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The metabolism and urinary excretion of substances related to vitamin P and, in particular, of rutin have 
received insufficient study and the results obtained in this field are very contradictory. It has been reported that 
phenols may be excreted in the urine as products of rutin metabolism [6, 7, 8]. Various workers have found 3,4-di- 
hydroxyphenylacetic and homovanillic acids in the urine under these circumstances, and also an increase in the 
concentration of methoxyphenylacetic acid [3, 4, 8, 9]. In general, other workers have observed no appreciable 
changes in the phenol content of the urine after administration of rutin and its derivatives [5]. 

The discrepancy between the results obtained by different workers may be explained by variations in the experi- 
mental conditions, namely differences in the choice of experimental animals, in the mode of administration of rutin 
and the size of the dose, in the times of collection of the urine, methods of analysis, and so on. 

We set out to study the effect of turin preparations on the excretion of phenols in the urine, using one species 
of animal (guinea pigs) and one method of administration (by mouth). 

Most tests used for phenols are not specific for any one substance. In our investigations, besides the reaction 
with diazonium salt which is frequently used for the determination of phenols, we also used the reaction with A1C13 
as used in the determination of flavones. 

E X P E R I M E N T A L  M E T H O D  
Two groups of guinea pigs were used for the experiments, differing in age and in the composition of their vitamin 

P-free diet. The first group consisted of adult guinea pigs with an initial weight of 900-1100 g. The animals received 
an artificially made up diet (casein diet), consisting of starch (68%), casein (18%), yeast (~o), mixed salts (4%) and 
bran (5%) with the addition of 3~ of filter paper. In addition each guinea pig received 30 mg ascorbic acid, 100 i. u. 
vitamin A and 10 i. u. vitamin D daily. 

The second group consisted of young guinea pigs with an initial weight of 310-400 g. The animals received 
Lecocq's diet, consisting of wheat flour (50%), wheat bran (40%), brewers' yeast (2.5%), calcium lactate (5%0), NaC1 
(1.5%o), and sunflower oil (1%). In addition each guinea pig received 25 mg ascorbic acid, 20 mg chlorine chloride, 
and 80 t~ g folic acid daily. Vitamins A and D were given once a week in sunflower oil in a dose of 120 i. u. vitamin 
A and 10 i. u. vitamin D daily. Once a week the animals also received 1 mg vitamin E. 

As a preliminary measure the guinea pigs were accustomed to each diet as the various ingredients of the 
vivarium diet were gradually withdrawn. 

For a few days before the beginning of the experiment the animals were transferred to double-bottomed cages 
and received a diet free from vitamin P ad lib. 

During the experiment the guinea pigs were kept in metabolism cages for collection of their urine. For the 
first 5 hours after the beginning of the experiment the animals of both groups received additional water to the amount 
of 8-10 ml (2 ml each hour) and they were fed once, for which purpose they were transferred for 30 minutes to an 
ordinary cage. The total amount of water obtained by the animal in the 24 hours was not brought to the normal level 
in the first group, but in some animals of the second group it was brought to normal to ensure a more or less equal 
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diuresis, its volume in most experiments  being 22 ml .  The  animals '  urine was co l lec ted  in metabol i sm cages for 
18 hours. The  urine in the receivers  was acidif ied with hydrochloric acid to prevent  oxidat ion of the phenols. 

The  urine was co l lec ted  several  t imes from each animal  at the beginning of  the experiments  before v i tamin  
P loading (control  investigations),  and on the days after administrat ion of  the rutin preparat ion.  During the exper i -  
ment  urine was co l lec ted  from each animal  from 14 to 18 t imes ,  and as a rule not less than 3 est imations were made  
for each dose of rutin.  

Animals  of the first group rece ived  a 5% solution of urutin* (100 mg ca lcu la ted  as rutin) or rutin as a suspen- 
sion in water (50 and 100 mg). The animals of  the second group rece ived  rutin only,  in the same doses as the first 
group. 

