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INTRODUC TION

A review of the literature on vitamin C (ascorbic
acid) reveals that there is no clear cut opinion con-
cerning its various functions in the economy of the
animal. All investigators in the vitamin C field agree
that vitamin ¢ is directly indicated in the treatment
of scurvy. Concerning its role in resistance to spon-
taneously acquired and induced infections, however,
there 1s widespread disagreement. Simllar dissension
prevalls relative to the use of the vitamln as a de-
toxifying agent. Much of the indecision concernlng
the functional capacity of ascorblc acid is the result
of the use of too few animals to give statistical sig-
nificance to the resulits. Throughout this work, there-
fore, a sufficlent number of animals was used.

Sincs the advent of the sulfonamide drugs in the
chemotherapy of bacterial infections, several studies
have been made on the relationship of ascorbic aclid to
sulfanilamide or its derivatives as a synergiec agent,
as a detoxifier, and as an adjuvant in its own right
a8 a substance which increases the bodily resistance...
(7) (9) (10) (28) (32) (33) (34) (42) (44) (56). 1In
most of these studiss, the species of animals used
were not fully depletive of vitamin C, and they were,

therefore, not so sultable for studiss involving the
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effect of ascorblc acid as would be animals which
can be fully depleted of vitamin C. At the present
time, there are known only three mammals which de-
pend on exogenous sources for thelr nutritive re-
quirements in vitamin C; these are man, the lower
primates, and the gulnea pige.

With the preceding facts in mind, 1t was felt
that, with guinea plgs as experimental animals, an
investigation of the relationship of vitamin C to
sulfanilamide action would be interesting.

To ascertailn the effects of low and of high
vitamin C blood levels in gulnea pigs on the sulf-
anilamide action, it was first necessary to know
what the normal vitamin C blood levels were and to
what extent these levels could be ralsed or lowered
by the addition or withdrawal of ascorblc acid or
of sources of the vitamin. It was, furthermore, con-
sidered essential to know to what extent the normsal
metabolism of the animal was affected by 1ts vitamin
C content, lnasmuch as any therapeutic agent will
have its actlvity influenced by the general condition
of the reciplent of the drug at the timse that the
drug is administered. Consequently, the first study
undertaken 1s concerned with the blood level of vita-
min C in the normal, sulfanilamide-untreated guinea
plg as an indication of the state of the vitamin C



nutrition of the animal.

Once the vitamin ¢ blood levels of the normal
animals had been determined, it became necessary to
determine the mutual effects of the sulfanllamide
and the ascorbic acid on sach other both in the test
tube and in the animal organlism, in reference to the
quantitative determination of these two substances.

In vitro and in vivo tests were, therefore, made to

learn the effects of different amounts of ascorble
acld on the determination of free and of conjugated
sulfanilamide, and the effects of sulfanilamide on
ascorbic acid determinations. In conjunction with
thlis phase of the work, there were made, simultane-
ously, brief pathological studies of the guinea pigs
undergoing treatment with sulfanlilamide.

Before proceeding to chemotherapeutic studies,
it was essential to determine the effect of ascorbic
acid on the LDgy* of sulfanilamide for gulnea pigs.
Inasmuch as there were no accurate studies reported
in the literature on the acute toxic dose of the drug
for gulnea nlgs, a determination of this dose was
undertaken concurrently with the determinations of

the effect of various blood levela of ascorble acild

#The LDgp is that dose which produces a mortali-
ty of 50 per cent under definite experimental con-
ditions.

iii
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on the acute toxlicity of sulfanilamide.
With the three previous studles as guides, there
was conducted a chemotherapeutic investigation of the
effect of sulfanilamide alone, of ascorbic acild alone,
of ascorbic acid plus sulfanllamide, of vitamin C de-
pletion, and of vitamin C depletion plus sulfanilamide
dosage on group C streptococcl infections in guinea pigs.
For purposes of clarity, the entlre study has been
divided into four distinct sections as follows:
I. THE SIGNIFICANCE OF THE VITAMIN G LEVEL OF
THE BLOOD PLASMA IN GUINEA PIGS;

IT. THE EFFECT OF ASCORBIC ACID ON THE DETERMI-
NATION OF SULPANILAMIDEj;

ITI. THE EFFECT OF VITAMIN C ON THE ACUTE TOXICITY
OF SULFANILAMIDE FOR GUINEA PIGS; and

Iv. THE TREATMENT OF A GROUP C STREPTOCOCCUS IN-
FECTION IN GUINEA PIGS WITH VITAMIN C AND

SULFANILAWIDE .



THE SIGNIFICANCE OF THE VITAMIN C LEVEL
OF THE BLOOD PLASMA IN GUINEA PIGS

Introduction

In the published studies (12-14) (48) (51-2) (59-60)
(63) (66) on the vitamln C content of the plasma (serum,
or whole blood) of the guinea pig determined by chemi-
cal methods, only those of Rohmer et al. (51) and of
Zilva (66) mention the importance of regulating not
only the vitamin intake in determining the "normal"
vlitamin C content, but also the time interval between
adminlstration of the vitamin and the withdrawal of
the blood sample from the animal.

Rohmer et _al. (51) found only indeterminable
traces of the vitamin in the serum of gulnea pigs de-
pleted for only four days. After five days, no color
at all was given by the serum and the reagent. The
curve for vitamin C in guinea pigs given by these work-
ers 1s in very close accord with that of Figure I.
(These authors do not state whether the same animals
were used for the vitamin C determinations at the dif-
ferent hours; neither do they give the number of ani-
mals used in the experiment.) The highest value, 20
mg. per cent, was reached at approximately one-half

hour after sub-cutaneous injection of 200 mg. per kg.



of body weight. At the twenty-fifth hour, the value
was about 1.7 mg. per cent.

Zilva (66) took a series of gulnea pligs prev-

2.

iously kept on a mixed dlet with cabbage ad 1llb. and

injected them with 50.0 mg. of l-ascorbic acid. Ani-

mals were killed one-half hour, one hour, two hours,
two and one-half hours, and four hours after the in-
jection, and the ascorblec acid was determined in the
plasma. The values obtained were 32.5, 17.5, 11.0,
7.5, and 3.5 mg. per cent, respectively. He stated
that although the vitamin C content of the plasma of
saturated guinea plgs is very low, this can, neverthe
less, be ralsed at will by injecting large doses of
ascorbic acid.

Table I (on p.3 ) shows clearly the disagreement
existing concerning normal blood vitamin C values.
Yet, with only the exceptions already mentioned, none
of these authors cltes data which would indicate that
the time factor was consldered in determining normal

blood vitamin C values. (See Table I, on p.3 ).

In the literature pertaining to vitawin C deter-

minations in humans, there are several articles com-
menting on the lnadequacy of making a single, random
determination of ascorblec acid in the blood, and

emphasizing the importance of accurately controlling



TABLE I

MEAN VALUES OF BLOOD PLASMA VITAMIN C LEVEIS IN

NORMAL GUINEA PIGS

Number of Mean Amount of References
Animals Values Dally Vita-
Used Mg. Per min C in Mgs.
Cent
Vitamin
c
6 aa 0.00 0.0 (14)Ecker et al.
40 0.02 0.0 (13)Ecker & Pillemer
220 0.09 0.5 (13)ivid.
218 0.13 1.0 (13)ibid.
9 xx 0.14 0.5 (80) Todhunter et al.
- 0.18 2.0 (51)Rohmer et al.
12 yy 0.22 2.0 (59) Todhunter & Brewer
10 #% 0,238 - (52)Sacerdote
9 0.327 - (52)1vid.
47 0.33 2.0 (13)Ecker & Pillemer
- 0.35 5.0 (51)Rohmer et al.
6 0.40 - (48)Raabe
29 0.43 2.0 (12)Dobbelstein
- 0.50 * (66)Zilva
10 zz 0.54 8.0 (59) Todhunter & Brewer
117 0.57 5.0 (13)Ecker & Pillemer
5 0.65 - (48) Raabe
5 0.68 - (48)ibid.
6 0,77 - (63)Wortis et al.
5 0.80 - (48)Raabe
6 a 0.81 0.0 (14)Ecker ot al.
5 0.86 - (48)Raabe
143 1.03 10.0 (13)Ecker & Pillemer
6 1.06 - (14)Ecker et al.
85 1.08 20.0 (13)Ecker & Pillemer
- Not Stated
% Fresh Cabbage ad 1lib.
%3# Standard Deviation: 0,011
XX Standard Deviation: 0.05
yy Standard Deviation: 0.03
zz Standard Deviation: 0.1l1
a Scurvy Diet - 14 days
aa Scurvy Diet - 30 days



both the quantity of the vitamin in the diet and the
time elapsing between successive tests for the vita-
min in consecutively drawn blood speclmens.

