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INTRODUCTION



INTRODUCTIOR

Flavins as a class of biological pigments have been known since
abeut 1879 (1), However, their importance was not fully recognised until
Ahe work in 1932-33 by Szent-Gyorgyi (2) and Warburg and Christian (3) on
"gytoflav" or the "yellow enzyme®, Following this, the active components
of the flavins were found to be phosphorylated derivatives of riboflavin,
either flavin adenine dimicleotide (FAD) or flavin mononucleotide (FMN).
In 1933 (L) rivoflavin was isolated, crystallized and shown to have
vitanin activity for the rat,

The importance of riboflavin in regard to its redox properties was
then recognised, In addition to these properties, it was found to stimu-~
late growth and to prevent loss of hair (alopecia), inflammation of the
conjunctiva and certain other pathological conditions (5).

It has been shown that the concentration of certain of the enzyme
systems requiring the participation of riboflavin or a derivative are
diminighed in the riboflavin deficient animal, In addition, several
suthors have measured the FAD concentration in tissues of normal and
deficient rats., However, most of the work on the nutritional requirement
of vitamin By has been concerned with growth measurements. It would seem
of interest to see whethsr the tissue levels of the coenzymes FAD and FMN
might not be used as a more critical requirement index and also to com-
pare a requirement for vitamin B; based on these levels with the growth

eriterion,



The purposs of the present study, therefore, was (a) to measure the
soncentrations of riboflavin and its phosphorylated derivatives in tissues
of rats fed synthetic diets with varying riboflavin concentrations and
(b) te compare the dietary vitamin B, requirement based on tissue levels

with that based on growth,
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HISTORICAL

The biochemical studies on riboflavin first began in the enzyme
field, rather than the nutrition field. A role for riboflavin-containing
ensymes as hydrogen carriers was first shown when Warburg and Christian (3)
isoclated their "0ld Yellow Enzyme®™ from yeast. Isolation of the pure
ecoensyme from this ensyme system showed it to be flavim mononucleotide (6).
(This system is not specific since FAD may be substituted for FMN as the
coentyme with, however, less activity.) L-amino acid oxidase is another
entyme which requires specifically FMN and it has been isclated from rat
kidney and liver (7,8). This system catalyszes the oxidation of about
thirteen amino acids and also catalyses dehydrogenation of L-alpha hydroxy
acids having structures related to the amino acide (9). An enzyme which
specifically catalyzses the reaction between reduced TPN and eytochrome ¢
has been isolated by Haas, Horecker and Hogness (10) and called TPN-
eytochrome c-reductase. Its prosthetic group is also flavin mone-
mucleotide,

FAD asts as the coentyme or prosthetie group of several emymes of
biologicli interest. (A) D-amino acid oxidase which catalyzes the oxida-
tion of all the common alpha-D-amine acids except lysine, via imino acids
% alpha-keto acids can use only FAD as its coenzyme (11), The biological
funstion of this entyme is uniknown since although it occurs in most

tissues, its subsirates are the unnatural isomers.



(B) Glycine is deaminated in the presence of glycine oxidase which
oocurs in the liver and kidneys of most mamaalian spscies, however, rat
kidnsy appears to0 contain mone (12). (C) In 1902, Schariinger (13)
discovered an enzyme in milk which catalyzel the oxidatiou of formaldchyde
to formic acid, Morgan, Stewart and Hopkins, twenty years later (1L),
found that certain animal tissues and milk contained a catalytic system
which led to the oxidation of eithar xanthine or hypoxanthine under
serobic or anasrobic conditions which way be the same enzyme as that dis-
covered by Schardinger. Ball in 1939 (15) isolated a flavoprotein from
milk with the property of a coomﬂ for xanthine oxidase, One of the
two prosthetic groﬁps obtained in this preparation ssems to be FAD,
Corran and Green (16) using a different method of preparation reported
the isolation of a flavoprotein from milk which catalysed the oxidation
of aldehydes and which was not identical with xanthine oxidase, Morgan
(17) investigated the distribution of zanthine oxidass in different animal
tissues and found that xanthine oxidase and aldshyde oxidase activity were
invariably present together, Because of these observations, the question
of the possible identity of xanthine oxidase with aldehyde oxldase has
been brought up by many, Dixon and Thurlow (18) and Booth (19) have con-
cluded that xanthine and aldehyde oxidase are the same entyme, Booth (19)
bhas suggested that the ensyme be called xanthine oxidase, even when
speaking of its participation in aldehyde reactions, However, ths ques-
tion of possible identity has not been definitely settled,