Vi tamin  P was given to the animals from a p ipe t  by mouth in 2 doses of  2-3 ml each,  a to ta l  of 4-6 ml ,  at an 

interval  of 1 hour, great  care  being taken over the feeding. 

The volume of urine col lec ted  over a period of  18 hours was measured and its content of phenols and substances 
react ing with A1C13 was determined.  The  total  and free phenols in the urine were de termined by a method based on 
the react ion with p-n i t rophenyld iazonium,  as recommended  by Yu. I. Shi l l ingerand N. V. Orlova [2]. The  measure-  
ment  was made  on a photometer  with an M-a0  (No. 6) l ight  f i l ter .  The  calculat ions were made from cal ibra t ion  cur-  

ves constructed for pure phenol.  From 92 to 96~ of the phenot added to urine was de te rmined  by this method.  

Because rutin also gives a react ion with p-n i t rophenyld iazonium,  a pre l iminary  de terminat ion  was made  of the 
correlat ion between rutin (dissolved in water and alcohol) and phenol.  This showed that  10 mg rutin corresponds to 

1.2 rng free phenol,  

Rutin and the substances react ing with a luminum chlor ide  were de termined by our modi f ica t ion  of  the 

chemica l  method of Porter and co-workers [10]. The  measurements were made  with an SF-4 spectrophotometer  at 
416 rng .  A cal ibra t ion  curve drawn up for rutin was used for the est imations.  From 94 to 112~ of rutin added to 

urine was de termined by this method.  

For the qual i ta t ive  ident i f icat ion of rutin we used the method of radia l  paper chromatography,  which we 

developed ear l ie r  [1]. 

E X P E R I M E N T A L  R E S U L T S  
The volume of urine excreted by the animals of the first group, kept  on a casein die t ,  during the exper imenta l  

period ( t8  hours) varied from 23 to 40 ml .  The results of the es t imat ion of free phenols in the urine of 2 guinea  pigs 

are shown in Fig.  1. I t  will  be c lear  from Fig.  1 that  the content  of phenol ic  substances in the  urine of the animals 
was unchanged after administrat ion of the 5% urutin solution, the free phenols amounting to 1.5-3.0 mg in the course 

of  18 hours* *,  and the difference between the total  and free phenol content  was insignif icant ,  indica t ing  the absence 

of combined phenols in the urine. Substances de tec ted  by Porter 's  method were not found in the urine of the animals 
not rece iv ing  turin preparations.  The react ion with a luminum chloride was also negat ive  after administrat ion of 
urutin. Thus urutin, when added to the casein d ie t  of guinea pigs, caused no change in the free phenol content  of the 

animals '  urine and did not lead  to the appearance of substances in the urine react ing with aluminum chlor ide.  

In contrast  to urutin, the administrat ion of  rutin to the same animals led to a marked increase in the content  of 

free phenols in the urine, which rose with increasing dosages to reach 5.5-9.5 mg for a period of 18 hours; no c o m -  
bined phenols were found in these experiments .  Qua l i t a t ive  investigations of the urine revealed  substances de tec tab le  

by Porter 's  method.  These  were not es t imated quant i ta t ive ly  or separated by chromatography.  

The  volume of urine excre ted  by the animals of the second group, kept  on Lecocq's  d ie t ,  var ied sharply between 

9 and 27 ml  in spite of the  administrat ion o f  a standard volume of water (22 t a lon  the day of  the exper iment) .  No 
regular  pat tern could b e  de tec ted  in the changes in diuresis after administrat ion of turin.  The  results of the d e t e r m i -  

nat ion of phenols in 5 exper imenta l  animals  of this group are shown in Fig.  2. The  free phenol content  of  the urine of 
these animals  when kept  on a d ie t  without addit ion of rutin was 1.2-4.8 mg in 18 hours, i . e . ,  approximate ly  the same 
as that  found in the urine of animals kept  on a casein die t .  After  the addit ion of rutin to Lecocq 's  d ie t  the content  

of phenols in the urine rose appreciably .  For instance,  when 50 mg rutin was given,  from 2.9 to 6.5 mg free phenols 

was found in the urine of  4 guinea pigs in 18 hours of the exper iment ,  and in one guinea pig (No. 4) the free phenol 