Working with humans, Greenberg et al. (23) sug-
gested that "more accurate index of the degree of de-
ficiency existing at the time in any given case can
be had by serial determinations following adminis-
tration of known vitamin C supplements”.

Taylor, Chase and Faulkner (58), Wright, Lilien-
feld, and MacLenathen (64), and Barron, Brumm, and
Dick (3) have graphs showing the rapidity of the rise
and fall of vitamin ¢ in the blood. Wright, Lilien-
feld and MacLenathen (64) found that after the in-
travenous injection of 1 gm. of cevitamic acld, the
vitamin C content of the blood reached a height which
showed some relationship to the previous dietary in-
take. They stated that the cevitamic acld values of
a control blood sample may be misleading regarding
the actual state of vitamin C nutrition, since they
are subject to sudden fluctuations after temporary
dietary changes. For humans, these workers recom-
mend a five hour test for vitamin C after an intra-
venous test dose of 1 gm. Goldsmith and Ellinger
(22), Kellie and Zilva (28), Herlitz (24), Kajdi,
Light and Kajdl (25), Kastlin et al. (27), agree

with Wright, Lilienfeld and MacLenathen (64) con-
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cerning - as Kellie and Zilva (28) phrase it ".sseees
the variation of the ascorbic acid content of the
blood with the magnitude of the dose and the time
elapsing after taking the dose". Zilva (66) also
stated that blood levels determined at random do not
indicate the degree of "saturation"of a subject. Of
the various reports of investigatibns, however, only
those of Herlitz (24) and of Dagulf (8) present, in
addition to dletary and time control, the standard
deviation for each experimental group.

It is the purpose of this study to show that vita-
min C determinations on the blood plasma of guinea plgs
are of value only when the time elapsing between the
intake of the vitamln and the withdrawal of the blood
sample 1s taken into conslderation; that the initial
value is not a reliable index of the state of vitamin
C nutrition of the anlmal; and that, wunless the
sampling error is known, a correct interpretation of
the experimental data cannot be made.

During the course of experiments in which 1t was
necessary first to obtain normal blood plasma vitamin
C values 1n guinea pigs, 1t was noticed that not only
was there a large indlvidual varlation in the vitamin

C content of the plasma of gulnea pigs, but that there

was also a considerable variation in the plasma ascorbic

acld content in the same animals depending on how soon
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after the feeding of greens a determination of the
vitamln value was made. The inltial series of re-
sults which led to the conclusion that the vitamln

C content of the blood of gulnea plgs not only varies
with the amount of vitamin C consumed but also varies
with the length of time following the last intake of
the vitamin is presented in Table II. (See Table II
on p.7).

Subsequent investigations were made with careful
timing of the interval elapsing between the adminis~
tration of the vitamln and the withdrawal of the blood
sample from the animal. The latter data are summarized

in Tables III and IV, on pp. 8 and 10,

Expsrimental
Guinea pigs of both sexes, weighing approximately
260~450 gms., were fed daily, except Sunday, a diet
consisting of ad libidum quantities of hay; rolled

oats (100 gms. per guinea pig) mixed with 0.25 gm.
sodium chloride, 0.5 gm. of dried brewer's yeast
(Fleischmann), one cc. of U. S. P. XI cod liver oll;
greens, consisting chiefly of cabbage, celery and
carrots; and fresh water. All of the animals were
kept at least four days on this diet before heing used.

Blood samples were obtalned by lightly etheriz-
ing the animals and withdrawing 0.5 to 1.0 cc. of



TABLE II

RANDOM DETERMINATIONS OF VITAMIN C IN THE

BLOOD PLASMA OF NORMAL GUINEA PIGS

Time of De-~ Mean in Lowest Highest Standard Per Cent Number of

termination Mg. per- Value Value Deviation Standard Animals

in hours cent Deviation

after feed-

ing greens

(ad 1ib.) .
Group I 3=6 0.38 0.17 0.76 0.15 { 39.5 30
Group II  15-17 0.16 0.06 0.24 0.06 . 37.5 6
Group III 2-3 0.53 0.20 0.82 0.26 ? 49.1 6

!

Group IV 4-6 0.72 0.06 1.67 0.51 i 70.8 12
Group V 19-20 0.14 0.02 0.35 0.08 57.1 20
Group VI 42-44 0.16 0.00 0.44 0.11 68.8 32

(No greens

on Sunday)

_ (106) Total

Weighted Mean For All Animals: 0.30 mg. per cent
Standard Deviation: 0.20
Standard Error: 0.02

(See Appendix, Table II-=-- for Complete Data)



TABLE IIIX

PLASMA VITAMIN C LEVELS IN GUINEA PIGS AT STATED TIMES

AFTER INTRAPERITONEAL INJECTIONS OF 2.5, 5.0,

AND 10.0 MGsS.

OF ASCORBIC ACID PER ANIMAL

Gm.Wt. Date Experi- Time of Ad- Amt. Vita- Time

Mg. Per Cent

Detn. of Vitamin C

Sex ment Began min., of As= min C In- # Elaps- Vitamin C 7 Hours after Last
corbic Aeid Jected 1.p. ing Be- Injection
in Hours per anlimal tween

Last Inj.
and Detn.
of Vit. C

Group I  327-F 6/7/40 0,24,72, 96 2.5 mg. 24 hours .09 -
412-M n ou’ n’ g 2.5 24 n .00 -
305=F non o onoom 2.5 24 u .00 -
310-M " n o ou on 2.5 24 ] .00 -
28] -F n o on n 2.5 24 " .00 -
203 -F o o n o0 2.5 24 " .44 -
3220aF u n n n 2.5 24 ‘ll .6-8- -
330-F " o n on on 2.5 24 n .00 -
364-F I I 1) 2.5 24 " .00 -

Mean - .07
S.d. - 015

Gr - . . 7 .22 -

oup II ggg_ﬁ 6/12/40 0,24,48 g.g mg i; hours 5% -

310-F 1t ] ] 5.0 17 " ol4 -

3056-M Boonou 5,0 17 n .03 -

275-F won o u 5.0 17 n .05 -

332-F ” n n 5.0 17 n «13 -

300-F fnon ] 5.0 17 1 .00 -

206 -F "ou o 5.0 17 1 .00 -

322~ 4] l.l n 5.0 17 L] 007 -

320 noon o n 5.0 17 " .02 -

330-F wonon 5.0 17 n .04 -

312-M won o n 5.0 17 " .00 -

304 -F won o n 5.0 17 ] .01 -

340-F nonwon 5.0 17 u .08 -

Mean -~ .06
S.d. - 006

Group IIT 335-F 6/19/40  O(one inj.  10.0 mg. 4 houvs -30 -
332-M only) 10.0 4 "o-* 28 -
348"5‘ n 10 .O 4 c.0n ) 69 -
362-M " 10.0 4 ft 1.34 -
381-F " 10.0 4 n .83 -
373-F " 10.0 4 u .10 -
363 -F " 10.0 ‘4 " .06 -

an "05
;)7%?dtf=ﬁ46'~,
. : n e e e e
#A11 animals were fed regular diet plus greens
ad.lib. On day of vitamin C determination, T
no greens-were fed until after the determination. '

Group IV 323-F 6/19/40 no inj. -——— 2 hours | .24 .05
370-F (Greens fed 2 L .24 .05
295-F at 9:45 A.M. 2 " ? .42 .10
335-F vitamin C de- 2 . ’ .51 o1l
309-M tn. made at 2 " . 12
313-F 11:45 AM at 2 .20 04

which time —
the greens Mean -.32 Mean -.08
were Who:l.ly s.do "012 Scdo. “004

removed from
the cages.)
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blood by cardiac puncture. Inasmuch as only 0.5 cc.
to 1.0 cc. of blood was withdrawn at any one puncture,
most of the anlmals remained alive. The survivors
were used agaln after they had been allowed to rest
for three or more days.

The vitamin C determinations were carried out
according to the directions glven by Farmer and Abt
(15) (16) for their micro method. A burette made by
sealing a stopcock to a 0.2 cc. plpette graduated in
thousandths of a2 cc. was used. A fine capillary tube
was connected by gum-rubber tubing to the end of the
pipette at which the stopcock had been sealed. Thils
burette was calibrated. Titrations were made with
the burette held 1n a vertical position. Transfers
of liqguid of 0.2 ¢c. Or less were made with a 0.2 cc.
pipette graduated in thousandths of a cc. The same
apparatus was used throughout the experiment.

