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SOME ABPECTH OF THE MATABOLIGM
OF SULMR DIOXIDE IN ANIMALS AHD MEN

INTRODUCDION

Soon after the entry of the United States inte Vorld
Waxr 11 1t beoame evident that the problem of supplying our
troops with adequate amounts of edible Ffoodstuffs under ad-
verse conditions of temperature and lmidity would necessitute,
particoularly in the case of dehydrated fruits and vegeiables,
that the then existing commercial practices ss to the use of
preservatives in the preparstion of these foodswuffs would
hiave %o be modified. »

ihe preservative oxrdinarily used ;I.n this ocage is suliur
diloxide, applied either as a solution in the blonching process,
or as a a8 in the drying rooms.,

karly experiments conducted by the (nartermester
Department of the United States Army had demonstrated that
these foodstufls could be adeguately protected by i:l;e use of
amounts of sulfar dioxide in the finished products equal Ho
about twice the then preveiling commercisl standards,

s#ince the wuse of artificial preservetives in foodotuflfs
is under styrict legal control as a measure of protection of
the public heelth and since in this case it was essential
that the relative amount of preservetive be greatly increased,

it became necesssxy to determine whether this increase would



have any adverse effect on those persons mnsuning foodstufls
containing it.

A%t the request of the Comnittee on Medieal Researeh of
the Hational lesesreh Uouneil the present study was under-
taken, the purpose being to determine any physiologloal
effects of high levels of sulfur dioxide im foodsturfs,”

*This work was done under & grant fyom the Office of Seientific
Research and Development,



HISTOWICAL

‘he use of suliur dicxide in the preservation of dried
frulte is et least & century old., Imte in the nineteenth
gentury there was a tendengy to increave the amount of this
preservative in dried Iruite vecause of the lmproved appears
ance of frulits so treated. It was slso possible o raise the
regldusl wwber content of the frult without subsequent
spoilage if the sulfur dioxide content was inereased,

ihis tendengy ocame to the attention of public health
authorities in both Burope and asmerica with the result that

of
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the compounds of sulfury dioxide, one in burope, that of Host
and Franz (1) and the other in americs, that of Wiley (2),
These were both puvlished in the [lrst decade of This century.
since that time no publications relating to this sutject have
appeared in the literature. There have been, due to the
widespread use of liquid sulfur dioxdde in refrigeration,
numerous reports as to the effects of yaseous sulfur dioxide
upon animals and mumens, These are not of interest in
connection with this study.

In the studies mentioned above, the source of sulfur dioxide
in the case of Host and Frang was artificially prepared compounds
of sulfur dioxide with sugers or sodium bisulfite, and ln the
aoe of Wiley, sodium bisulfite only. Both groups used mainly

sodivm bisulfite in thelr feeding experiments, The German



- woriters used from Q. sram to 2.5 grame B0, equivalent daily
per experimental subject., Thelr work extended over a period
of ten years, the last two years being devoted to the study
of the effects upon twenty hmen volunteers, Various amounts
of mz were used for verying lengths of time., They also used
forty dogs, all of whom had been roised in the leboratory in
thelir studles.

Thelr conclusions were that there wao & certain definite
individual tolerance to sulfite which varied in avout a onc
%o five ratio depending upon the individuml, and that if the
toxio dose w8 not exceeded, the ingestion of suliur dioxide
hag no permanent deleterious effect upon the snimal organlsm,.

All sulfite, whether injected direectly into the blood
stream or given orally, is repldly oxlddiged to sulfate and
eliminated wholly via the kidneys. In general, they found
that reasonable smounts of sulfur dioxide were not harmful
and showed no lasting effect,

The amerlcan work, under the suspices of the Buresu of
Chemistyy, used fourteen human volunteers, These all
received o uniform diet but were fod varying amounts of
sodium suliite, from 0.138 gram to 1.5 grams dsily as
805, in the foxm of sodium bisulfite solution,

dhese workers found definite toxle symptoma, particularly
appoarent at the hi_her concentrations, These gymptoms

inciuded nausea, headache, vomiting and diarrhoea, In



addition, they found & deoreuse in red cell and white cell
counts of blood, & reduetion in hemoglobin, & disturbance of
phosphorous metabolism, and negative nitrogen balunces
exvending alter the termination of experimental feeding,
dhere wus also indicotion of loss of weight. They concluded
that the use of sulfur dloxdde for ;reservative pur oses was
not conducive te the best interests of the public health,

It may be pointed out here that the amounts of sulfur
dioxide used in the diets of these experiments are all fer
in excess of any quantity thut would normally be encountered,
fhe accepted maxlmmm Quantity of sulfur dioxide in dried
fruite is ome-liith of ome per cent, corresponding to 2000
parss per million,

Inasmuch as 754 or more of this dissppesrs or is oxidiged
during the process of preparation of the food for eating, it
ig rerdlly apparent that the sctual amount ingested is very
gmall compered to the amount fed to the experiental groups
above,

Mrther, the sulfur dioxide in dried fruits snd vegetables
existe in combination with verious mgars, more or less firm
bound (3) and these compounds differ markedly from sodium
bisulfite in their possible physiological effects.