The presence in liver of an aldehyde oxidase which may be separated
from liver xanthine oxidase has been reported by Gorden, Green and



Subrabmanyan (20), The prosthetic group for the aldehyde oxidase is
flavin adenins dinucleotide, The fact that the milk flavoprotein
apparently catalyses the oxidation of three different substirates, purines,
aldehydes and dihydro ecoenzyme I while liver aldehyde oxidase catalyzes
only one of these reactions has led these authors to suggest that the
milk enzyme may be & close association of three enzymes which have not
before been resolved, |

(D) The idea that a special enzyme was required for the transport
of electrons between Coenzyme I-reduced (DPN-H,) and the cytochromes was
arrived at independently by Adler (21) and Dewan and Green (22). An
ensyme which could mediate in the oxidation of DPN‘Hgy has been described
variously as "coensyme fastor" by Dewan and Green and "diaphorase® by
Fuler and Hellstrom (23). In the reduction of cytochrome ¢ by reduced
IPK in animal tissues, it is not known whether the reaction is catalyszed
by & single enzyme or the joint action of two systems, The enzsyme which
does catalyte it may be specifically designated as DPN-cytochrome
e-reductase (2L) even though the relation between it and the diaphorases
remaing %o be settled,

(E) Straub (25) has isclated a soluble flavoprotein from heart muscle
which Corran, Green and Straub (26) describe as a soluble "diaphorase®,
(?) Raas (27) has isolated a yellow enzyme from yeast in which ths protein
portion differs from that of Warburg and Christian since FAD is the specific
coenzyme, (G) An ensyme having FAD as the coensyme which catalyzes the

hydrogenation of fumaric acid to succinic acid has been discovered by



Fischer (28), but whether this reaction is the plysiological function of
the ensyme has not been established,

S8ince ridboflavin is part of the coenzyms in the catalyst for the
reastions desoribed above it would be logical to presume that a de-
ficliency of it might lead to a decreased enzyme concentration in animal
tissues. That this {s true has been shown for the xanthine oxidase con-
tent of rat liver (29) and the D-amino acid oxidase content of liver and
Kidney ().

When rats were maintained on a vitamin By deficient diet, Ochoa and
Rossiter (31) found that the FAD content was significantly less in the
liver and heart of those animals than in the same organs of normal rats.
Bessey, Lowry and Love (32) have found that a deficient diet decreased
considerably the tissus concentration of ribvoflavin in all forms, namely:
free, MK and PAD especially in liver, kidney and heart,

The most obvieous effect of a severe riboflavin deficiency is the
failure of animals to grow, The Bourquin-Sherman procedure involving
measurement of rat growth using a standard diet containing different quanti-
ties of rivoflavin has been used successfully as a bioassay method for
the riboflavin oontent of various materials (33). Within certain limits
of growth this died elicits a quantitative response to graded doses of
the vitamin,

In addition, the growth method has also been used as a criterion for
establishing the vitamin dietary requirement,

10 u g riboflavin/day has been suggested as a minimum requirement
by Supplee (3L) for raising young weanling rats to maturity. Using



purified diets, Ellis (35) found that a diet containing 3 ,:g/gram diet
was adequate to support nmormal activity in adult rats and enabled them

%o live a normal life span, However, 10 //g/gram diet appesared te confer
additional benefits on the offspring, and to give increased reproduction,
Mannering (36) has suggested a minimum requirement of 18 ;Lxg per day on a
low fat diet., Mayfield and Hedrich (37) place the daily riboflavin
requirement for maximum efficiency of protein utilization at about 5 ug.
Using the oriterion of maintenance of tissue level concentrations for a
peried of l to 12 weeks, Czaches and Gugzenheim (35) found that on a
synthetdc diet 7.5 Lig/day was sufficient for growth of fifty grem rats,
although optimal growth was not obtaimed with this smount of B,.