In the titration of 10 unknowns for the purpose
of determining the accuracy of this method, the ob-
served values differed from the correct values by not
more than 5.4 per.cent‘f 3.9 per cent. Determinations
were made in triplicate on each sample of plasma test-
ed for 1ts vitamin C content.

Ascorbic acid injections were made Iintraperito=-

neally and regardless of body weight, since the ani-
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TABLE IV

PLASMA VITAMIN C LEVELS IN GUINEA PIGS AT
STATED TIMES AFTER INTRAPERITONEAL
INJECTIONS OF 10.0 MG. OF
ASCORBIC ACID PER ANIMAL

Date Sex-~ Amount Vita- Mg. Per Cent Vitamin
1940 Weight min C I.P. C in Plasma Hours
in Gms. in Mg. Per Pig After Injection
1 3 7
6/26 M-25%7 10.0 0.44 0.25 0.32
' M=-342 " 1.04 0,32 0.37
M"274 " 2 011 O . 66 0 019
M“ZVO '.' 0 .55 0 040 O 026
M-300 n 0.35 0.36 0.20
M=-257 " 3.66 0.45 0.12
M-295 " 0.9 0.95 0.13
6/27 M-25"7 " 0.84 0.74 1.01
M"‘280 " 2 011 1 050 0 .55
M-265 " 0.36 0.26 0,17
P-260 n 0.46 3 3
M=312 " 0.29 0.33 *
M-290 " 1.38 0.26 0.52
F-254 " 2 ) 80 2 008 0 050
F-256 " 0008 GOTS 0056
F-276 n .57 0.12 0.07
M-260 " ' 0.29 0.28 0.10
Meaniit ‘1518 0.55. 0.33
No. of Animals 19 .18 17
Standard Deviation 1.10  0360°.0.30

Standard Erraor

0.30" 010 ~-0.}0

e ——= =
% 1% 4
6/21 F-275 10.0 3.04 0.80 0.43
P-352 m 2.60 l.44 0.74
F-344 " 4.94 4.82 1.92
M=-335 " 3.60 1.68 0.61
M-295 " 4.00 0.30 0.1l0
F=320 " 4,24 0.72 0.1l8
F-347 " 2,70 1.50 0.1l6
F-344 n 3.18 2.14 1l.61
F=357 " 1.74 0.52 0.64
6/28 M-320 " 1.31 2.47 0.44
M-270 n 1.32 0.33 0.33
F=-287 " 3.34 1.60 1.63
F=267 " 2.05 0.55 0.39
F-257 " 0.66 0.21 0,34
F"'268 " l 078 1 066 0 056
F=276 " 0.42 0.21 0.21
F=-207 " . 0.58 0.22
No. of Animals 18 18 18
Standard Devliation 0.9 0.90 0.60
Standard Error 0.20 0.20 Q.10
# Dled

## There 1s a significant difference of means

between the values for 1/2 and 1 hour, 1 hour
and 3 hours, and 3 hours and 7 hours.
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MG.

PER CENT

VITA,

C.

FPIGURE I

RATE OF DISAPPEARANCE OF BLOOD PLASMA VITAMIN C IN GUINEA PIGS

FOLLOWING AN INTRAPERITONEAL INJECTION OF 10.0 MGS.

250

225

.75

.50

«25]

OF ASCORBIC ACID

0-300?)

.00

I}

1.0

T.5 2.0 2.5

30
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mals used were all within the same weight range. In
the 0.5, 1.5 and 4 hour group and in the 1, 3 and 7
hour group (Table IV, on p.10), the same animal was
bled at the time intervals given. In repeating these
two experiments, two new groups of guinea pigs were

used.
Experimental Results

The results given in Table II (on p.7 ) represent
determinations made without exact time controls and at
varylng times of day. Table III (on p.8 ) presents data
which show the rapid loss of witamin C in normal animals
which were given, in addition to their ad lib. dist of
greens, varylng intraperitoneal injections of ascorbile
acid. The information in Table IV (on p.10) shows the
rapldity with which the vlitamin disappears from the blood
stream. PFigure I represents the results accumulated in

Table IV,

Discussion

Although all of the facts gathered in Table II (on
p. 7) were obtained on normal animals, the results, if
the averages of the separate groups are taken, are not
representative of the so-called normasl vitamin C content
of the plasma of guinea plgs. Howsever, inasmuch as the

nutritional state of the animals was controlled and was
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known up to the time of cardiac puncture,none of the
results represents the plasma value of an actually de-
ficient animal. But, if one determines the standard
deviation of the welghted mean value found for all of
the non-fasting animals - 106 - on the same vitamin C
diet previously mentioned, in 95 per cent of the cases,
the mg. per cent of vitamin C found in the blood of a
normal animal will be within the range 0.30 Z 0,40 mg.

per cent or 0.00 to 0.70 mg. per cent. This means that

statistically, under similar experimental conditions,

the results will be within this range 19 out of 20

times (17). Therefore, a single determination made with-
out an exact time control relative to the last intake

of a given amount of the vitamin by the guinea pig is

of no importance 1n evaluating the nutritional state of
the animal.

In Table II (on p. 7), it will be noted that the
per cent standard deviation is not constant for the
various groups. (As the vitamin content of the plasma
approaches zero, the range over which a value can vary
1s limited more and more as it nears the zero point.
Consequently, groups in which there are animals with
high values will show greater variation than groups in
which the animals have vitamin blood levels that are low.
Per cent standard deviation gives a truer picture).

The importance of the vpreceding considerations is
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seen from the data which follow.(Table V, on p.l1l5 ).
Groups II, V and VI, in which at least 15 hours had
elapsedvbefween the feeding of greens and the deter-
mination of vitamin C show statistically no signifi-
cant difference from each other. Yet the difference
between these values and those 1n Groups III and IV
in which the time Interval is only 2 to 6 hours is
significant. On the other hand, GroupsI, III and Iv
do not differ statlistically from one another. (The
mean value for the entire group of 106 animals shows
a significant difference from all results except the
determinations evaluated 2 - 3 hours after feedlng
greens - Group III - and has been included 1in order
to emphasize the importance of statlng time elements
in the experiment).

The difference is also signiflcant between the
mean of the fasting values (Table VI, on p.16 ) of
vitamin C and the non-fasting values determined be=-

fore feeding of a source of vitamin C (Table II, on
p.7).

Although in the experiment represented by Table III
(on p.8) the animals were given the regular diet plus
greens ad lib., except on the day of vitamin C deter-
mination, when no greens were given, and although the

Injections of the vitamin C intraperitoneally represent-
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TABLE V

SIGNIFICANT DIFFERENCE OF MEAN3S FOR VALUES%*
GIVEN IN TABLE IIX

Group I Group II Group III Group IV Group V Group VI
0.38 Mg- 0.16 Mgo 0.53 Mgr 0.72 Mgo Q.14 Mg- 0.18 Mgo
Per Cent Pexr Cent Per Cent Per Cent Per Cent Per Cent

Group 1
0.38 Mg.
Per Cent ———— 2.34 1.15 2.00 2,72 2.48

Group 11
0.16 MNg.
Per Cent 2.54 - 3048 30'78 0063 0000

Group III
0.53 MNg.
Per Cent 1.15 3.48 - 1.06 360 S.36

Group IV
0.72 Mg.
Per Cent 2.00 3.78 1.06 - 394 3.80

Group V
0.14 Mg.
Per Cent 2.72 0.63 3.60 3,94 - 0.76

Group VI
0.16 MNg.
- Per Cent 2.48 0.00 3.36 3480 0.76 ————

#Any figure larger than 1.96 is considered to indic:ate
a significant dlfference, since this figure glves a
probability of only 1 in 20 that the difference would
arise by chance.
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TABLE VI

EFFECT OF 20 HOURS STARVATION ON THE BLOOD
PLASMA LEVEL OF VITAMIN C IN GUINEA PIGS

Date Gm. Wt. Mg. Per Cent Mg. Per Cent Gm. Wt.