Heasonding from the above discussion, it was decided for
the pur,.oses of the present study to use dehydrated apricois

as the source of sulfur dioxide., In order that the quantity



necessary oould be veduced o & remsonable smount, the

suliur dioxide content wis raised to & high level,



METHODS AND PROCEDUKES

Experimental iubjects

A total of sixteen dogs were used, both male wund femnle,
Ten of these were used for experimentel purposes, the remain.
ing six being used as controls., They were kept in individual
cages. The amount of prepered dog food (Goines Dog Meal)
mixed with whole milk necessary %to maintain the weipght of
each dog was determined before sy experimentel work was
begun, They all were supplied with adequate water for their
needs.

Afver normel values had been determined for all dogs,
the experimental animals were fed the caleulated quantity of
sulflted epricots mixed with their food just prier to feeding.
AT dntervals the following determinations were made on all
dogs: yed and white cell counts, differential counts, blood
sugar, non-protein nitrogen of blood, plasma proteins, and
caleium and phosphorous levels in bLlood,

In addition, ten volunteer male medical students recelved,
during the experimentnl period, individunlly weighed portlons
of suiflted apxloots, the amounts being calouvlated on the basis
shown below under "experimental diet®, Perilodlieally, blood and
urine samples were taken, Ilood was exsmined for red snd white
cell counts, differemtial count, hemoglobin, glucose, non-

protein nitrogen, plasma protein, sexrum caloium and serum
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phosphorous, JUJeterminations were made on urine of volune,

reastion, reduction, slbumin, caleium snd phosphonfus,
Expevimental Diet

From diet liste (4) furnished by the United States Arngy ,
of their "B" ration, which is used under invasion conditions
and conbains the largest proportion of sulfur dioxide-tresied
Toodstufls of any of the various ration lists used, it was
determined that the meximam smount of sulfur dioxide that any
cne man could receive per dey was (.6 milligrem per kilogram
of body weight, This is the sulfur dioxide content of the
dehydrated frult and vegetables before eocking, In the
preparation process, these foodstuifs lose 755 of their
suliur dioxide content, either by oxidetion or velatilization,

In some cases it is possible for a man under combat
conditions %o recelve laxrge amounts of sulfur dioxide Through
e medium of the frult bers supplied as a part of the "G"
and K" rations. These are mode of sulflted frulte, sugar,
and added secesnory food factors, and are not cooked before
being consumed,

In view of the above considerations, it wre decided that
an amnount of sulfur dioxide eguivalent to three times the
maximm amount avallable through a diet consisting exclusively
of the "B" ration before preparation would be higher than it
would be possible for any man to receive under sctusl Tield

gonditions,
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The experimental diets were made up on the basis of daily
intake of 1.8 milligroms 80, per kilogram per day. Por a
seveniy-kilogram man, this omounts to 126,00 milligrams 850,
pex day,. This 18 about the same amount as the minimum
quantity used in the previous studdes, (1), (2)

The dehydrated apricots used contained about 1500 parts
per mlllion of S0, when received at the laboratory., This
would necessitate, 1f the apricots were used as recelived, the
ingestion of about 85,0 grams of dvied apricots by each man
dodly. In order to aveid the lamative and psychologleal ,
effeots of cating such a lavrge guantity of apricots, it vos
decided %o feed a smaller amount contelning & higher
concentration of sulfur dioxide,

After preliminayy experiments, the following method was
adopted for the preparation of the spricots used in the
experimentoal diet:

One kilogram of the dried frult, as received, was washed
with three changes of hot water, Four liters of hot water
and 100.0 grams of glucose were then added and the mixture
allowed to stand over night, This was then honogenized in a
Waring blendex and the resulting thin paste placed in &
large jar, GSulfur dioxide, from & oylinder of the liguified
58, vas then run in through a glass tube reaching %o the
bottom of the jar, the current of gas being regulated so that
practically all of 1t was absorbed. The mixture was agitated
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at frequent intervals and the introduction of gas contimed
until it was Judged that the material was saturated. The jar
was then loosely covered and placed in the icebox over aight.
The following dsy the mixt;m was thoroughly stirred and the
sulfur dioxlide content determined by the method of Frater,
dJohnson and Pool. (3)