It has also been of interest to see how the composition of the diet
influences ths requirement. Cszaches and Guggenheim (38) showed that the
level of fat, protein or carbohydrate in diets isccaloric with the normal
iaflusnced the requirement, On a low protein diet, tissue levels were
»et maintained with 20 ,ig/day and even then secondary deficiency effects
were present, On a high protein diet, the vitamin requirement was
15 u g/da&, the high fat diet required 20 ,/g/day while the low fat diet
maintained tissue levels om only 3.5 .(g/day. According to these authors,
the variance in requirement may be due to either metabolic factors or
differences in the amount of imtestinal synthesis of riboflavin, or both.
The small amount rejuired by the low fat diet could be attributed to
increased intestinal synthesis and the amount required by the high fat
and the high protein diets due to the possibility of B; entrance in
beth protein and fat metabolism,.



Schweigert, et al,, (39) fed various diets consisting cf either high
carbohydrate, high fat or high protein, each with high (60 sup/day) and
low (8 (g/day) intakes of vitaxin B, They state that the fat, carbo-
hydrate, or protein content did not affect the tissus concentrations when
the same level of By was fed, This does mot azrce with results given by
Csaches and Guggenheim for the diets containing € (/g/day, however, the
high B concentration was much higher than any which Czaches and Guggenheinm
fed and might, therefore, give optimal amounts in the tlissues, It should
be noted that the carbohydrate used by Czaches and Guggzenheim was rice
flour, as compared with the use of sucrose by Schweigsrt which might
account for the differences on the low B, diets,.

In addition to the effects shown by various protein, carbohydrate
and fat levels, the type of each used is important., Mammering (LO) has
shown that dextrin, markedly, and cornstarch, moderately, stimulate
bagsterial synthesis of B, in the rat intesiine, probably by providirg a
more favorable medium for bacteria and, in this way, thelr usec in diets
reduges the dietary requirement, Sucrose wlich is absorbed more rapidly
than the other two does mot promote this synthesis,

Riesen, Schweigert and Elvelhjem (L1) showed that on ingesiion of
30 ug/day the total riboflavin level of the liver was a function not omly
of protein intake, but also methionine and cystine content of the dist,
About one third of the increasecd riboflavin content of the liver caused
by greater protein intake could bs accounted for by ingestion of increased
amounts of methionine, but none of the increase could be accounted for

by ingestion of increased cysiine,.



The intake of vitamin C has been shown to control total riboflavin
storage in liver, kidney and adrenals of the guinea pig (L2). However,
since rats are able to synthesise their own vitamin C and guinea pigs
ean mot, this may be of no significance in the rat.

Sure and Pord (43) found an interrelationship between thismine and
riboflavin indicating that the efficiency of riboflavin utilization wvas
decreased in the absence of thiasmine, but that the reverse was not true,

It may be moted then that the requirement of the rat for vitamin
B; varies depending on the diet composition, age of the animals and other
factors.

In view of the importance of the riboflavin containing enzyme systems
i% wvag of interest, first, to measure ths tissuse concentration of the
ridoflavin coensymes and, second, to compare the dietary vitamin require-
ment for their optimal concentrations with the requirement for growth,
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EXPERIMENTAL

Animals and Diets

Male and female albino rats of a strain developed in the Michigan
8tate College Chemistry Department were 28 to 35 days old when selected
for these experiments. The animals which were divided into groups of
eight with each group having an equal number of males and females weighed
between L5 and 50 grams. The average initial and ﬁui group weights are
listed in table II,

Purified diets which differed only in the vitamin B, content were
fed to the aaimals ad libitum for approximately 31 days, The basal diet,
a modification ef the Bourquin-Sherman diet (33) contained the following
eonstitwents by weights ecasein (vitamin free)” 18%, sucross 68%, corn
oil (Masela) 7%, salt mixture (LL) L% and Roughex 3%. A vitamin supple-
ment consisted of the following amounts per 100 grams of diets thiamin
hydrechloride 500 .ig, mieotiniec acid 2,000 (g, pyridoxine kydrochloride
250 ug, P.GA, (folic aeid) 100 Lig, and choline chloride 100 mg. These
were dissolved in 50% ethanol and added to the casein Ly means of a
pipstte, After the casein had dried the other constituentis were added,
The vitamin By content of the diets was varied by addition of the proper
aliquot of & solution of erystalline riboflavin® in LO% ethanol-water
%o the easein as in the case of the other vitamin supplements, The

* Vitemin-free test casein (14.9% W, 0,14 ,g riboflavin per gram)
manufactured by Gemeral Bioshemicals Inc., Chagrin Palls, Ohio,

** Grystalline riboflavin obtained from Eastman Kodsk Company, C.P,
grade,



riboflavin content of the diets is shown in table I, The diets were then
stored in dark bottles in a refrigerator, Vitamins A and D were fed as
three drops of cod liver oil per rat every other day, Distilled water was
supplied for drinking.

