-0-Mycoloyl -D-ga l a c t o s e  (12)  
- 4  

the crude product was chromatographed on s i l i c a  g e l .  
CHC13 gave compound 11; y i e l d ,  0.35g (51.0%).  

Compound 11 (0.289) was suspended i n  a mi xture of t r i  f l uo ro -  
a c e t i c  ac id  ( 5  mL) and water (0 .5  mL) , and kept f o r  3.5 h a t  40" C. 
After evaporat ion of the so lven t  , the residue was chromatographed 
on s i l i c a  g e l .  
y i e l d ,  0.109 (37.9%),  m.p. 42-45°C (Et20-MeOH), [alf + 13.1" 
(5 0.5 ,  CHC13); IR (KBr): 3400, 1780, 1725 , 1460, and 720 cm-'. 
Anal. Calcd f o r  C86H16808.5 *)CF3C02H: C, 73.65; H ,  11.94. 
C ,  73.67; H ,  11.79. 

- Compound 10 (0.209) was e s t e r i f i e d  a s  descr ibed f o r  5 and 
Elut ion w i t h  

Elut ion w i t h  50 : l  CHC13-MeOH gave the pure product ;  

Found: 

6 -0-Myco 1 oy 1 -a, a- t reha  1 ose  ( 15 ) 

- 2 and the crude product was pu r i f i ed  by column chromatography on 
s i l i c a  g e l .  
0.259 (77.4%). 

and 18-crown-6 (0.069) i n  to luene  (10 mL) was s t i r r e d  f o r  4 days a t  
90°C. The so lvent  was evaporated o f f ,  and the res idue  was t r i t u r a t e d  
with hexane. The inso lub le  ma te r i a l s  were f i l t e r e d  o f f ,  and the 

5 Compound 13 (0.169) was t r ime thy l s i  l y l a t e d  a s  descr ibed f o r  

Elut ion w i t h  CHC13 gave 2 as  the pure product ;  y i e l d ,  

A mixture of potassium mycolate (0 .30g) ,  compound - 14 (0.189) 
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f i l t r a t e  was evaporated t o  a syrup. 
a mixture of CHC13 ,  Mew, AcOH and H20, and kept for  8 h a t  45°C. 
The solvent was evaporated o f f ,  and the residue was chromatographed 
on s i l i c a  ge l .  Elution w i t h  2O: l  CHC13-MeOH removed by-products, 
and elut ion w i t h  1 O : l  CHC13-MeOH gave 15; y i e l d ,  0.199 (70.5%), 
m.p. 160°C s i n t e r  179°C (Et20-MeOH), 
IR (KBr): 3350, 1720, 1465, and 720 cm-'. 
Cg2H178013,5=CH3C02H: C ,  70.19; H ,  11.40. 
H ,  11.28. 

This syrup was dissolved in 

+ 31.2" (c 0.5,  CHC13), 
Anal. Calcd for  
Found: C,  70.07; 

BIOLOGICAL TEST 

Materials Maleic anhydride divinyl e ther  polymer (MVE-2 ,  M . W .  
15,500) was kindly supplied from Dr. Michael Chirigos, Imnuno- 
pharmacology Section, NCI-FCRF, Frederick MD 21701. 

Animals Seven-week-old female C57BL/6 mice were obtained from 
Shizuoka Agricultural Co-operations for  Experimental Aniamls, 
Hamamatsu, Japan. 

1 Toxicity test  
Brief ly ,  TDM and f i v e  monomycolates were dissolved i n  Drakeol 6-VR 
and emulsified i n  1% Tween 80 i n  sa l ine  by g r i n d i n g  w i t h  a Potter 
homogenizer. The f ina l  concentration of glycolipid was 150 or 
400 ug/O.l  ml and of oi 1 9% ( w / w )  . The emulsions were injected 
i n t o  the t a i l  v e i n  of female C57BL/6 mice i n  0.1 ml volumes, and 
the mice were observed for  30 days. 