The procedure outlined gave a suspension of apricots
\mm&ininﬁ from 12,000 to 15,000 parts per million of suliur
dloxide~-equivelent to 45,000 %o 60,000 p.p.m, on & dry basis,
This suspension was unflt for consumption as such, having a
vilely sstringent taste and & suffocating odor.

in order to make the materisl suffleclently palatebls,
it was diluted with a paste made from spricots by the
following method}

One kilogram of spricots wers treated in the same manner
ag outlined above up %o the point of being alleowed to sbtand
over night %o soften. They were then cooked until tender.
This uﬁ;ally took about one-half hour of gentle bolling., This
fruit was then cooled and homogeniged as before., The sulfur
dloxide content weg ryeduted by this procedure to & negligible
value,

A mixture of the highly sulfited and cooked frults was
then mede up Yo a unlform content of 4000 p.pem, of 8505,

ihis ls the material used for the experimenmtal feeding,
The human volunteers received 1t as suech in the manmer ontlined
above, while the dogs received it mixed with their food.
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Amalytical Methode

Blood gpounts were mesde by standard elinieal methods
wsing hemoey tometers.

Diffeventisl counts were made by thin smear, Wright's
stain vas used,

Hemoglobin wars determined by use of a commercial
Sahli-Haden apparatus, values being reported in groms per
100 milliliters. This was chosen because of the apeed and
' pimplicity of operation. It ie recognigmed that this mey not
be the most acourate method of hemoglobin determination, ut
gince in this study comparstive valuce served the seme
purpese as absolute veluss, it was felt that the method was
edemate foxr the purpose.

Blood sugar wae determined on a gins filtrate prepared
sccording to the methed of Somogyi., (6) The reducing value
of the filtrate was then determined by the Swaffer, Hartmanne
Somogyi (7) copper-iodimetric procedure, |

Blood Hon-protein Nitxogen was determined on & portion
of the zine filtrate by the method of Rinehart, Grondahl,
and Vest, (B)

Fleons Protein weas determined by the biured method of
Kingsley. (9)

Serum Cpleium. The Clark and Collip (10) modification
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of the Kramer and Tisdall method weoe uscd.

Sexum Phosphorgug wos determined by o modification of
the colorimetwic procedure of Youngburg and Youngburg. (11)
The only change made in this sethod was the substitution of
Amidol for stonnous chloride as the reducing agent,

Amidol ryemgent: ©,3 gram 2,4 dianinophenol-
dihydrochloride (Bastman) and 3.0 grems sofium
bisulfite a.H, Dissolve in 100 mi, distilied waterw,

Urine heaction., HHitrasine paper was used,

Urine islbumin. Heller's nitric acid ring best vas used,

Urine Sugar, Benedict's qualitative method was used,

Urine Caleciwm., The procedure used is as follows:

25.0 ml, of urine is placed in a 50 ml. centrifuge tube
with & oonlecal bottom, 2.0 ml, concentrated hydrochloric acid
are added. GCare is taken to see that all material is in
solution, heat being used if necessery. Ammonium hydroxide
is then added drop by drop unitil the mixture is just neutzal
o brom-cresol green (pH approximately 5.0), the mixture
usually having o faint purplish color best observed against
a white bockground. 2.0 ml. of 5% ammonium oxelate are then
wdded, the solution is thoroughly stirred and allowed to
atand for several hours, It is then centrifuged and the
supernatont fluld poured off, being careful not %o distarb
the precipitate, The precipitate is washed twice with
25.0 mls portions of 0,64 ammonia, stirring the precipitate
with the waash ligquid end centrifuging each tine.
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The precipitate is dissolved in 1,0 N sulfuric veid and
heeted in a water bath to about 90° G, The liberated oxalic
acld ls titrated with 0.05 ¥ potassium permanganate.