"*Urutin is a soluble preparat ion of rutin with urotropin. 
�9 *In pre l iminary  experiments  no obvious changes in the excret ion of phenols in the urine were observed 3-5 hours 

after adminis trat ion of urutin. 
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Pig. 1. Content of free phenols in the urine of guinea 
pigs kept on a casein diet before and after administra- 
tion of turin preparations. The figures denote the 
identification No. of the guinea pigs. 

excretion was 9.5 and 11.5 rag. When 100 mg rutin was 
given the excretion of free phenols varied between 3.3 
and 10.3 mg. The total phenol content was close to the 
free phenol content, indicating the absence of combined 
phenols in the urine in this case too. 

No experiments were conducted with urutin be- 
cause in the first series of experiments this preparation 
had no effect on the excretion of phenols in the urine. 

In our investigations of the urine of animals not 
receiving rutin, we found no substances giving a quali- 
tative reaction with A1Cls, which would indirectly indicate 
the presence of flavones. In contrast to this, after 
administration of rutin (100 mg) to the animals the urine 
turned yellow on the addition of A1Cls, indicating that 
some new substances had appeared. As determined by the 
reaction with A1C1 s, they amounted to between 0.3 and 4.2 
mg in the total volume of  urine, estimated as turin. 

In order to find out to what extent the appearance 
of the new substances in the urine was associated with the 
presence of rutin in the urine, we used the method of 
radial paper chromatography. However, during the chroma- 
tographic separation of the urine collected after adminis- 
tration of rutin to the animals, no mtin was found. This 
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Fig. 2. Content of free phenols in the urine of guinea pigs kept on Lecocq's 
diet before and after administration of rutin. The figures denote the identi- 
fication No. of the guinea pigs. 

could have been due either m the complete absence of rutin from the urine, or to its presence in a concentration out- 
side the limits of sensitivity of the method used (less than 4 ft g rutin in 1 ml urine). Meanwhile the chromatograms of 
the urine from the animals receiving rutin clearly showed the presence o f  certain new substances giving bluish-green 
spots of fluorescence when developed with A1C1 s in ultraviolet light. The object of our future research will be to 
establish the nature of these substances. 

642 



L I T E R A T U R E  C I T E D  
1. K.M.  Tikotskaya, Absgacts of Proceedings of the Second Scientific Session of the Institute of Vitaminology 

MZ SSSR [in Russian], p. 44, Moscow, 1959. 
2. Yu. I. Shillinger and N. V. Orlova, Byull. ~ksper. BioL, 1, 89 (1953). 
3. A .N .  Booth, C. W. Murray, P. De-Eds, et al., Fed. Proe., v. 14, p. 321 (1955). 
4. A .N .  Booth, C. Wo Murray, F, T. Jones, et al., J. biol~ Chen., v. 223, p. 251 (1956). 
5. W.G. Clark, E. M. MacKay, J. A. M. A., v. 143, p. 1411 (1950). 
6. T . J .  Haley and M. Bassin, Proc. Soc. exp. Biol. (N. Y.), v. 81, p. 298 (1952). 
?. K. Lang and H. Weyland, Biochem. Z.,  Bd. 327, S. 109 (1955). 
8. C .W.  Murray, A. N. Booth, F. De-Eds, et al., J. Am. pharm. Ass., scL Ed., v. 43, p. 361 (1954). 
9. P.L.  Petrakis, A. Go Kallianos, So H. Wender, et at., Arch. Biochem., v..85, p. 264 (1959). 

I0. W.L. Porter, D. F. Dickel, and J. P. Couch, Ibid., v. 21, p. 2?3 (1949). 
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