A careful record of food consumption was made, Special food cups werse
weighed every two days and food spilled was collected on paper towels and
also weighed. The animals were kept in individual, raised cages and the
room temperature maintained between 75 and 78° P,

Analytical Method for Riboflavia, FMN and FAD

After sacrificing the animals using ether, the tissues wers removed
as quickly as possible and immediately frozen between sheets of solid
carbon dioxide, Until they were used for the analyses, the tissuss were
kept frosen at =10° C.

The method used for analysis was essentially that of Bessey, lLowry
and Love (32). It depends on the fact that when FAD is split to flavin
phesphate or free riboflavin there is an inorease in fluorescence, Also,
N ean be distinguished from free riboflavin on the basis of its distri-
bution coefficient between water and bentyl aloohol,

Since riboflavin solutions are sensitive to light, amber glassware
was used and an Eastman safety lamp with Wrattan Filter OA used for illumi-
pation as much as possitle, All reagents were made up with glass re-
distilled water and redistilled trichloroasetic asid was used throughout,

Ia the cold room, the tissue sample was extracted with a large volume
of ice water, using a Waring Blendor, After the addition of an equal



TABLE I

RIBOFLAVIN CONTENT OF EXPERIMENTAL DIETS

50
100
200
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TABLE II
AVERAQE DIETARY INTAKE AND AVZRAGE WEIGHT GAINS
e

Diet Avwerage Daily Average Daily Average Average Average
Mumber Riboflavin Food Intake Initial Total Daily

Intake* Weight VWeight Weight

Gained Gained
LE Ko E. £ 8
1 0.0 L. L6.6 2.8 0.1
2 1.0 3.9 L4 .5 L.6 0.1
3 2.9 5.8 L6.6 19.8 0.6
L 6.6 6.6 L5.6 29.5 1,0
5 18.6 9.3 L9 .9 77.6 2.5
6 3.0 10.0 L7.k  W1.,5 3.2
7 h2.8 10.7 50.4 121.7 3.9

* Calculated from actual food consumption,
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volume of 20% trichloroacetic acid, the solution was centrifuged and an
aliquet ef the supernatant neutralised with one fourth its wolume of
b M KHPO,, Another aliquot was incubated overnight at 38° C, and then
neutralised, The fluorescence of t{he suspensions wers measured as soon
as possibls after nesutralization, using the Coleman Electronic Photo-
flworometer (Models 12 and 12 B),
The concentration of riboflavim in the aliquot was read from a
~ standard curve prepared by using various conscentrations of riboflavin
dissolved in a water solution containing trichlorcacetis acid and K HPO,
i the same preportions as in the final tissue extract., The pH of this
mixture which is about 6.6 is important since the fluorescence of ribo=-
flavia changes with pH, being at a maximum between pH 5.9 and 7.7 (L5).
The validity of wsing the standard curve was checked by taking read-
ings en a tissue extract aliquot befors and after a knowa amount of
riboflavin had been added, These analyses using the standard curve agreed
within the experimental error with the amount of riboflavin added.

Calculation of Kesults

In a highly concentrated salt solution FAD {calculated as riboflavin)
bas a fluorescence equal to 15% of that of riboflavin, FMN (ealculated
as riboflavin) and free riboflavin have equal fluorescence, If the appar-
ent riboflavin of the initial sample = Ry and the apparent riboflavin in
Ahe hydrolysed ssmple = By, then FAD = Bt = B4 | The totel ribvoflavin
Ry = FAD + non FAD (PMN + fres riboflavin).



[
AV 2%

An attempt was made to determine the free riboflavin by the benzyl
alsohol extraction method (32). This was unsuccessful since the amount
of free riboflavin was too small to be rsad accuratsly with ths photo-
fluorometer used., Therefore, the PN + fres riboflavin was calculated as
the difference betwesen the total rivoflavin and the FAD,

In order to test the validity of using frogsan tissue samples, ribo-
flavin analyses were made on tissues before freezing and after freezing
and storing for a few weeks. There was no appreciable effect on the

tissue concentration either due to freezing or to storing while frozen,
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RESULTS

Growth Rate of Rats

A% the end of the experimental period, the rats on diets 1, 2 and 3
showed typical symptoms of a vitamin B, deficiency. The fur coat was
oily looking and uneven and there was a considerable reddish accumulation
of porphyrin on the paws, nose and whiskers., Two animals on diet 1 died
before the uporﬁont&l period was completed, the remaining animals on
this diet and diet 2 were small and either had gained very litile weight
or had lost weight as shown inm table II, page 13, Animals on diet 3
gained more weight but resembled the above animals in appearance.