1.0 mle Q.05 § Kin0, & 1.0 mg. Ca

Urine Phosphorfus. 5.0 ml, of urine are placed in a
25 x 200 mm, test tube; & glass bead and 2,0 ml, of cone-
entmted nltrie acid are added and the nixture heated over
& micro-burner wntil pale smber color develops and all
frothing hes ceased. 2.0 als of concentrated sulfuric acld
are then added by allowing the scid to flow down the side of
the tube. Heat again until fumes of sulifur Wrioxide £ill the
ube and the ligquid is almost coleriess., Allow To ool amd
add three drops of T2% perchloric acid, and boil gently
until colorless, Vhen eold, the dligest is transferred
quanatitatively to a 100 ml, volumetric flask end made up %o
velume with distilled water,

1.0 ml, of the diluted, oxidized urine i placed in a
100 ml, volumetric flask, and approximately 80 ml. of water
are added, 5.0 ml. of a 2,5% solution of smmonium molybdote
in 3,0 ¥ sulfurie sold and 3.0 ml, of Amidol reducing agent
are added, the mizture is shaken, made wp to voluve with
distilled water and allowed te stend twenty mimtes, The
color developed is read in a photo-clectric colerimeter,
and the phosphorous contvent ia calenlated from & comparison
with a stendard solution of potassium dihydrogen phosphate
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containing 0.0 mg. of phosphorgus pexr ml., The standard and
wiziown are prepered simulteneously, using the procedurs
above, except that the Z,5% ammonium molybdete solution is

made up in 5 N sulfuric acid for the standsrd,
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EXPERINENTAL

Barxly in the work some of the men complained that the
sulfited fruit weo laxative in effeot, For this reason it
was decided that near the end of the ezperimental period
some of them would be fed unsulfited spricets to determine
whethexr this eflect was due to the fruit or to sulfur dioxide.
Kotations have been made in the tables as to when this vas
done. Those men who had been fed sulfited fruit throughout
were asked to give & blood sample sbout a month after the
study temminated., The purpose was to determine the validity
of some of the conclusions drawn from this study.

The resecarches of Williams and associntes (12) on the
structure of Vitamin By and the role played by suifite in the
destruction of thiamine led o the belief that some of the
effects atiributed to sulfite ingestion might possibly be
due %o the in vive destruction of thiamine with o conseguent
dlisturbance of the éngme aystens with which this vitamin is
associated. IT was originally intended that this be made &
peparate sbudy, but the decision was mede to muke a few
experiments Bo deternmine whether or not the addition of
thismine to the diet would correct any of the observed
disturbances due to suliur diozide, These are indicated
at the approprdate places in the tadbles,

On the following pages is shown the results of the

expexrimental etudy.



TABLL I

Caleulation of amount of £0g 0 be fed daily

Sub ject
L0

fuman

w1
&l

4k

Sl

&i
7R
2

‘g}%i 14 1
10E DD
nimal
7eb t
s
40 m
80 m
¢l m
0t
€0 m
eb T
bt
150 m
4,.

is &

dJeizht
K

72.8 x 1.8 mg+
a7

T7 8

727

$Oa6

705

76,8

.8

81.8

18.2
10.2
18,9

Te?
£4.6
17.8

Sad
28.7
19.5
15.0

Bid
L

daily

151
159
13

118
127
138
158
147

A
Lo

1845
a%
14
45
al

e2

a1
38
2445

Amount

aprjcots

-+ %F&SQ =

The apricots contained 4000 ppm, of S50g.
guivalent to 4.0 ng. per gram of fruld

55,0
32.8
54 48
32.8
28,8
51,8
5445
55,0
56,5

Bad
4.7
Getd
DD
10,8
7.8

55

10.3
8.0
Ge2

Thie

Y

18



KEY TO TABLES

Red Cell Counts
Jhite Cell Counts
Hemogzlobin
HOn-protein nitrogen
serua caleium

Serum phosphorus

millions/cum.

grams/100 ml,
nzs/100 ml,

¥t

¥
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wxperimental determinations on blood of dogs.
sxperimental group.

Date aEC #BC Hhb Gluge REA Flasma Ca P
Qae Trot, _
» G e B e ~ MTee NZew
2D
Kornal
{3*5’33’3 ?.’ﬁ*& %375 1{3'@ ﬁ:j‘n?x &}11\{5 i)n;ii 12«3 i}c;:?

7=10 7.82 11480 15,0 68,9 41.4 5.9 S40 440
?”QQ ?359 ggfﬁ)ﬁ l&nfi ﬁ}.ﬁﬁ 3)6&1 %lg 10;& r?o”

sxperimentel
10-16 5,75 8250 15.4 58.8 Sled 4.9 B3 3.5

11““15& 6.55 7600 17.% 59.8 ;:}ZSJB 5.8 11.7 .0
18=1% 5.79 8100 17.0 47 29 S0.0 S.7 10,8 4,6

2=12% §.,59 12950 14.0 62.4 S0 L0 Bel 8.2 G4
lormal
G=5 Ted2 8100 16,3 82,4 4% .4 $a8 1 Col
T=25 V60 8750 18.0 4.8 48,2 He5 lu.l 3¢l
wxperimental
10=19 ;3.".‘:*\'\43 BoBS 15.95 52.0 4D B:6 10.4 Ged
13-“"15} 8.58 TGEQ 4.5 68,1 Qa4 13.1 4 o
17~l§j 4,82 8900 13.8 5l.1 60.9 6.1 16,4 5«£
53““2.53 i & c?i} 15}5{-9{} l‘x cg B . & Qz‘»’ sl B 1 1:3 ") O.6
i 40
vormal
$=-21 €80 PB00 1.9 BD.8 w7 el Be2 2.1 Sel
r?”l:; ?.29 ) 3‘?«4‘4& 1«&}0:\’3 42‘.,’:)3%3 3"101 305 l:-ﬂw {4"3
4,4

