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terol depends upon the age of the animal, with 
a consiclerabl_\- greater synthesis in the younger 
rat. 

The authors n.ish to espress their thanks to Barbara 
Gunning and Albert Gong, ior their valuable tech- 
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lfetabolisin and Urinary Excretion of Several Flavonoid Compounds.* 
(19856) 

THOMAS J. HALEY AND MURRAY BASSIN. 
Froat tlir Division o i  Pharrriacology and Toxicology, Atomic: Energy Project, School of Medicine, 

C'nivPrsitT of California at Los . Ingeks .  

There is considerable disagreement among 
investigators regarding metabolism and uri- 
nar!. escretion of flavonoid compounds. Fuku- 
d a (  1 ) claimed that orally administered rutin 
appeared mchanged in the urine of rabbits 
within 20 hours after administration. Garino 
( 2  ) made siniilar claims for the dog. but Field 
and Rekers(3) could not confirm his findings. 
Porter ct  d . ( 4 )  found only traces of rutin 
in the wine oi humans given oral doses of 
60 to 2250 iiig dail!.. Clark and JIacKay( 5 )  
confirniecl t i m e  findings in humans and also 
in the rat. Furthermore. they showed that 
rutin had little effect on urinary total phenol 
and plucuronide escretion in the rat. I t  was 
also pointed out that intestinal destruction 
of orall!- adniinistered flavonoids made it im- 
probable that very much of Ithe administered 
dose could be absorbed and excreted in the 
urine. Kirtle? and Peck( 6 )  reported that 
hesperidin methyl chalcone was not excreted 
in the urine i n  the free form after large oral 
dose.; in iiian. From the above evidence it 
appears thai the oral route of administration 
results in almost complete destruction of the 
flavonoid compounds before absorption can 

* This article is based on work performed under 
contract bet\veen the Atomic Energy Commission 
and the University oi California at Los Angeles. 

take place. However, i t  is possible that if 
the compounds were administered by another 
route, information could be derived concern- 
ing the manner in which the body mletabolizes 
and excretes such compounds. 

Experimental. Male CFW strain rats weigh- 
ing an average of 294 g were caged separately 
in Sorwich type metaboliasm cages. Six 
animals were used for each comlpound. Twen- 
ty-four hour urine samples were collmted daily 
for 2 days prior 'to and  5 days after the sub- 
cutaneous injeotion of 100 mg,.'rat of the fol- 
lowing compounds: rutin, hesperidin, hesperi- 
din methyl chalcone. naringin land phloroace- 
tophenone. Chemical analyses were mlade for 
the following: free rutin by the aluminum 
complex method of Porter, et al. (4 )  , free hes- 
peridin and naringin &by the cyanidin test 
(5)  ; free hesperidin methyl chalcone by  boro- 
citrate reaction( 7) ; free phmenol by O'Leary's 
method(8) ; ethereal sulfate by the method of 
Treon and Crutchfield (9)  : and glucuronide 
by Dische's method( 10). 

Results. The results obtained in the anlyses 
are given in Table I. in which (the excretion 
as  degradation products and conjugates is 
based upon differences between pre- and post- 
injection values. These are average excretion 
figures and represent only the first 24 hours 
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TABLE 1. Urinary Excretion of Flavonoids after Subcutaneous Injection iu Rats. 

-% excreted as: v 
VII- Free Ethereal Glucu- Total % 

comyonlid Chemical name changed phenol sulfate ronide excreted, 

Rutin 

Hesprriclin 

3-rhamnoglycoside of 3,5,i,3’, 15.89 2.5i 10.90 11.15 40.51 

7-rhamnoglycoside of 4’- ND 4.85 11.37 9.82 26.04 
4’-pentahydroxyflavone 

me thoxy,3,5,7,3’,4’- 
pentahydroxyflavone 

Hcsprritlin methyl clialcone 7-rhamnoglycoside of the xJ3 0 3.93 4.29 8.24 
methyl chalcone of 4’- 
methoxy,3,5,7,3’,4‘- 
pentahydroxyflavo6e 

S a  1.i 11 g i 11 3-rliamnoglyconide of 5,7,4‘- S D  2.82 2.87 5.12 10.81 
tri hydroxyflavone 

Phlorowetoyhenone 2,4,6-trihydroxy acetoplienoi~e X 22.91 33.24 22.40 78.55 

* This percentage refers only to the four cornpoileiits nieasured. 
S L - N o n e  detected with tests used. 
S-Vnclianged and free phenol were equivalent wit Ii the chemical metliods used. 

because no further excretion could be detected 
on the following 4 days. Average pre-injec- 
tion control values in mg/ml of urine were: 
free phenol, 0.9; ethereal sulfate, 0.66 and 
glucuronide, 0.55. On the second post-injec- 
tion day the excretion values for sulfate and  
glucuronide were 0.6 mg/ml and 0.3 mg/ml 
of urine respectively, indicating tha t  the 
animals may have reached ,their maximum 
mpacity for conjugation and excretion in the 
first 24 hours. Determinations made on the 
last 3 post-injection days were essentially the 
same as  the pre-injection control values. 
Rutin was the only compound detected in the 
urine by ,the method of Porter, et aL(4). The 
more sensitive cyanidin reaction gave nega- 
tive results with heqxridin and naringin indi- 
cating that these compounds were not ex- 
creted unchanged in the urine. Similar re- 
sults were obtained with the boro-citrate re- 
action and hesperidin methyl chalcone. How- 
ever. i t  is possible that if more sensitive and 
more highly specific reactions were available, 
it might be possible to detect the unchanged 
compounds in Ithe urine. On the other hand, 
the urine from animals given rutin was highly 
colored, whereas that obtained from the 
animals receiving the other compounds was a 
normal straw color. Xone of the injeoted 
compounds could be deteoted when the site 
of injection and the surrounding tissue was 
excised and extracted 24 hours after adminis- 
tration, showing that the -compounds were 

