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Methylcyclopentadienyl manganese tr icarbonyl  (MMT) is an an t i -  
knock addi t ive in unleaded gasoline, and required for  use in a l l  
automobiles equipped with ca ta l y t i c  converters in the exhaust 
system. The ma,ior residue produced by heating th is  compound in 
th is  manner is hausmanite (Mn304; manganous manganic oxide),  a 
natural ly-occurr ing form of manganese (ETHYL CORP. 1974). Mn304 
is emitted from automobile exhausts as a potent ial  contaminant 
of atmospheric, aquatic and t e r res t r i a l  environments of plants and 
animals. Possible magnif ication of manganese residues wi th in  food 
webs could occur due to persistence of manganese in certain animal 
and plant t issues. 

The re la t i ve  non- tox ic i t y  of many manganese compounds to 
mammals has been reported (GALLUP et al .  1951; RICHARDS 1958; 
SKINNER 1932; VON OETTINGEN 1935). Conversely, a few manganese 
compounds have been demonstrated to have very severe effects on 
experimental animals (CHORNOCK et al .  1942; HYSELL et al .  1974). 
Methylcyclopentadienyl manganese tr icarbonyl  produced severe 
histopathological lesions in lungs, l i v e r  and kidneys of rats 
o ra l l y  exposed to th is  compound (HYSELL et al.  1974). 

The purpose of th is  experiment was to observe prel iminary 
c l i n i ca l  and histopathological effects of Mn304 on laboratory rats 
and to determine i f  in-depth tox icological  studies of the compound 
were warranted. 

METHODS AND MATERIALS 

Twenty, 100 day old male Oregon State Univers i ty  Wistar rats 
were divlded" into five. groups i /  of four rats each Rats were fed 
manganous manganic oxlde~ (Mn304) in the feed for  28 days. Group 
I animals received 2 x 105 ppm Mn304, group I I  2 x 104 ppm, group 
I I I  2 x 103 ppm, group IV 2 x 102 ppm and group V served as con- 
t ro l s .  Rats were housed in pairs in 15"x13"x6�89 polycarbonate 
barr ier  cages covered with spec i f ic  pathogen-free f i l t e r s .  Feed 

I_/ Research Organic/Inorganic Chemical Corp., Sun Valley, CA 
91352, 99% Mn304, 50% Mn. 
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and water were available ad libitum. Each rat was weighed twice 
a week. Food consumptio~n-dsigns of clinical abnormalities 
were monitored daily. 

Al l  rats were sacrificed after 28 days on experiment. Sec- 
tions of tissues (lung, heart, spleen, l iver, kidney, brain, 
adrenal gland, intestine, muscle and spinal chord) were fixed in 
10% buffered formalin, processed, embedded in paraffin, sectioned, 
stained with H&E, and examined microscopically for histopathologic 
changes. 

RESULTS 

Rats which received 2 x 105 ppm Mn304 (group I) consumed less 
than one-half as much feed as rats in the other groups (Table 1) 
and steadily lost weight throughout the experiment. 

TABLE 1 

Feed and Mn304 Consumption of Rats Fed Manganous 
Manganic Oxide for 28 Days 

Feed Consumption Mn304 Consumption 
(g/kg/day) (mg/kg/day) 
Week No. Week No. 

1 2 3 4 1 2 3 4 
Group I 
(2 x 105 ppm Mn304) 9 38 44 45 1750 7500 8730 8900 

Group I! 
(2 x 104 ppm Mn304) 33 60 60 54 630 1220 1200 1100 

Group I I I  
(2 x I0 j ppm Mn304) 32 55 61 56 70 110 100 110 

Group I~ 
(2 x'IO Z ppm Mn304 31 58 48 48 4 13 9 9 

Group V 
(Control) 35 59 62 58 . . . .  

Rats on all other exposure regimens gained weight during the 
experimental period, but weight gains decreased as the time of 
exposure increased when compared to controls (Table 2). 

No mortality occurred in control or experimental animals. 
However, after two weeks on 2 x 105 ppm Mn304, rats in group I 
were emaciated, lethargic and hypersensitive to handling. After 
28 days on experiment, these conditions were more pronounced. 