7=20 7.80 14880 18.2 89,0 4ok we? 2.0

10«18 L.58 BeU0  15.4 G 1 4l.1 Go0 8,9 4.0
11=-16 Sedi r?d‘d G0 208 ﬁbl 13’ ;3’0;3
12-22 6.08 18000 16.¢ 65e 1 5746 9.7 1C.0 4.6

Zml4 hulw 14500 14.7 6540 oba1l Ged de9 B 4.9

“These doze had been receliving yeast extract eince fe8,
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TABLE 11X

Experimental determinations on blood of dogs.
Experimental group

Date REC WBC Hhb Gluc~- ¥PN Plasma Ca P

ose Pgot.
o mE e BE w2 * 0nZ e o mgepw
45D
Hormal
=25 6.78 17150 15.28 99.2 40,8 G543 T4 4.8
7=11 7.09 14450 14.6 86.0 5C.8 9.5 11.9 4,2
F=24 7.03 14150 16,0 96,0 39.1 53 11.9 Db
Experimental
10-19 4,82 18850 14.2 603 36.8 D.6 9.6 4.6
11-16 5.70 16300 16.4 7250 ° 3248 6.2 11.1 4,6
12«22 4,74 13600 13.4 74,8 34,7 5.8 1gel Bl
2=14% 6,08 7350 15,1 78:6 32.9 Bed 193 J.9
#6D
Hormal
B=28 7.75 15150 13.0 108,0 40.7 H.4 BB 4,5
7=-11 Tl 8300 13.4 90,4 D2.6 D8 14,1 4,7
7=24 6.85 14450 13.0 86,0 S984B P 16.4 4,5
Experimental
10-83 65,80 18800 15.2 45,7 37.8 6.7 Sel 4.1
11=-20 6.18 18300 15.0 48,4 35,6 B0 Al ol 4.6
12«21 5.864 15050 16.4 E¥sd 53,9 O:B 12,1 5.4
2=15 6.23 12850 16.8 02,9 38,8 D37 Q.5 4.4
#7D
Hormal
Gl 7eel 7850 15.8 7640 565 Sal 3Lzl 4,4
F=17 8,60 7600 16,8 94,0 4247 B.8 183 4.5
sxperimental
10=~24 6451 2050 18.2 42,7 5048 5.6 10.2 4.8
11-20 7.58 16400 17.8 42,1 41.8 68 10,6 5.0
1”"6 6-19 102{)0 17.0 ‘igq? 47&? bn? 1101 ﬁ-l
2-19 6,58 12450 17.0 47,0 918 5.9 2.2 6.5

* This dog had bean receivingz yeast extract since 2-8
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TABLE IV

Lxperimental determinations on blood of dogs
sxperimental zroup

Date  REC WBC  Hhb Glue-  HEN Plasma Ca P
ose Lrot. i L
o e v ms+% 5:.' ng -}0 Mz
¥ 8D
Hormal
=27 6.50 18000 15.6 49,2 3247 6.4 26 3.7
726 8,59 10550 16.4 76.8 38,95 8.2 11.0 3.8
Bxperimental
1024 7.68 11400 17.3 54,2 5741 643 17.4 4,3
11-21 6.78 8200 17.8& 6546 34 43 6.3 11.4 4,4
1-6 7410 8200 17.2 506 34,5 6.0 156.9 5«6
2«19 798 13880 17.v 55.6 42.2 64O 97 DB
#9D
Normal
7=19 B,.,48 8500 2040 8540 58,9 6.0 10, 4.2
8=-1 8,78 7350 18.4 75.6 3241 546 P 4.2
Experimental
10-25 6.81 7850 18.4 49 7 37«4 546 14.5 S3e7
11-281 6,79 5100 18,8 45,8 26,8 LY 1048 4,8
1-8 6.65 8450 17.%9 48,4 34.1 5«0 9,8 4,9
2-21 6,62 2380 16.9 49 3 3641 5.4 8.7 35
711D
Hormal
6=~30 8 .33 2000 17.2 8l.6 5646 Ba0 13«7 4.3
VEREES 9612 8700 18,0 8l.2 5845 Sab 110 2.8

axperimental

- 10-83  6.40 9050 16.6 51.8 00«5 648 188 4
11~-27 G.92 8800 18.0 55.1 29.8 sam»le lost _
1-8 5415 12000 17.82 55.1 3749 643 12,4 4
2-21% 7.12 15700 17.0 61.9 56¢9 6.1 13,3 4

ol = B o

*
.