Sex Vitamin C in Vitamin C After 20
Normal Un- after 20 Hours Hours
treated Gulnea Starvation Starvation
Pigs
1. 5/7/40 549-F 0.28 0.09 487
2. 445-F 0.71 0.16 385
3 442-F 0.45 0.10 410
5. 473~ 1.67 0.156 432
7. 320-F 0.68 0.06 202
8. 283-F 0.42 0.14 255
Qe 355~ 0.90 0.18 306
11. 228-F 0.32 0.02 205
12. 471 -F 1.63 0.26 412

(A) Mean-Starved Pigs- .12 mg. per cent
Standard Deviation-07 mg. per cent

13. 5/29/40 457-M 0.21 0.03 444
14. 342-F 0.12 0.00 326
15. 352-M 0.23 0.00 350
16, 337-M 0.02 0.00 327
17, 307 -F 0.11 0.10 284
18, 329-F 0.11 0.00 306
19, 317-F 0.35 0.04 292
20. 300-F 0.15 0.00 280
21. 268~F 0.23 0.00 255
22. 312=-F 0.07 0.00 282
23, 310-F 0.13 0.01 280
25, 327-F 0.10 0.00 302
26, 256 =F 0.02 0.00 245
27, 208-F 0.19 0,00 281
28, 267-F 0O.11 0.00 249
29, 319~F 0.23 0.00 280
30. 309-F 0.11 0,00 288
31. 290-F 0.1l5 0.08 266

(B) Mean-Starved Pigs-.0l mg.per ct. Standard Deviation-.05( For all
Standard Deviation-03 mg.per ct. Standard Error ~-.01l) 32 pigs
Welghted Mean -.05 (
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ed an addltional amount of the vitamin in excess of
that normally consumed daily, the results for the 2.5
mg. and the 5.0 mg. group, even considering the mean
values, are indicative of what has béen termed a
scorbutic or a partial scorbutic state, if the time
element 1s disregarded. Actually, however, the gulnea
pigs used were known to be normal. This was shown
also by their healthy appearance, their excellent appe-
tites, and their regular increase in weight prior to
the vitamin determination.

In the experiment (see Table III, on p.8 ) in
which 10.0 mg. was gilven to the animals, the ascorbic
acld value subsequently found gave a mean of only 0.51,
but even here, two of the seven values were unusually
low and, on the basis of a random, single determination,
indicate depletion. However, when the time element and
the sampling error are consldered, 1t can be seen that
the values obtalned, standing alone, are of no signifi-
cance.

The fourth experiment (see Table III, on p.8 ) of
the series, where greens were fed at 9:45 and were re-
moved at 11:45 - the time of the first deterwination -
glves data for the second vitamin C determination which,
had they been obtained with the history of the prev-
lous background lacklng, would have led to the errone-

ous assumption of partial depletion.
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If one conslders individual values apart from
the time element, the fifth experiment (Table IV, on
pe 10 and Figure I, on p. 11) would furnish mislead-
ing data at the seventh hour as well as at the fourth
hour. Yet, considering the experimental data pertain-
ing to vitamin C requirements of the guinea pig (11)
(13) (15) (16) (20) (21) (85) (66) no one would seriously
assume on the basis of all the facts presented that
any of the animals here used was depleted of vitamin
C or that the animal passed from "super-saturation" at
the end of one hour to a state of partial depletion at
the end of the seventh hour, or even the twenty-fourth
hour. It is clear, therefore, that in addition to time,
the extent of the sampling error must be stated also,
and that in random determinations under circumstances
where the standard deviation is great, it is almost im-
possible to designate the state of vitamin C nutrition
on the basgis of the determination of the blood plasma

level of the vitamin.
Summary

1. A single, random determination of the ascorbic
acid content of the plasma of guinea pigs is
not indicative of the state of vitamin C satu-

ration of the tlssues of the animal.
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2. To determine the state of saturation or of
depletlion of guinea pigs, one must take in-
to consideration the vitamin C intake of the
animal and the time elapsing between the in-
take of the vitamin and the withdrawal of
blood from the animal.

3. Because of individual variations (which may
be caused, for example, by different ratesof
metabollc activity or difference in rate of
excerotion of the vitamin) one should present,
for all experiments, along with the other
evidence referred to, the deviation from the
mean value found for each experiment. In this
way the degree of accuracy of the expsriment

is indicated.
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THE EFFECT OF VITAMIN C ON THE DETERMINATION
OF SULFANILAMIDE

Introduction

Because the therapeutic effectiveness of sulfanil-
amide is dependent on the attainment of a definite
minimum concentration of the free drug in the blood
and because too much of the free drug in the blood
leads to toxlec reactions, it has become customary to
make routine determinations of the free sulfanllamide
present 1n the blood of patients undergoing treatment
(42) (35) . Although it is known that certain substances
interfere with the determination of the drug by the
method of Marshall(et al.) (37), there have appeared no
reports in the literature pertaining to the effect of
vitamin C on the sulfanllamide determinations, despltes
the fact that there have recently appeared reports deal-
ing with the combined ascorbic acid-sulfanilamide (or 1its
derivatives) therapy (9) (56) (7)(33) (34) (32). Obviously,
if there is any appreciable interference bv the vitamin
present in the blood with the determination of free
sulfanilamide, serious consequences may follow for the
patient.

That large amounts of vitamin C may appear in the
blood as a result of massive dose administration of

ascorblc acid is shown by the works of several authors (51)
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(66) (88) (57) (64) (3) . In Fact, blood levels as high as
25 mg. per cent have been reported in humans.

It was felt, because of the possibility of inter-
ference between ascorbic acid and sulfanilamide, that
it would be desirable to determine the effects of these

two substances on each other in chemlcal tests.

Experimental

The methods used for the deteriination of sulfanil-
amide were those of Marshall et al.(37)(39)(6). Vitamin
C determinations were made by the methods of Farmer and
Abt (15) (16) .

For the in vivo experiments, blood was dbtained by
cardlac puncture from gulnea plgs which were lightly ether-
ized. The animals used were of both sexes and weighed
approximately between 275-425 gms. The sulfanilamide was
glven by mouth by means of a rubber catheter attached to
a suitable syringe. The drug was glven as a 15 per cent
water suspension in the amount of 323 mgs. of sulfanil-
amide per kg. of gulnea pig; and doses were administer-
ed at 0, 3, 7, 11, 15 and 19 hours (2). Ascorbic acid
was administered intraperitoneally concurrently with the
per os sulfanllamide dosage. Blood samples were obtalned
immedlately after the 19th hour dose was given, and the

samples were prepared at once for the determination of
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vitamin C and sulfanilamide.

The in vitro experiments were made with a constant
amount-10 mg. per cent-of sulfanilamide throughout, ex-
cept as noted in the tabulation of resuits. Also, the
dye (N=-l-naphthyl ethylene diamine dihydrochloride) was
added, except as noted in Table I, after the final sulf=-
anllamide-ascorbic acid solution (containing trichloracetic
acid in the same proportion as outlined in the method of
Bratton and Marshall (6))had first been diluted 1:10,
giving thereby a 1:20 dilution of the original 20.0 mg.
per cent sulfanilamide stock solution. The preparation
of the éulfanilamide-ascorbic acld solutions weremade by add-
ing to 5.0 cc. of the 20.0 mg. per cent stock solution of
sulfanilamide used as the standard the requisite amount of
the vitamin contained in 5.0 cc. of a solution of tri-
chloracetic acld made sufficiently concentréted with
respéct to the trichloracetic acld so that in the final
sulfanilamide-ascorbic acid solution, the percentage of
the trichloracetic acid would be the same as that in the
blood filtrates treated according to the method of Bratton
and Marshall (6).

Several ascorbic acld-sulfanilamide=-trichloracetic
acid solutions prepared as previously.described were re-
fluxed on a water bath for one hour, at the end of which
time the solutions were cooled and readjusted to the pre-re-

fiuxing volume by the addition of distilled water. The
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PERCENTAGE OF SULFANILAMIDE RECOVERED IN
THE PRESENCE OF VARYING AMOUNTS
OF VITAMIN C

TABLE I
2.0 cc. of Dye Added

Mg. Per Mg. Per Ratio Per Cent Mg. Per Per Cent Mg. Per Per Cent Mg. Per Per Cent ngo§:rlé§gtDing;on
Cent Cent Re- C : S¥% of Sulf. Cent Oxid. Sulf. Re- Cent Reduced of Sulf. Cent Oxid. of Sulf. Reduced Vita- Cent
Sulf. - duced Recover- Vitamin C Covered Vitamin C Re- Recover- Vitamin C Re- Recovered min C Reflux- of Sulf!