Several animals om diet L also showed these symptoms but to a lesser
degree,

The animals on diets 5, 6 and 7 were all large healthy looking animals
with geood fur coats at the end of the feeding period. The gain in weight
of these animals ingreased as the ingested By increased; the largest gain,
3.9 g./day, was on aiet 7 (L3 vg riboflavin eonsumed per day), The
growth rate for males is gemsrally greater than that for females. This
may be equalized eithsr by selecting all of one sex for the expsriment or,
as in the present study, by having an equal number of both sexss, On the
lower diets there was no noticeable growth difference between the sexss,
however, on diets 5, 6 and 7 the growth of the male rats was above that

of the females. 71y average weight gains are shown in figure 1.
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LOG OF THE DOSE

0.4 0.8 /.2 /.6
T l N l v ' \J . T

N
I

Wy

N

WEIGHT GAIN (G./DAY)

\ \ | L | L
/0 20 30 40
VITAMIN 82 INTAKE (UG./DAY)

Figure 1

The relation between growth response and the riboflavin intake.
Weight gain is expressed as the average group gain in grams/day;
riboflavin intake is expressed as (g vitamin B,/day and logarithm
of the dose in micrograms, !

7. = vitamin By intake y g/day - = logaritim of the dose
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The vitamin B, intake which was caloulated from the feod eonsumption
is givem in tabls II. It will be noted that the amount of vitamin By con~
sumed on diet 2 was very small and these rats and those receiving no By

were aAlmost the same as far as growth and appearance were concerned,

FAD, FNN and Free Riboflavin Concentration in Tissues

The FAD and total riboflavin were determined as described before.
8inse the free riboflavin was too small to be accurately measured the
values of FMN + free are equal to the diffarence between the total ribo-
flavin and the FAD, However, it was apparent that the largest part of
the difference between total riboflavin and FAD is FMN,

The results of the tissue analyses ars givem in tables III, IV and V
and shown graphically in figures 2 and 3. The coensyme concentrations
were calculated as riboflavin and all were expressed as ,/g of riboflavin
per gram of wet tissue weight since previous experiments of this type
have shown that ealculations based on either . g/gram of dry weight er
,1g/grem of nitrogen give practically the smme picture as those based on
wet tissue weight, Tissues from diet 2 animals wers mot analysed as the
smount of vitamin By ingested was so low and these animals were much the
same as diet 1 animals,

If one examines the effect of dietary B3 concentration en the FAD and
N + free riboflavin consentrations in each tissue it is noted that the
level of these constituents in brain is nearly indepsndent of dietary B,
eoncentration, There are small differences noted but because of the low
levels of riboflavin and its phosphorylated derivatives the experimental



Diet
Number

TABLE III

AVERAGE FAD CONTENT OF TISSUES

Brain
18/g fresn®

tiuuo

Heart

me/g fresh”

tissue

Kidney

1ug/e fresh*

tissue

19

Liver

g/ fresh”

tissue

1.93 .

2.39

-~ O WV w -

2.16 %
2,25 2
$0.05

20.06
0,06
006

2.08 20.16
2.27 2 0.06

9.k7 2 0.65
10.L3 20.46
12,06 2 0,35
13.96 £ 0,39
13.19 £ 0.57
13,75 2 0.1

12.68 2 0,52
16.22 £ 0.7k
1L.46 2011
15.89 £ 2.2
15,84 21,03
16.94 2 0.99

10.61 2 0.39
12.38 2 0.57
11.71 20.k2
17.14 £1.32
22,07 20.82
19.37 2 0.35

*,a g FAD (calculated as riboflavin)

** The 2 is one standard deviation from a mean of 6, 7
or 8 v;luu (would be expected to include 67% eof ‘a1
values) .,
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TABLE IV