* This dog had been receiving yeast extract since 2-8,



TABLE ¥

Lsxperimental determinations on blood of dogs
sxpoerinental zroup

Late nBC wBo tihb ilug-~ en lasms f

Wi 4
one Fret. _
g MZ s nNZ % » BMZee MBele
o 3D
Hormal
3.3"2% v ai.éw:? l‘)f}@ﬁ im:}tfj ‘f&.i") z}-.“).ﬁ ﬁ'm& 12302 f;"‘i’:z
Fwld ?‘at L7830 1643 4.8 it g BeB 12.4 a6
T s G54 16500 17.2 £80.2 SfaB Ced 10,6 4,3

skperimental

D=30  L.19 18950 14.0 sample lost
10«28 D.16 14650 1440 5649 3764 OeU 11.5
L1l=-3 Oedd 10800 14,9 €61l.0 O848 D8 1l.4

e ®
peen

This dog had been suffering from an infeeted wound
sine a:sarlv in September and wae drornped from the
work at this time .
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TADBLE VI

wxperimental determinations on control doszs

Date bIC WBG Hhb Glue-~  HPH v lasne o P

[ L Prot.

o M+ o 0« ,; mE e ML e
yi6D*

H‘“}.g l:‘.;:ﬁ QEQG 1?0@ ;Fltﬁ gi:?a n% Da7 1"’&.% ";«a?
11=-7 0«80 13600 18,0 51,0 S8 11l.2 4,0
1&-12 D.29 11650 1l1l4.4 D6 DG Ol 240 4.9

Db 0«07 16750 15.9 O2.4 =746 G.8 11,86 Ge7
#80D

G Gudo 15200 L6.06 5447 4647 S43 13!@ 4.1
1i=% 7480 7800 1046 04,7 S Ced - P 5.0
18=12 &ed9 8100 17.5 68,2 oed D9 10:2 4.8

8=l G20 82850 17.% Gl.0 w8sl D0 Tel D82

- 6.77 10200 17.0 5548 KT P Do B8 Ded
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*These dozs died from undetermined eauses garly in March

411 of these dogs hed yeast extrasct asdded to their
food from 2.9 on,
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TABLE VII

Determinetions on human bloods.

bate nBe B0

L 1B lormal

Gml6 2228 84580
Sell 4400 6600
Q”lga «Qﬁg caLb

perimental
Li=( Dell
12«21 5.1% 9500
1-84 5.828 7180
Gwl G867 7050

L2l Normal

8«18 U.08 73500
g2ll 5.10 7100
1=3 4,75 G080
=148 5,32 6950

srperimental

10=2¢ 5450 7000
18«5 £.41 8150
L=-28 4.70 G0BO
2«28 6,08 54850

4t Wormal
i D 4.58 TE
18

E e
‘;J"""s'.«ﬂ 4] ped il

%”17

Lxperimental
10=25 8,00 7000
1.=7 9«98 7850

1=4 S«20 11500
1=24  4.80 11150
~~$& S.8628 7750

b

o

1644
15.8
15.8

17.0
16.4
17.3
1%«‘ £

17.8
1.0
1547

15.8
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17.4
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16.1

15,8
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17 .3
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TABLE VII1

Determinations on humen hloods.

bate HEC «BC  Hhb Glue-  UFH Plasna Ca P
ose Jrota
y BEaw B e . B a'p NT e

Lo Normel

Be=24 4,96 7100 10.86 80.6 4049 Oel 11.0 447
10-11" 4.80 D800 1440 CR o3 41.9 640 11.8 SeQ

%“13 ﬁgnl'
Lxperimental

11«1 4,63 5300 16,0 TE48 460 D47 11.7 40
11”30 étg? ﬁiﬁﬁ l&&g Gépﬁ 5&9& 5&5 1 aﬁ ﬁ.ﬁ
l=51 S.14 4800 15.3 T80 40 a4 G.0 D8 4,1
D22 4,81 5400 14.9  70.1 @48 b PR T8 4.9
Se=14 4.97 wb00  1%.2 7149 Shetd Se¥ 10.86 Dell