Vitamin C ed | fluxed with -Sulf. ed fluxed with Sulf. ed with Sulf. Recov.
10.0 0.125 1:80 95.2
1000 '50 1:20 9605 050 92.9
10.0 .75 1:13 95.0
10.0 1.00 1:10 7.7 1.00 96.0
10.0 1.25 1:8 7.7
10.0 1.50 1:7 96.5
10.0 1.75 1:6 98.0
10.0 2.00 1:5 98.0 2.00 90.0
10.0 2.25 1:4 97.5
10.0 2.50 1:4 99.4
10.0 2.75 1:4 7.4
10.0 3.00 1:3 99.8 3.00 85.1
10.0 5.00 1:2 93.3 5.00 77.8
10.0 10.00 1l:1 91.6 10.00 93.8 10.00 76.4 10.00 59.3
10.0 20.00 2:1 89.8 20.00 93.4 20.00 68.3 20.00 75.6 20.00 37.7
10.0 25-00 2¢5=l 85.2
10.0 30.00 3:1 84.2 30.00 88.9 30.00 62.2 30.00 66.3 30.00 22.0
10. 40.00 4:1 773 40.00 73.2 40,00 57.6 40.00 56.7 40.00 15.8
10.0 50.00 5:1 71.5 50.00 63.1 50.00 56.6 50.00 50.7 50.00 9.7
10.0  100.00 10:1 56.1 100.00 65.0
10.0 150.00 15:1 49.6
10.0 250.00 25:1 Trace
10.0  300.00 30:1 00.0

#Ratlio of Vitamin C to Sulfanilamide
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THE EFFECT OF THE VITAMIN C:SULFANILAMIDE

RATIO ON THE RECOVERY OF SULFANILAMIDE

TABLE II
Mg. Per Cent Mg. Per Cent Ratio Per Cent of
Sulfanilamide Reduced Vita- C : Sulfanilamide
min C Recovered

1.0 1.00 1l:1 90.4

1.0 2.00 2:1 86.3

1.0 35.00 S:1 84.0

2.0 2.00 1:1 96.3

2.0 3.00 312 95.3

2.0 4.00 2:1 85.6

50.00 50,00 1:1 93.7

50.00 150.00 331 76.9

#Ratio of Vitamin ¢ to Sulfanllamide
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effect of this manner of heating was determined for
mixtures of sulfanilamide and reduced ascorbic acid
and mixtures of sulfanllamide and oxidized ascorbic
acid.

Ascorbic acid solutions were oxidized by heat-
ing a distilled water solution of the vitamln under re-
flux on a water bath for one hour. The vitamin oxidiz-
ed in this manner was compared with the reduced form
of the vitamin in regard to their respective effects
on the determination of sulfanilamide.

Sulfenilamide solutions alone when refluxed on
a water bath for one hour and tested for thevpurpose of
recovering the sulfanilamide known to be present gave
complete recovery wlthin the llmits of error previously
found as the result of determinations made on a series
of 10.0 mg. per cent, separately prepared,unrefliuxed,
sulfanilamide solutions compared with a standard.

All determinations of sulfanilamide were made in
a Klett colorimeter with glass cups. All experiments
were repeated at least once, and at least four read-
ing were averaged for each sample read on the color-

imeter.
Discussion

The determinations of fres sulfanilamide in the



29.

in vivo experiments, which were based on those of Arm-
strong and Thompson(2), confirm the results of these
workers both in respect to the highly erratic percent-
ages of the drug found in the blood and in respect to
the amounts of sulfanilamide present as a result of the
recommended dosage (see Table ITI,Appendix, and Tables

Iv, IV-A, and V,on pp. 82, 83, 84, 85)., However, it was
found that dissolving and reprecipitating the drug be-
fore administering it may result in traumatic injury to
the stomach because of the presence of sharp-pointed
crystals. This type of injury dld not occur when the
finely powdered sulfanilamide (Merck) was used. Ad~
herence to the schedule of treatment of the gulnea plgs
recommended by these authors - with only the slight
modifications mentioned in a preceding section, result-
ed in a number of deaths (approximately 10 per cent) with-
in 48 hours. Autopsy, and subsequent sectioning of thé
organs of several of the animels, revealed the following
pathology, which was not, however, present in its entire-
ty 1in every case examlned:

Stomach - Chemlcal, coagulation necrosis. Hemorrhage;
erosion of wall(destroyed epithelium); sub-mucosa
thickened, apparently by gas; blood vessels in
sub-rmcosa eroded, with hemorrhage into mucosag

acute inflammatory phenomena in larger vessels of
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sub-mucosa; muscular layer thin because of
stretching.

Small Intestine - Mucosa eroded; inflammatory

cells; sub=-micosa dilated because of gas; blood
vessels intensely engorged; chronic inflammatory
cells in the mucosa.

Large Intestine - Essentlally same as the small

Intestine - intense infiltration with inflammatory
cells; blood vessels Intensely dilated; erosion;
involuntary muscle stretched; etc.

Lungs - Broncho-pneumonia (In addition to broncho-
vneumonia, all of the larger arteries were tight-
ly contracted).

Spleen - Chronie passive congestion with areas of
necrosis in the red pulp.

Liver - Parenchymatous degseneration and engorge-
ment on venous side; early chronic passive con-
gestion; very early fatty degeneration (at
periphery of lobules); number of Kipffer cells
unaltered (Therefore, no effect on reticuloendo-
thelial system).

Kidney - Parenchymatous degeneration; no necrosis;
vessels dilated, showing considerabls amount of
blood in organ; around some glomeruli, infiltra-

tion of inflammatory cells as a result of chemical
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causes.

All of the above pathology occurred when the re-
crystallized drug was used, but no recurrence of these
conditions in thelr entirety appeared with the use of
the finely powdered compound. However, a large number
of the cases autopsied grossly elther as a result of
death within 48 hours after the beginning of the ex-
periment or as a result of sacrificing the animals
at the end of 48 hours showed hemorrhagic areas in
the muscular layers of the stomach, almost always 1in
conjunction with hemorrhagic lungs. The most frequent-
ly occurring pathological symptom was hemorrhage in one
or more lobes of the lungs.

‘The animals used in these experiments were distri-
buted as follows:

27 gulnea plgs of both sexes-200--209 gms. in weight,
inclusive

80 guinea pigs of both sexes-300--399 gms. in weight,
incliusive

24 gulnea pigs of both sexes-400--499 gms. in welght,
inclusive

2 gulnea pigs, 1 male,l female-~-500--599 gms. in
weilght, inclusive

Although different conditions in regard to the
vitamin C level of the blood were produced in the anl-
mals, no correlation whatsoever was found between the

amount of free or of conjugated sulfanilamide in the
blood and the vitamin C content of the blood. Tables III,
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IV, IV-A, and V, in App., on pp. 82, 83, 84, 85.)
However, 1nasmuch as the vitamin C in the blood
was consistently very low at the time that the blood
was wlthdrawn for the purpose of making tests for
both sulfanilamide and vitamin C, it was thought that
perhaps the sulfanilamide interfered with the vitamin
elther by affecting 1its determinatlion by the method
of Farmer and Abt (16), or by causing a change in the
in vivo metabolism of the vitamin. The in vitro tests
with pure sulfanilamide-ascorbic acld showed, however,
that there was no interference betwesen the acid and
the sulfanilamide when determinations of ascorbic acid
were made with 2,6 dichlorophenol-indophenol as the
indicator. On the other hand, the low content of the
vitamin in the blood can readily be explained by the
fact that within three hours after the drug has been
administered, the anlmals are no longer in a condition to
partake of food, as they exhibit spastic paralysis, con-
vulsions, rigidlty, ataxlia, purposeless movements, retch-
ing, and drop in body temperature. The animals remaln
for the duration of the experliment in a state in which
they cannot take nourishment voluntarily. It was shown
in part I that under conditions of 20 hours starvation
the blood level of vitamin C detectable by the micro

method here used drops to an extremely low value. Con-
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sequently, although the drop in blood ascorbic acid
values may be the result of increased excretion of
the vitamin because of the effect of the sulfanila-
mide (53), nevertheless, the low blood vitamin C
values can he explalned by the lack of food intake
by the gulnea plgs.

The in vitro experiments were undertaken to
check the results of the in vivo work, and to deter-
mine by controlled addition of ascorbic acid to glven
concentrations of sulfanilamide to what extent there
was interference, if any, by ascorbic aclid in the de~-
termination of sulfanlilamlde, or by sulfanilamide in
the determination of ascorblc acid. (Inasmuch as no
Interference was given by the sulfanlilamide in the
determinations of known amounts of ascorbic acid, this
phase of work will not again be referred to)

Sulfanilamide determinations in the Klett color-
imeter were made to an accuracy of 5 per cent. If the
limits of accuracy of the determinations are consider-
ed, 1t can be seen (Table I, Figure I, and Table II)
that there is no interference with the drug when a
solution contains 10.0 mg. per cent of sulfanilamlde
and up to 3.0 mg. per cent of the reduced form of
ascorblc acid. Above 3.0 mg. per cent, reduced ascorblc

aclid in the presence of 10.0 mg. per cent of sulfanil-
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amlide interferes with the sulfanilamide determination
increasingly as higher quantities of the vitamin are
present along with the constant amount of sulfanilamide.
Reference at thls point to the data presented in Table
I, Figure I,and Table II, shows that interference with
the color production is proportional not to the quanti-
ty of vitamin C present, but to the ratio of ascorbic
acid to sulfanilamide. Thus, if the ratios of reduced
ascorble acid to sulfanilamide in respect to the 1.0
mg. per cent, 2.0 mg. per cent, and 10.0 mg. per cent
sulfanilamide solutions are compared, there will be
found to exist no signifieantly different results
between the corresponding ratios.