The d e t a i l s  were given i n  the previous paper. 

Cu 1 tu re  Medi um Hank's balanced s a l t  solut ion (HBSS) (Nissui 
Seiyaku Co., Ltd . ,  Tokyo, Japan) was supplemented w i t h  100 uni ts  of 
p e n i c i l l i n  per m i l l i l i t e r  and 100 llg of streptomycin per m i l l i l i t e r .  
RPMI 1640 medium (Nissui Seiyaku Co., L td . ,  Tokyo, Japan) was sup- 
plemented w i t h  10% heat-inactivated f e t a l  bovine serum (FBS) ( l o t  
27N4133, GIBCO Laboratories, Grand Island, N . Y . ,  USA), 2 mM 
L-glutamine, - 100 u n i t s  of penic i l l in  per m i l l i l i t e r ,  and 100 ug 
of streptomycin per m i l l i l i e t e r  (RPMI-FBS). 
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Macrophaqes 

as p r e v i o u s l y  described,' and t h e y  were i n j e c t e d  i n t r a p e r i  t o n e a l  l y  
i n t o  C57BL/6 mice a t  a dose o f  50 ,,g p e r  mouse i n  groups o f  4 each. 

Seven days l a t e r ,  mice were k i l l e d  and t h e  p e r i t o n e a l  exudate c e l l s  
were ob ta ined  by washing o u t  p e r i t o n e a l  c a v i t i e s  w i t h  10 m l  o f  HBSS 

c o n t a i n i n g  10 u n i t s  o f  h e p a r i n  p e r  m i l l i l i t e r .  

pooled i n  each group, resuspended i n  RPMI-FBS, and p l a t e d  t o  r e s u l t  

i n  u n i f o r m  d e n s i t i e s  o f  adherent  c e l  Is (macrophages) i n t o  96-we1 1 
m i  c r o  t i ssue c u l t u r e  p l a t e  (Corn ing C e l l  We1 Is 25860, Corni ng , 
New York 14831) acco rd ing  t o  t h e  procedure desc r ibed  p r e v i o u s l y .  8 

The p l a t e s  were i ncuba ted  f o r  2 h a t  37°C and then washed w i t h  
RPMI  -FBS t o  remove nonadherent c e l l  s .  

TDM and f i v e  monomycolates were suspended i n  s a l i n e  

The c e l l s  were 

Assay f o r  C y t o l y t i  c A c t i v i t y  o f  Macrophage FBL-3 leukemia c e l l  s 

(FBL-3) and Lewis l ung  carcinoma (3LL) were ma in ta ined  -- i n  v i t r o  

c u l t u r e .  C y t o l y s i s  o f  t a r g e t  c e l l s  was q u a n t i t a t e d  as p r e v i o u s l y  

c u l t u r e d  w i t h  p e r i t o n e a l  macrophages (2.5 x 10 ) f o r  18-20 h a t  

37°C. 
1 - c o u n t i n g  t o  e s t i m a t e  t a r g e t  c y t o l y s i s  by t h e  formula:  

% C y t o l y s i s  = 

Maximum r e l e a s e  of 51Cr was determined by f r e e z i n g  and thawing o f  
l a b e l e d  t a r g e t  c e l l s  t h r e e  t imes.  The spontaneous r e l e a s e  was 
measured as t h e  r a d i o a c t i v i t y  re leased  from l a b e l e d  c e l l s  i n  t h e  

absence o f  macrophages. 

d e ~ c r i b e d . ~  I n  b r i e f ,  ' l c r - l a b e l e d  tumor c e l l s  (5 x 10 3 ) were 
5 

The r a d i o a c t i v i t y  i n  t h e  c u l t u r e  superna tan t  was determined 

exper imen ta l  r e l e a s e  - spontaneous r e l e a s e  
maximum r e l e a s e  - spontaneous r e l e a s e  
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