L6 Normal
Sw3 4 4485 Q@Q@ 1@*2 Vi tg 354 i G.4 16.8 4,0
}.9“11 E}s 1.{} {5{3{?(} lmicmf‘ 61 d\ v a:’?:“ tﬁ.% ’é QE "3 . ﬁ‘ o ag
3«158 5,15 5850 15,8 791 33.2 6.5 10,5 3.3
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11-1 C+80 7350 1l6.4 G085 S8e 0 Se7 10.1 460
iln&@ é.va ?3@@ lﬁcg ﬂ&u% Qé-g ﬁag 11«? &u@
131 Le81 7100 16.2 6041 G440 Coid P49 4.0
~ 2B 4475 8250 19.2 8.0 Sl 5.9 1642 440

L7484 Sormel
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N
sxperimental

10«31 4405 7100 17.0 67 40 S48 Gal 1848 Vel
Ll-28 4.80 8900 15.4 T80 a7ed Ged 1045 4e8
1= PR lP%Ou 16.2 79.1 Ste? D7 Gl 4.2
AL AT 508 7h 10e0 T e'? 3L 0 6.0 1l.1 %ym

wmlr 4498 &zﬂﬁ&g 1&#;3 74 .6 Q’R}ﬁv Oel 10.8 W <8

* This man had given a blood transfusion two days
vefore the sample was taken

a These men had not besn rsceiving S50g since 5=&



TABLu IX

Determinations on human bloods,

Date RBC

{8l Normal

‘BC  Hhd

8«28 5,87 7350 17.0

=12  5.24 800 17.3

~128 5,61 9250 16.0
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TaBLe X

veterminations on human urine.

late Volume heaction Caleium rhosphorous
mle mz. /100 ml, mg./100 ml.

g1 Hormal

B=~31 2000 Aold l.44 71.58
10«8 2130 Aeld 4.5% 5B e B
1~7 8175 agid 8.58 9G.4
1e8 1618 seid 6.82 309
sxperimental
10=27 2500 Aegid S84 87 %
18=235 845 ieid G.02 SLeb
1-27 1830 acid 7453 G4l
5 R 2600 Acid 4,58 29.%
s}"‘lg 339@ uﬁlﬁ éc-’?l :’24:0;?

L& Normsl

Beed 1300 seid 15.80 TQb
1=4 1260 Aedd $ea08 37.2
1= BelU aglid £.28 GbeB
1-6 1316 acid 12.36 58,4

axperimental

10=27 1200 sedd li.g6 4¢.0
lkf“@ 1\;?:} fkﬁiﬂ l{?n 643 48,6
1-26 1830 Acid 24438 3740
a=26 1580 sgld 10,06 S3ed

S«16 1026 aeld 11.71 ST .

L 4H Wormal

9«11 800 Alk

g;‘\
o
s
=
=3
[
»

x

sxperimental

10"‘2%5 . lﬁ?b u.lk ﬁilgg 47 qg
12«6 1150 a1k 8.96 4848
1=2 715 Alk 26418 43.7
1=-24 1180 Alk 14.59 41.8
=7 1050 alk 18.58 5740
w=12 870 Alk 28.82 4244



TAELE X1

Determinations on humen urine,

vate Volume Heaction Caleium Yhosphorous
ml, m%;/lﬁo mle mg./l%ﬁ ml,

i8H Normal

EmBd 1800 acld 18,82 4048
1-4 1500 Aedd 20456 41.7
1-5 1735 Aeld H+58 SHJG
l~8 17?& ‘Lcid 2'11 35.

Lxperimental

10=31 M Agdd 16.88 44 .8
18=7 1045 apid 15.064 4043
2=1 1545 Agid 15,20 oB8.7
S=g 1540 Asgid 12,48 CE oS
S=15s 1086 Aeld 21.48 31.6

g6 Hormal

Dew28 200 Alk 21.72 5.8
1-% 208 Alk 14.64 RASIE
1=8 1515 Alk G895 58,7
sxperimental
10«10 1200 Alk B2.76 47 44
10-27 9860 Alk 20.84 40 .4
1i=-20 1480 Alk 12.76 426
1-31 1130 Alk 20.61 58,7
Be24 1570 Alk 5.02 S6a7
3“15 1@0@ nlk 15085 3&.3

W75 Hormal

P19 1100 Heut 224028 47 .7
l=4 1880 aecid 24,51 w7 e B
1«5 1780 seid 14,70 S4B
1=-¢ 1000 deld 2.86 S8.2

Lxperimental

10«31 1600 Acld BC,500 475
12«23 1490 aeld 20.78 SO0
=7 1480 seid 18.74 SUe9

L4 995 Acid 20404 wPal



determinations on

Late
ml .