When the reduced form of the vitamin 1s heated
with sulfanilamide on a water bath for one hour under
refiux, there takes place a reaction between the
ascorbic acid and the sulfanilamide. Evidence for
this lies in the facts that the percentage of sulfa-
nilamide recoverable is considerably reduced; that
complete recovery can be obtalned when sulfanilamlde
is heated alone; that 1f the ascorbic acid solution
is first oxldlzed by heating on a water bath for one
hour under reflux and is then added to the sulfanll-
amide solution, the recovery of sulfanilamide (which
has not been heated with the oxidized vitamin)is ap-




39,

proximately equal to the amount recoverasble when mixtures
of sulfanilamide and reduced ascorbic acid (unheated)

are tested; and that heating the sulfanilamide with
previously oxidized ascorblc acid gives results not
appreclably different from those obtalned when the re-
duced ascorbic acid is heated with the drug.

These latter facts are particularly of lnterest
in regard to the determination of the total amount of
sulfanilamlde in solutions in which elther the oxidized
or the reduced form of vitamin C may be present, in-
asmich as the presence of amounts of ascorbic acld less
than 3.0 mg. per cent cause definite interference in
attempts at recovery of the sulfanllamlde. Thls amount
of ascorblc acid, it will be recalled, does not inter-
fere in the determination of the free drug when the
latter is present in the amount of 10.0 mg. per cent.

With respect to the effect of oxidized ascorbic
aclid on the determination of free sulfanilamide or of
combined sulfanllamide, it is seen from Table I and
Figure I that the oxldized form of the vlitamin does
not differ significantly from the reduced form. One
additional fact deserves mention. If amounts of the
dye at least equivalent to that necessary to react
fully with the sulfanllamide are used, the results

will vary according to the extent of the dilution of
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the sulfanilamide-ascorbic acid solution to which the
dye 1s added. For example, if the dye is added be~
fore the 1:20 dilution of the mlixture is made, the re-
sults in recovery will differ from those obtailned when
the dye 1s added after the 1:20 dilution is made. (See
Table I and Figure I). The results are more accurate,
quantltatively, the greater the dilution before the dye
is added.

Conclusions

1 - Both the oxidized and the reduced forms of
ascorbic acid interfere with the determination
§f sulfanilamide by the method of Marshall
et al. when the ratio of ascorbic acid to
sulfanilamide 1s 1:2 or greater. Complete
inhibition of the reaction does not occur,
however, until the ratio reaches a value of
25:1 or greater (250-300 mg. per cent of
ascorbic acid 1n the presence of 10.0 mg. pser
cent of sulfanilamide).

2 - Heating the ascorbic acld and the sulfanilamide
together on a water bath for one hour under re-
flux results 1in a considerable lowering of the
amount of sulfanilamide recoverable even when

the ratlio of ascorbic acld to sulfanilamide
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is as low as 1:20. The amount which can be re-
covered is here less than that which can be re-
covered as a result of treating the sulfanil-
amide with ascorbic acid minus the heat.

To get comparable results, one must always add
the dye used in the coupling to a definlte di-
lution of the ascorblc acid-sulfanilamide

mixture.
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THE EFFECT OF ASCORBIC ACID ON THE ACUTE
TOXICITY OF SULFANILAMIDE FOR

GUINEA PIGS
Introduction

It has been suggested that the effect of sulfanil-
amide might be influenced by the ascorbic acid content
of an animal. Dainow (9) reported that in all cases
where an intravenous injection of ascorbic acld was
given along with sulfanilamide, 1t was possible to ad-
minister relatively large doses of sulfanilamide or its
derivatives wilthout provoking manifestations of intoler-
ance which these drugs generally cause when administer-
ed alone. Dainow and Zimmet (10) stated that toxiec
symptoms caused by sulfanilamide derivatives are the
result of a wvitamin C hypovitaminosis engendered by the
drugs and that appropriate administration of ascorbic
acid will alleviate the symptoms. Vauthey €1) attri-
butes to ascorblec acid the power of diminishing the
toxlcity of chemotherapeutic compounds. The literaturs
contains also several reports dealing with the adminis-
tration of ascorblc acid along with sulfanilamide, or
its derivatives, 1n chemotherapeutic studies (56) (33) (7)
(32) (34) .

Although the mouse and the rat have been used most
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frequently in experimental work in sulfanilamlde,
these animals are not sultable for vitamin C investi-
gatlions, lnasmuch as they cannot be fully depleted of
vitamin C. It was, consequently, necessary to use the
guinea pilg, whlch 1is susceptible to scurvy.

Because a search of the literature pertaining to
sulfanilamide failed to reveal an accurate determina-
tion of the acute toxic dose of the drug for guinea
pigs# a determination of this dose was undertaken and
was compared with the effect of the vitamin C content
of gulnea pigs on the acute toxic dose of sulfanilamide

for these animsls.
Experimental

In the determination of the acute toxic dose of
sulfanilamide, a single dose of the drug as a 20 per
cent suspension in water was adminlstered orally to
guinea pigs. The dose was calculated in terms of
grams per kilogram of body weight of animal. This
method of giving the drug was followed throughout all
of the experiments. All animals were observed for
seven days.

The toxic dose was determined 1n terms of LDgj,

which is the dose that is lethal for 50 per cent of

#In a personal commnication, Dr. G.M. Findlay
states that in his laboratories (unpublished data),
the LDgg of sulfanilamide in guinea pigs was found
to be 8.50 grams per Kilogram of body weight.
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the anlimals under the conditions of the experiment.
The calculations for its determination were carried
out according to the methods of Gaddum (18) and of

Bliss (4)(5).

Ascorbic acid (Cebione, Merck) was administered
Intraperitoneally Im water solution. The solution was
freshly prepared prior to each series of injections,
~and the pH was adjusted to approximately 7.4. The total
dose varied according to the experiment.

To determine the effect of vitamin C on the acutbe
toxiclty of sulfanilamlide, animals receiving large doses
of vitamin C and animals depleted of vitamin C were com-
pared with normal groups. To keep a group of guinea
pigs at a high vitamin C blood level, it was necessary
to inject the ascorblc acid solutlon several times
during the experiment. One series of animals.was, there-
fore, injected with ascorbic acid one-half hour prior
to the administration of the single dose of sulfanil-
amlde, one hour after the sulfanilamide was glven, and
again two and one-half hours after the sulfanilamide had
been given. A second group of animals receiving large
amounts of vitamln C was given a fourth injection of
ascorblce acld on the day of the sulfanilamide dosage
and three 1hjections daily for two successive days.

Each injection consisted of 10.0 mgs. of ascorbic acid.
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Inasmuch as there was no significant difference between
these two series of gulnea pigs treated with ascorbiec
acid, they were combined and referred to as the "high
vitamin C" group.

The depvleted guinea plgs were kept for ten days
on the diet descrlibed below, minus greens. Animals used
as normals for comparison were given the same diet as
previously. referred to.

Guinea plgs used in these experlments belonged to
both sexes and weighed approximately 300 grams. All ani-
mals were kept at least three days,after their arrival in
this laboratory, before being used.

The LDgg was determined for both fasting and non-
fasting animals. Non-fasting animals were fed on a diet
of mixed grains, cod liver oil, brewer's yeast (Flelschmann),
and greens ad lib. Food was removed from the cages of the
fasting animals about fifteen hours before treatment was
begun. In the case of depleted animals, the diet was the

same except for the removal of the greens.
Results

In Tables VII to X 1in the appendix, and in Table I
of the text, will be found the protocols for these ex-
%*
periments and the formulas used in the calculation of

the LDgg's, the slopes of the curves, and the slgnificant

#See Table I, p. 80, in Appendix
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TABLE I

SULFANILAMIDE MORTALITY OF FASTING AND NON-FASTING GUINEA

PIGS IN DIFFERENT STATES OF VITAMIN C NUTRITION

Non-Fasting Guinea Pigs Fasting Guinea Plgs
(May=-July, 1940) (August-November, 1940)
Dose-Gms. Mortality Per Cent Dose-Gms. Mortallty Per Cent
Per Kg. Mortality Per Kg. Mortallity
Normsl Animals Normal Animals
1. 3.90 3/4 75 3.87 10/11 o1
2. 3.56 1/4 25 3.35 13/14 93
3. 3.45 4/7 57 2,92 12/14 86
4, 3.38 19/23 83 2.58 24/31 77
5., 3.31 3/8 38 2.41 16/20 80
6. 3.21 1/4 25 2.24 4/11 36
7. 1.90 2/11 18
High Vitamin C High Vitamln C
1. 3.45 4/5 80 3.87 15/16 94
2, 3.38 15/30 50 3.35 16/19 84
3 2.92 17/19 89
4, 2.24 4/22 18
5. 1.90 7/22 32