completely absorbed after subcutaneous in- 
jeotion. The  free phenol values for all com- 
pounds probably represent degradation prod- 
ucts of the flavonoids because all unchanged 
compounds are precipitated with and tightly 
bound to the gell&inous precipitate formed in 
the first step of the reaction. This step, which 
i s  used to clarify (tihe urine, eesullts in a clear 
filtrate which contains the free and combined 
phenols. Such co-precipitation was observed 
with urine containing rutin and it was not 
possible #to elute the rutin from the  complex 
precipitate. On the other hand, the free 
phenol values for phloroacetophenonie were 
found to correspond t o  the unchanged com- 
pound and thus it appears that this compound 
is partially degraded by the rat into com- 
pound(s) which could not be detected with 
the phenol methods wed. 

Discussion. The results herein presented 
indicate .that after paren teral administration. 
flavonoid compounds can be excreted in the  
urine in conjugated form land that they and 
or their breakdown products are conjugated 
with sulfate and glucuronide in the sattie 
manner as other phenolic compounds( 1 1 ) .  I t  
appears that  the absence of a glycoside link- 
age as  in phloroacetophenone results in a 
greater excretion a s  a free phenol and a g r a t e r  
conjugation as sulfate and glucuronide. The  
increase in glucuronide excretion would con- 
firm the observation Qf Scarborough( 1 2 )  that  
oral vitamin P ( flaavonoids) increases glucur- 
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onic acid excretion. The detection of free 
rutin in #the urine of rats makes it appear that 
Fukuda’s( 1 )  observations on rabbits and 
Garino’s ( 2 ) observations on dogs are correct 
although the routes of administration were 
different. Our inability to detect hesperidin 
methyl chalcone in tthe urine indicates that 
Kirtley and Peck( 6)  were correct in assum- 
ing that the compound was not excreted in the 
urine in a free state. Furthermore, the small 
amount of the compound detected in conju- 
gated form indicates that the compound is 
either stored or completely destroyd. Our 
results are contrary to those of Clark and 
MacKay(5) but the methods of administra- 
tion of rutin differed. They showed that most 
of the rutin remained unabsorbed in the 
intestine after oral administration, whereas 
we were able .to show complete absorption after 
su,bcut.aneous administration. Such absorp- 
tion leads to either excretion or biological de- 
struction, and our results indicate that the 
latter process is the most important in the 
handling of hesperidin! hesperidin methyl chal- 
cone and naringin and equivalent to excretion 
in the handling of rutin. 

Summary. A study has been made of the 
metabolism ,and urinary excretion of rutin, 
hesperidin. hesperidin methyl chalcone, narin- 
gin and phloroacetophenone. Whereas the 

latter compound is to a large extent excreted 
either free or combined, the flavonoids, with 
the exception of rutin, are probably destroyed 
in the body or converted into other compounds 
which were nut detected by the methods used. 
Rutin is partially destroyed in the body and 
partially handled by the usud phenol excre- 
tion pathways of sulfate and glucuronide. 

1. Fukuda, T., Arch. 1. exp. Path. u. Pharmakol., 

2. Garino, M., z .  f. physiol. Chcm., 1913, v88, 1. 
3. Field, J. B., and Rekers, P. E., Am. J .  Mcd.  Sd., 

4. Porter, W. L., Dickel, D .  F., and Couch, J.  F., 

3 .  Clark, W. G., and MacKay, E. M., J.A.M.A., 

6 Kirtley, W. R., and Peck, F. B., Am. J .  Med.  

7.  Wilson, C .  W., J .  Am.  Chem. Sot., 1939, v61, 

8 .  O’Leary, J., Thesis, University of Rochester, 

9. Treon, J .  F., and Crutchfield, W. E., Jr., A n d .  

10. Dische, Z., J .  Biol. Chem., 1947, v167, 189. 
11. Williams, R. T., Detoxication Mechanisms,. 

John Wiley and Sons, Inc., Xew York, 1949, pp5, 6. 
12. Scarborough, H., Cheat. and Zndrrst., 1940, v59, 

423. 

1932, v164, 685. 

1949, v218, 1. 

Arch. Biochem., 1949, v21, 273. 

1950, v143, 1411. 

Sci., 1948, v216, 64. 

2303. 

June, 1946. 

Chem., 1942, v14, 119. 

Received September 4, 1952. P.S.E.B.M., 1952, v81. 

Chronic Toxicity of Ammonia Fumes by Inhalation.. (19857) 

J. H. WEATHERBY. 
From the Department of Pharmacology, Medical College of Virginia, Richmond, Va. 

The frequent exposure of industrial work- 
ers to ammonia fumes for long periods of 
time appears to have led to the impression 
that if the concentration is not sufficient to 
cause acute damage, then no damage need be 
anticipated. However, the author has been 
unable to find tin the literature any substantiat- 
ing evidence from controlled experimentation. 

that the administration of 50-80 cc of 0.5% 
ammonium hydroxide orally to rabbits either 
daily or on alternate days for periods of sev- 
eral months caused a marked increase in size 
of the suprarenal glands, it would appear de- 
sirable to investigate the potential toxicity of 
ammonia by inhalation. Accordingly, this 
was done. 