AVERAGE FMN + FRZE RIBOFLAVIN CORTLNT OF TISSUES
A N T S D A W SR T S

!lai-;:r ,u;/ir;xi-:ah’ T g/ngg:lh’ y 5;&:1:{&’ ' ,ug/?;::ah'
tissue tissue tissue tissue
1 1.0 2,54 S .&3 2.23
3 0.94 2,52 7.19 2.99
L 1.08 3.03 1.2 3.77
S 1.24 L.38 14.77 T.L9
6 1,12 3.93 15,20 6.05
7 1.09 3a8 1,74 5.57

* i (calculated as riboflavin) + free riboflavin,
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TABLE V

AVEHAGE TOTAL RIBOFLAVIN CONTENT OF TISSUES

Diet Brain . Heart Kidney Liver

Number Mg{f.ﬁ:'h “g{fl?u:.h g{fut\l;:.h 2 g/:ifr.;:h
1 2,54 20,05 12,00 20,36 1811 20,43 12.84 2O.k6
3 3.0 : o.0L 12,95 20,33 23.l1 20,73 15,37 £ 0.64
b 3.3320,08 15,09 £ 0,50 25,67 £0.99 15.L8 20,52
5 3.63 £ 0,06 18.3k 2011 30.6620.62 24,53 21.99
6 3.20 20,04 1712 2ok6 31052101 2812209
7 3.36 20,02 16,93 o6 3.6821,51 2454 20.36

The - 1s one standard deviation from a mean of 6,

* Total riboflavin (calculated as riboflavin).

7

or 8 values (would be expscted to include 67% of "al2

values),
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Figure 2

The relation between the FAD content of tissues and the dietary
FiD (calculated as rivoflavin) is expressed as
fresh tissue weight (averare) and riboflavin intake

as ((g vitamin Bp/day (average).
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the dietary vitamin B;. Total riboflavin is expressed as 1ig
ribeflavin/g. fresh tissue weight (average) and riboflavin intake

as ({g vitamin B/day (averace).

# = brain, ¥ =leart, = kiiney & = liver



error of dstermination is probably large enough to account for these, In
liver, however, the tissue level of FAD increased with increasing amounts
of dietary B; up to an intake of about 30 ,/g/day, Larger intakes of
vitamin By did not increase the FAD further, in fact, & spall drop in its
tissue level was noted., Approximately the same findings were observed
for PMN + free riboflavim eoncentration ina liver,

In heart the pattern was similar to that of liver where both the FAD
and the FMN + free increased up to an intake of 19 , g/day (diet 5), but
om diets 6 and 7 the FAD remained the same while the FMN free concentra-
tion dropped slightly.

The FAD concentration in kidney increased considerably on a daily
intake of approximately 3 ug (diet 3) dropped slightly on diet L and then
gradually leveled off, The FMN + free riboflavin increased more gradually
with the By intake up to & daily intake of 19 ((g (diet 5) and then larger
amounts did not increase tha FMN 4in the kidneys, -

It is interesting that a deficiency greatly affected the FMN + free
riboflavin concentration in kidney and liver, but not to such an extent
in heart, It may also be noted that that particular coentyme concentra-
tion in kidney and liver tissues of deficient animals was about half of
that in the tissues of animals fed diet 7 (L3 (/g/day).

These results obtained for tissue concentrations of ribvoflavin and
its phospherylated derivatives after feeding rats a diet adequate in
vitamin B, agree essentially with those reported by Bessey, Lowry and
Love (32), but are lewer than those given by Ochoa and Rossiter (31).
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The method of analysis used in this study is the same as that used by the
former authors, Ochoa and Eossiter used an engymatic method of analysis
which may help to ascount for the great differences,

The growth rates obtained were somewhat lower than those which have
been reported for the same distary By intake by Burch, et al, (L6), vut
in agreement with those given by Eigar and Macrae (47), In the present
study intestinal synthesis was kept at a minimum by the use of sucrose as
the dietary carbohydrate, The use of a different diet by Beasey, et al.
which would allow increased synthesis of riboflavin in the intestine may
agcount for the higher growth rate wiich they obtained with the
same dietary intake of vitamin B;.
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DISCUSSICON OF RESULTS

Vitanin B, Intake and Growth Rate

It was shown that when other dietary components are held at constant
concentration increasing the amount of vitamin B, ingested increases the
rate of growth, Part of the differences in growth of rats on diets L and
3 as compared with those on diets 1 and 2 might be explained by the in-
ocreagsed food consumption on the two former diets, This could not bs the
case with the animals on diets S, 6 and 7 since average food consumption
vag almost the same for these three groups,