Vitamin C Depleted

1. 2.58 6/ 86
2, 2.24 8/12 67
3. 1.90 4/13 31
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TABLE II

LDgn's OF SULFANILAMIDE FOR FASTING AND NON-FASTING GUINEA
PIGS IN DIFFERENT STATES OF VITAMIN C NUTRITION

kd
S

Groups b

LD 3 Range of LD
S0 95 Times 1n5?00

Non-Fasting Normals 7.90 ¢ 9.35 3.13 2.78 - 3.51

Non-Fasting High 91.75 #75.20 3.29 2.90 - 3.73
Vitamin C

FPasting Normals 7.77 £ 1.81 2.16 1.97 - 2.36
Fasting High

Vitamin C 7.65 ¢ 1.40 2.40 2,19 - 2.63
Fastling Vitamin 12.11 ¢+ 4.81 2,05 1.78 - 2,35
C Depleted

#A11 LD.~'s calculated with composite "b", which 1is equal
to 7.9?9 + 1.154
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TABLE III

SIGNIFICANT DIFFERENCE OF MEANS#* BETWEEN LDgn's OF
SULFANILAMIDE FOR FASTING AND NON-FASTING
GUINEA PIGS IN DIFFERENT STATES OF
VITAMIN C NUTRITION

Non-Fasting Fasting
Normals Vitemin C Normals Vitamin C VitaminC
Depleted
Non~- Normals -——— 0.56 4 .46 3.28 4,40
Pasting
Vitamln C| 0.56 ~——— 5.37 3.62 4,67
Fasting | Normals 4.46 5.37 ———— 1.51 0.61
Vitamin C§ 3.28 3.62 1.51 - 1.88
Vitamin C 4:-4:0 4:067 0361 1088 - -
Depleted

#Prob. = .01 (t=2.75) for 30 or more animals
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difference of means.
Discussion

Reference to Table II for the non-fasting and the
fasting groups indicates that the slopes of the various
determinations - which are a measure of the uniformity
of the animals used - do not differ significantly from
each other. Although the "b" value - slope - for the
non-fasting high vitamln C experiment was not accurate-
ly determined, the standard deviation of the slope 1s
so large that this "b" does not differ significantly
from the other "b's". Consequently, a welghted mean
"o" was calculated from the data presented in Table I
for all of the experiments, both in the fasting and in
the non-fasting groups. This composite "b" is here-
after referred to as 'Wg'. The LDg, for each one of the
different experiments was calculated by means of Bliss!
equation #28(5 ), with "1%" used in all instances.

In the non-fasting groups, the LDSO's were S.13
and 3.29 gfams per kilogram of gulnea plg for the normsl
and the high vitamin C animals, respectively (Table II).
Determination of the significant difference of means
for these values showed that they do not differ signifi-
cantly from each other when a probability of 0.01 and
a "t" (17) value of 2.75 are used (Table III). This
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means that there is only one chance in 100 that the dif-
ference 1n these LDg, values 1s not a result of normal
sampling error.

In the non~fasting groups, the LDgn's for the
normals, the high vitamin C, and the vitamin C depleted
gulnea pigs were, respectively, 2.16, 2.40, and 2.05
grams per kilogram of body welght of animal (Table II).
Here, to0, there was no significant difference between
any two of these values (Table III).

Reference to Table III shows, however, that there
is a highly significant difference between any value of
the non-fasting groups and any value of the fasting groups.
It is apparent, therefore, that fasting animals have a
lower LDgg for sulfanilamide than 4o non-fasting animals
and that, consequently, sulfanilamide is more toxic to
fasting than to non-fasting guinea plgs. It 1s further
obvious that the presence or absence of vitamin C in the
blood stream does not, at least under the conditions of
these experiments, affect the toxicity of sulfanilamlde.
(It is interesting to note that Marshall and Litchfield
(38), working with mice, have also found that the presence
or absence of food in the gastro-in?estinal tract in-

fluences the toxicity of sulfanilamide).

Summary

1. From these experiments, it can be concluded
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that vitamin ¢ has no influence on the acute
toxicity of sulfanilamide for guinea pigs.
The LDgy for fasting gulnea pigs is signifi-
cantly different from that for the non-fast-
Ing animals.

A total of 363 gulnea plgs was used in these

studies.
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THE TREATMENT OF A GROUP C STREPTOCOCCUS INFECTION

IN GUINEA PIGS WITH VITAMIN C AND SULFANILAMIDE
Inbroduction

The role of vitamin C in the infected animal has
been studied by many investigators, and excellent re-
views of the literature on this subject have been pub-
lished, (50) (46) (36) (19) (1) (47) (29) (41). Desplte the
numerous investigations on thls problem, opinion is
still divided as to whether vitamin C does or does not
give any degree of protection to the infected animal.
In reviewing the subject of vitamins and resistance
to infection, Robertson (50) stated that relatively
few investigators had brought forward evidence to the
oeffect that a deficiency of vitamin C does not lead
to a lower resistance to infection. She also stated
that numerous reports demonstrating the effect of vita-
min rich diets in clinlcal tuberculosls have been pub-
lished, but that 1t is impossible to decide what role
vitamin C plays in such treatment.

Perla and Marmorston (46) in their review con-
cluded that latent scurvy in animals and men 1s
associated with marked increase in their susceotibility
to drugs and bacterial toxins..,.the scorbutic state 1s

assoclated with increased susceptibility to svontaneous
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infection. They asserted that what part is due solely
to vitamin C deficlency, what part to under~-nutrition,
and what part to concomltant deficiencies of other
dietary factors is not well established. The authors
stated that Indications are that complete deficiency
may lower natural reslstance to subsequently induced,
acute infection. It has not been unequivocally es-
tablished what effect chronic insufficiency of vita-
min C in the dlet has on natural resistance.They end-
ed thelr review by saylng that the prophylactic or
therapeutic value of an excess of vitamin C needs fur-
ther confirmation through experimentation.

Mandillon (36) asserted that sub-acute deficiency
of vitamin C may cause syndromes which clinlcally have
no relationship with frank deficiency. He stated, fur-
ther,that vitamin C is not a universal panacea but that
it can be used to aid in restoring health in many in-
stances.

On the other hand, A. Giroud (19) said that the
activity of the organism; that 1s, exerclse, fever,
hormone action (thyroxin), increases destruction of
the vitamin. "There is a manifest relationship", he
stated, "between ascorbic acid content and phenomena
of recuperation......As one can See, ascorbic acld

and certaln of its derivatives constitute a therapeutic
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element of the first order, whether one utilizes it
as a pharmacological agent or as a vitamin." |

According to Abt and Farmer (1) and King (29),
vitamin C seems lmportant in increasing immunity, re-
sistance, and wound healing.

Peters and Davenport (47) asserted that it is
quite clear to an impartial observer that no case has
yet been made out for ascorbic acid as an anti-toxle
agent per-se; that ls, apart from 1ts influence as an
antiscorbutic agent. They continued by stating that
there is no evidence from animal experimentation that
saturation, as such, matters. They added that as a
qualification to this Perla reported one unpublished
experiment indicating that extra vitamin C protected
guinea pigs agalnst trypanosome infection.

In his recent review of the subject, McCullough (41)
made the following statements: "....1t was felt that
guinea pigs on a vitamin C deficlent diet for longer
than one week prior to inoculation were useless as test
animals, since the acute scurvy itself would limit the
length of survival and mask any effects of the lnfectlous
agent.

"As pointed out in the historical review, the role
of vitamin C in resistance to infection has been ob-

scured by the techniec of investigation. Most previous
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workers have used virulent organisms for experimental
purposes. The experimental animal would then die

from a suimation of the injuries - the infectious
process and the vitamin deficlency. As stated earlier,
the author does not feel that such a technlic gilves re-
sults that can be satisfactorily evaluated. A scor-
butic gulnea pilg 1is a very sensitive animal. Almost
any injury in addition to the existing injury of the
vitamin C deficiency will result fatally for the ani-
mal.

"Avirulent human strains that did not produce
infection in guinea pigs on a vitamln C adequate diset,
produced minor abscesses in the extremely scorbutic
guinea pig. Animals with a subacute scurvy dild not
develop infection. The slightly more virulent animal
stralns, which produced transient abscesses in the
control animals, gave a more severe degree of infection
in the vitamin C deficient guinea pigs. The lesions
persisted and the guinea pigs died sooner than d4ld un-
infected vitamin C deficient animals. A severe scor-
butus was necessary before a drop in resistance to
Bacterium necrophorum became evident."