Observations at necropsy for gross pathological changes were 
negative. Organs and viscera appeared normal except that animals 
in group I had reduced fat deposits around the kidney and viscera 
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as compared to rats from the other groups. Histopathology of lung, 
heart, l iver,  spleen, kidney, brain, adrenal gland, intestine, and 
muscle sections did not disclose significant lesions. 

TABLE 2 

Body Weight and Weight Gain of Rats Fed Manganous 
Manganic Oxide (Mn304) in the Feed for 28 Days 

Body Weight We#ght Gain 
(grams) (g/rat/day) 

Week No. Week No. 
1 2 3 4 I-2 2-3 3-4 

Group I 
(2 x 10 b ppm Mn304) 277 240 216 199 -5 .29  -3.43 -2.43 

Group I I  
(2 x 10 ~ ppm Mn304) 293 315 321 324 3.14 0.86 0.43 

Group I I I  
(2 x 103 ppm Mn304) 305 317 328 333 1.71 1.57 0.71 

Group I~ 
(2 x I0 z ppm Mn304) 318 331 339 341 1.86 1.14 0.29 

Group V 
(Control) 290 305 319 339 2.14 2.00 2.86 

DISCUSSION 

Previous studies have demonstrated d i f f icu l ty  inducing man- 
ganism in experimental animals by oral exposure to manganese com- 
pounds (COTZIAS 1958; GALLUP et al. 1951; RICHARDS 1958; SKINNER 
1932; VON OETTINGEN 1935). Results of this study were similar in 
that concentrations of Mn304 in the feed ranging from 200 to 
200,000 ppm were only sl ightly toxic to rats. Histopathologic ob- 
servations of selected organs and tissues indicated no evidence of 
damage by manganese. Clinical signs of manganese toxic i ty  were 
noted by decreased growth rates of all rats exposed to Mn304. 
Growth retardation of several mammalian species following oral 
exposure to large doses of manganese has been reported previously 
(COTZIAS 1958; VON OETTINGEN 1932). I t  is postulated this effect 
is caused by interference of manganese with normal metabolic path- 
ways of calcium, phosphorous and iron (COTZIAS 1958; CHORNOCK 1942). 
One study reported a 30% loss of in i t ia l  body weight of rats after 
four weeks exposure to high levels of manganese in the feed 
(CHORNOCK 1942). Effects of feeding high levels of Mn304 to rats 
in our experimen~ were not as severe. Body weights of animals 
receiving 2 x 10 ~, 2 x 103, and 2 x 104 ppm Mn304 increased during 
the four-week exposure period, but growth rates progressively de- 
creased as compared to controls (Table 2). Rats which received 
2 x 105 ppm Mn304 in the feed (group I) lost weight throughout the 
experiment. This weight loss cannot be attributed entirely to an 
effect of Mn304. These animals consumed less than one-half as 
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much feed as rats on the other experimental regimens, thus magnify- 
ing any growth retardation effect of manganese. Decreased food 
consumption was apparently due to the undesirable f lavor imparted 
to this part icular  experimental diet by the very high manganese 
content. The normally white powdered feed was rendered dark gray 
by the addition of Mn304. Markedly reduced fat  deposits in this 
group of rats was further evidence of starvation. 

I t  is important to note that animals in this experiment con- 
sumed from 4 mg to 8900 mg Mn304/kg body weight dai ly (Table I) 
for approximately a month without suffering mortal i t ies or apparent 
tissue damage. Apparently the reaction which occurs from heating 
methylcyclopentadienyl manganese tr icarbonyl ,  the parent compound 
i n i t i a l l y  added to gasoline, reduces the form of manganese to a 
much less toxic state. The oral LD50_14 to rats of the former 
compound is 58 mg/kg body weight while dai ly oral doses 150 times 
greater of Mn304 were only s l igh t l y  toxic. 

Based on this data, i t  appears that Mn304 is a re la t ive ly  
non-toxic compound when consumed and does not warrant extensive 
investigation as an acutely hazardous environmental contaminant. 
These data cannot, however, be extrapolated to predict effects of 
chronic or al ternat ive routes of exposure or to the action of this 
compound in the presence of additional environmental stresses. 
Further studies should be done to determine the minimum oral dose 
required to produce growth retardation. This experiment indicates 
that th is  dose is less than 9 mg Mn304/kg body weight dai ly.  
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