The inability to grow when animals are fed the vitamin By deficient
diets may be dus either to the inability to properly utilise the food
eaten or simply to a lowered food intake resulting from anoruia.' Rats
receiving a By deficient diet have been an to exhibit a real depression
of food utilization as compared with pair-fed rats supplemented with 20 par:
Bs per day, according to Sure (L8). The differences in food utilisation
result in part from differences in completeness of food oxidation as ribo-
flavin is an essential component of sbout a dozen flavoproteins. This may
explain the differences in growth found on diets 5, 6 and 7, where,
although the rats ate almost the same smount of food, the growth increased
as dietary vitamin B; increased,

It is difficult to set a definite figure for normal growth rate of
rats but a growth approashing 4.0 grams per day 1s considered very good.
Edgar and Macrae obtained growth gains of 4.3 to L.6 grams per day for
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males on a purified ration with 50 8 vitamin By given as an additional
supplement (L7). Hewever, in a group composed of ejual numbers of males
and females, it is thought that 3.9 grams per day, the average group gain
on diet 7, is close %0 the maximum obtainable with this synthetic diet,

FAD and PMN + Free Kiboflavin Concentration in Tissues

Of the four tissues studied, brain tissue was affected least by a
Vitamin B, deficiency, heart somewhat more and kidney and liver were
affected most. If one compares the decrease in coentyme concentration
eaused by a deficiensy of vitamin By (i.e. comparing tissue levels of
animals receiving diet 1 with those receiving diet 7) it will be seen
that in heart the FAD comcentration is lowered relatively more than the
FMN, whereas in liver and kidney the reverse is true, This might suggest
that the amimal body attempts to maintain the concemtration of that particu-
lar riboflavin containing coentyme which is more important to the fumotions
sarried eut by each ergan, or in the case of the heart, that the ability
%o synthesise FAD from FMN, which is am ability of most cells of normal
snimals (L9), is impaired,

The imtake of vitamin By necessary to maintain the tissue levels
varies with the organ and with the particular coentyme; the amount needed
to maintain kidney FAD is relatively small, a larger intake is required
for both FMN and FAD in heart, while kidney FMN and liver FAD and FMN all
require about 30 A& per day.

The tissue coentyme concentrations, especially in the latter groups
exbibit deviations which may be explained in part by the influence of
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body stores at the beginning of the experiment, to seasonal variation
(the experimental period extended from October to April), or to other
unknown variables,

Since the liver is concerned to a great extent with metabolism and
the coenzyme eoncentrations in liver do not reach the optimal range until
the smount of vitamin B, ingested (19-30 rcg/day) is enough to cause
normal growth and "well being" the liver coentyme concentrations might be
used to give an indication of the mutritional status of the animal,

A_Suggested Dietary Requirement
An attempt was made to compare the dietary requirement for vitamin B,

based on (a) that necessary for growth and (b) that necessary for mainte-
nance of coenzyme tissue levels, On this synthstic diet, which was
sslected to eliminate as much intestinal bacterial synthesis of ribo-
flavin as possible maximum growth required an intake of somewhat more than
L3 ug per day., It should be noted that the increased growth was not
attributed to a larger food consumption, but to increased utilisation of
ingested food.

For an optimal tissue level of both FAD and Fi¥N the necessary intake
would seem to be around 30 ig per day (the amount received by animals on
diet 6) which is lower than that necessary for maximum growth, However,
taking inte consideration both criteria it is suggested that an adequate
dietary intake of vitamin B, would be 30 to LO iig per day, or 3 to L (g

per gram of diet,
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SUMMARY

When rats are fed a diet containing no added vitamin B; growth ceases.
Between an intake of 6,6 and L3 Atg By per day the growth response

with respect to the log of the dose is linear,

The FAD and the FiN + free riboflavin concentration in brain is almost
independent of the amount of By in the diet, However, in kidney and
liver coenzyme concentrations were almost doubled as the concentration
of the intake was increased from no added B to 30 J18 Bg per day, In
the heart muscle of deficient animals the FAD 1s decreased relatively
more than the FMN, whereas in kidney and liver tissues the reverse is

true,

The vitamin intake necessary to maintain tissue levels varies with the
organ and the soensyme. In general, an intake of 30 M8 per day 1is
sufficient to maintain optimal concentrations in all tissues,