L8H Normal

B30 1600
lei 78
l=8 840
1=7 640
sxperimental
f=14 1060
12«5 1200
2w23 205
S=125 715

g98 Hormal

He29 1550
1=8 1770
1=g S80
17 1450

sxperimental

10-2¢ 1150
12-12 1330
e 1305

£10H Normel

B=29 1728
1md 1840
1=5 1510
1=¢ 2100
sxperimental
1028 1600
12«12 1640

Kone of the urinss

Volume

TABLE XII

Reaation

Agld
aApld
Agid
seid

Lﬁid
Heut
Aacid
agid

Neut
Apid
Heut
Alk

Alk
Alk
weut

Heut
deut
dlx

deut

leut
alk

human urine,.

Galeiun

ngz./100 ml.

1476
28447
99 B30
16,79

187
2.1(;
6eDS

3%‘ ivcfw

2276
13,86
14,56

4,80

l6.58
12 L] $¢5.,a‘
12.20

18,72
10.84
4,14
0.86

82000

£ 4
21.84

avs
w3

“hosphorous
mse

/100 ml.

74.8
435.8
40,0
40,0

70.1
éﬁ;%

M
e.'u "1~
fz.:“"ﬁ" ﬂg‘

32:6
50,9
4‘.» q&:

£2.6
S041
S48
S8

~3 3

e s
LA
s g

exemined showed more tham slight
traces of albumin or sugar.



DIBUUSSION

From the foregolng tabulstions of the experlmental
results, 1% 1s possible %o determine the following:

Hed cell counts are wuniformly lowered in the experimentol
dogs, while the control doge do not show & similay lowering,
The human subjects do not have any uniform variction in
exythrooyte counts, This difference can possibly be explained
on the basls that there was not the uniformity of control over
the diet ete. of the human subjects that was obtained in the
oase of the experimental animals,

There is not an eppevent regularity in the veriations of
levcony te counts, hemoglobin, non-protein nitrogen, plasma
proteins, serum calcivm or serum phosphorous in ecither
animals or men,

Blood sagar is lovered t0 a significant extent in the
experimental animals and some of the lumen volunteers, The
control animals show no tendency of this kind. It mey be
mentioned that those men who habitually drink milk do not
show this lowering of blood sugar levels. The reason for
thds is not known,

Those men vho were removed from the oulfite dlet Lefore
the ftexrmination of the experimental period show & marked
increase in blood sugar on the non-sulfite diet, Those men

whwose bleod sugar levels were debvermined approzximately four
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weeks alter the termination of the experimental feeding
likewise show incressed values for blood gluecose, It is
felt that this phenomenon of lowered levels of blood sugar
is direotly velated to the sulfite intake, This effect

- ddsappenrs within one or two days at most after removal of
sulfite from the diet.

Four of the experimental dogs were fed yeast extrnet
during the latter part of the experimenial period, The
guantity fed was caloulated on the basis of the thiamine
sontent of the extract, each dog to receive 2,0 milligrans
of thiamine daily. All of these animals showed morked
increases in blood sugar values, and three of them showed
inercused red cell counts., Apparently, the addition of a
moderute ancunt of thismine to the diet will in a large
measure gounteract the effects of suliur dioxlde~treated
Toodstullis,

the analyses of human urines show that there is an
apparent disturbance of ecaleium and phosphorous metaboliem,
The variationa in calcium are particulsrly marked, The
exact nature of this effeot is not known, but the probatle
explanstion is that the partition of calclum between feces
and wrine is subject %o wide veriation. The tendency of
urine phosphorous to decrease on sulfite diets probably has
o similer explamation, although the work of Wiley (2) cited
previously tended to show that this effect is of a more

yi"@ﬁﬂ&lﬂd Mmﬂ -
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SUIMARY

The experimental resulis confirmed previous work in the
following:

i« There is a reduotion in red cell counts of the
experimental sub jects,

2+ There is & disturbance of phosphorgus metabolism,

Contrary to the findings of previous investigntions,
this study indicated that: ’

i. Albumimria was not sresent,

2, Vhite cell counts did mnot chenge significantly,

5« Ko toxic symptoms developed in the umen subjects,

4« Ko evidence of impaired nitrogen metaboliom was
found.

The following had not previously been reported:

e There iz a distwbance of calcium met:bolism,

@e Llood suger levels sre lowered to & significant
degree under the conditions of this study.

J« The addition of thiamine o the experimentnl diet
counteracts the observed effects to a great degree.
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