A dietary rejuirement for growing rats on a synthetic diet of the type
employsd in this study is suggested, For optimal coenzyme tissue
levels the intake siould be around 30 /:g By per day and for maximum
growth the intake should be somewhat higher than L3 & per day, PFor
both optimal tissue levels and growth it would seem that 30 to hO'ug

B, per day or J or i /g per gram of diet would be adequate,
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In the tissuen of the r:¢ the ¥ilsnlu, riVoTlavi:, 3 fouwd i»
the free form exd al3o as flovis ederlae dlnuclaotilda {70D) and *levin
roronusluectida {Fil')e Thmue flovin nuclsotides eot es cosariras in
verisus aroiyee nystornss It haas boaxn showa that the tissue oco:ositrations
of cortuln apeoifis ecuzyne systers, 14844 Leandro adtd oxildudx wnd
wicthize oxidese and of tha cosizyme FiD in parerw) wore diuini-hed
durisy & vitrnin Ba dletery daficiencys

Verious oriteris heowe beon 3ot up to determium the dlialiTy ree
quirenert for vitovin Rn, such us the amcunt nedesssry for mrinteatetce
of totsl ribofluvin ticsue lovela or theot recsasury for nl:imut gsrowth
2-4 life 2pen, There hes 708 bhesn on nttempt to correluts the disiery
recrulimnzert with the optiml eoernymm tissue lavel, It wug thousht to
be of intareat to sao how tha ¥ ond the FAD coroactmtioss {n tizsues
were effesctad by feeli-g waryi-g amnurts of vitordn To, end to assartein
the dletary inteke of vitsmin Bo necerzery for an optirml tiswe co=
eanvyme oorosntrution,

Therefors, the jurmne of tha rresert atudy w3 (a) to r;mwseure
tho eoncartmtions of ribvofluviz wd {ts phoarhoryinted derivetliven Lo
tissues of rats fad sy thetic dlats with vorying riboflcvin oconcantrations
ard () to cornre the dletsry vitqiw Bg re uirsment b ged on tisrue

levols with theat Y1264 o groeth,




The composition of the dies affects the diletary re-uiremsnt for
rivoflavin, A eynthetic diet which w3 & modifiostion of the Bourquine
Jherman essay diet for vitaulin Bp wea chosen to uininize as nuch &3
possidls extransous sources of ridboflsavia, such as thint from irtese
tinel synthesis,

Rets ware fed the sy::thstic dists for approximataiy four waoks,
After sacrifioing the animwlsa, the Brein, kid-sy, liver a:d hesrt tlesues
were quickly frozen erd later srelyzed for F.D axd FL' ¢ free ribdoflavins,
The method of nalysis depends on the feaot thet ir & highly corcentrse
ted sult solution P:D hos & fluorsiconce e:usl to 155 of thet of rive.
flayin ard Fi2! and fres riboflavin have esusl fluoresgernce, It was rot
possidla to datermins acourately the very sz:ll umount of free ridoflavin
rrenert, thus the MM 4 free were culoulated by difference.

Of the tissues aralyzed, breir cocenzymus concentrutions were almost
irdapendent of the dietary vitamin Bae In the heart of deficiert sne
irols the PAD is decreased ralatively mors than the M7, whersus in
kidney erd liver the raverse is trus, An intake of aryroximctely 3 ug
Bo/dey is sufficient 80 meintsin kidrey I'D eoucerntration on the ssue
level as thoss of the enirels rocelvirz the hizhest intnke (43 mg By/
dsy)$ NN ¢ free i3 rot meintsined u:til sn intske of 19 ug Bg/dny is
attained, In liver an intake of arou:d 30 g By/day is recesanry for
optimal concertration of doth coenaymea, while in heart 19/n¢ Bgldcy
is gufficient for both,

Using maximum growth es a oriterisn the re-uirement is differant,
The highest intake grve growth which, it was felt, closely spprouched

the maximun stizinable with this synthetie diet, Tharefore, the dietsry
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fequirenent for maximum growth would be somewhat higher thsx 43 e B2/
Qay. There was sn inersase in growth obtained with each inoresze in
vitamir By inteke over 15.g/day which @ould not be attributed to an

inoreassed food consumption,