If it 1s assumed that an adequate vitamin C level
is an important defensive mechanism in the infected

host, the observation by Dainow and Zimmet (0 that
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the ingestion of sulfanllamide causes a diminution

in the vitamin C content of the testicles, liver and
brain of all the anlmals treated is highly significant.
Furthermore, Dalnow (9) reported that the purpuras,
gingival hemorrhages, gastro-intestinal disturbances,
cutaneous eruptions, hematurias, epistaxis and anemia
all resulting from sulfanllamide therapy, are each
characteristlic sligns of scurvy, and that the concoml-
tant administration of ascorbic acid prevents these
toxic manifestations. Moreover, Mouriquand et _al.(44)
reported a scurvy=llike syndrome resulting from doses
of 0.5 gm. of sulfanilamide per kg. of body weight.

On the other hand, Vauthey (61) attributes to ascorbic
acid the power of diminishing the toxlclty of chemo=-
therapeutic compounds.

Search of the available literature pertaining to
the administration of vitamin C with sulfanilamide or
its derivatives in experimental animals revealed only.
the reports of Steinbach and Duca (56) and the associ-
ates of Mellon (7)(52)(53)(54). Steinbach and Duca
found the administration of sulfapyrlidine alone or in
conjunction with vitamin C to be ineffective 1in the
treatment of guinea pigs infected with human tubercle
bacilii. Locke et al. (32) (33) (34) reported that in

rabbits infected with the type I pneumococcus
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and treated with sulfanilamide, the administration of
vitamin C lowered the mortality rate. However, when
the rat was used as the experimental animal, Cooper
and Gross (7) did not find that the administration of
vitamin C in addition to sulfanilamide had any effect
on the mortality rate in type II pneumococci infections.
On the basls of the above observations, it was be-
lieved that an experimental lnvestigation of the re-
lationship between vitamin C and sulfanilamide in the
treatment of an infectious disease should prove of in-
terest. Since Seastone (54) had reported that group C
streptococcl infections in guinea pigs were amenabls to
sulfanilamide therapy, it was concluded that this com-
bilnation of organism and experimental animal would be
the most effective to employ, because guinea pigs, in
contrast to rats and mice, can be depleted of vitamin C.
Admittedly, it is more desirable to use a group A strepto-
coccus as the infecting agent, but gulnea pigs are not

usually susceptible to the human strains.
Experimental

Grouping of animals: One hundred and ninety-one

guinea pigs of both sexes weighing between 250-400 grams
were grouped as follows according to the treatment re-

ceived:
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Infected Animals:

Group I - 30 animals not receiving ascorbic
acid or sulfanilamide (infected
controls)

Group IT « 30 animals recelving sulfanilamide

Group III - 30 animals receiving ascorbic acid

Group IV 30 animals receiving ascorbic acld

and sulfanllamide

Group V - 20 animals depleted of vitamin C
(for 10 days)

Group VI 20 animals depleted of vitamin C

(for 10 days) and receiving sulf-
anilamide
Non-infected Animals:

Group VII = 7 animals depleted of vitamin C
(for 10 days) and untreated

Group VIII- 24 normal animals
Diet: The diet of all animals, except those in the de-
pleted groups, was prepared dally and consisted of the

followlng ingredients:

Rolled oats 100. gus .
Cod liver oil 1. gme
Brewer's yeast(Fleischmann) 0.5 gm.
Sodium chloride 0.25 gm.

This diet was supplemented with water and green food
ad 1lib. throughout the experiment.

The animals in the depleted groups (V,VI,VII) were
given a similar dist except that for three days preced-
ing inoculation and for seven days thereafter green food

was eliminated from the diet. On the eighth day after
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inoculation, green food was agaln given to these ani-
mals. In this way, deaths from scurvy in the inocu-
lated animals were avoided as attested by the fact
that the animals in the control group (VII) were in
good health without loss of weight or appetite at the
end of the experiment even though the blood level of
vitamin C was low. Normal control animals (group VIII)
were kept under the same conditions as the experimental
animals, and all survived the experiment, indicating
that intercurrent infections probably did not play a
part in the experimental results obtained. Depletion
of the animals by withdrawal of greens three days be-~
fore inoculation is ample time to remove ascorbic acid
from the blood, inasmuch as previous titrations in these
laboratories have shown that only traces of ascorbic
acid can be detected in the blood 24 hours after elimi-
nation of greens from this gulnea pig diet.

Infective agent: All animals in groups I to VI were in-

oculated subcutaneously with a 19-24 hour broth culture
of a group C hemolytic streptococcus®* containing from
4 to 16 million organisms per cc: (12/3/40 - 4,200,000
per cc., 12/12/40 - 16,160,000 per cc., 1/14/41 -
4,000,000 per cc.). One-tenth cc. of the broth culture

#*I am indebted to Dr. J. Howard Brown of the
Johns Hopkins Medical School for typing thils
organism.,
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per 100 grams of body weight of the animals was in-
Jeeted. The streptococcus, which was isolated from

the heart!s blood of a naturally infected guinea pig

in the laboratory colony, fermented sorbitol but not
trehalose and was thus classed as an animal group C
streptococcus. It was heavily encapsulated and occurred
most frequently in elther grape-like clusters or with
occasional chains contalning from three to ten cocecl.
The straln used to inoculate all experimental animals
had been rapidly passed through three gulnea plgs to
enhance the virulence of the organism. When this or-
ganism was iInjected subcutaneously into guinea pigs,
septicemic death in more than fifty per cent of the ani-
mals occurred within 72 hours (Table I). Occasionally,
the infection assumed a more chronic course with the
production of abscesses under the pericardium, in the
inguinal and cervical lymph nodes, and at the siteof
inoculation. The streptococcus was always lsolated
from these abscesses.

Culture medium: All cultures for inoculation and sub-

cultures for 1solation of the organism at autopsy were
grown in an infusion broth having the followlng com-
position: beef infusion, 1000c¢c., bacto neopeptone,
20 grams; sodium chloride, 5 grams; and dextrose,

5 grams. The reaction was adjusted to pH 7.6 before
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autoclaving.

Administration of Ascorbic Aclild and Sulfanilamide: An

aqueous solution of ascorbic acld containing 15 mgms.
per cc., and an agqueous susbension of sulfanilamide
containing 50 mgms. per cc. were prépared each time
immedlately before feeding these substances to the ani-
mals. Guinea plgs receiving both ascorblc acid and
sulfanilamide were fed an aqueous mixture contalning

15 mgms. of ascorbic acid plus 50 mgms. of sulfanil-~
amide per cc.

One hour after the infectlive agent had been in-
oculated, each animal received 1 cc. of the ascorbic
acid solution, 1 cc. of the sulfanilamide suspension,
or 1 cec. of the ascorbic acid-sulfanilamide mixture ac-
cording to the groups into which the animals had been
divided, as previcusly descrlbed. The animals were fed
perorally by means of a small rubber catheter attached
to a suitable glass syringe. Approximately three and
one-half hours later, the inltial dosage was repeated;
and this, in turn, was followed by a third dose three
and one-half hours after the second. This schedule of
feeding was repeated for the two days following in-
fection, but on the fourth, fifth, seventh, and elghth
days following infection, only 1 cc. of ascorbic acid,

sulfanilamide, or 1 cc. of the mixture was fed per diem.
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The dosage of sulfanilamide used here was chosen
on the basis of the results of several workers (54) (49)
(2) (55) . The ascorbic acid doses employed were based
on blood titrations made in previous work in these labo-
ratories and were calculated to produce a high vitamin C
blood level of approximately 3.5 mgms. per cent at the
time the blood of the gulnea pigs had its highest sulf-
anilamide content.

Because of the number of animals involved, 1t was

found necessary to divide the work into three separate

experiments. In the first experiment, there were 10
animals in each of the groups I, II, III, and IV; in
the second experiment, there were 12 animals 1n each
of the groups I, II, IITI, and IV; in the third experl-
ment, there were 8 animals iIn each of the groups I, II,
IITI, and IV; 20 animals in each of the groups V and VI;
7 animals in group VII; and 24 animals in group VIII.

The time interval between the first and last ex-
periments was approximately six weeks, but since the
virulence of the organism and the sensltivity of the
animels to the drugs during this time did not change
as indicated by the control animals included in each
experiment, 1t was considered valld to combine the re-
sults of these three series of experiments, as shown in

Table 1.
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After inoculation, the number of deaths during
each eight or twelve hour period of the experiment was
recorded as indicated in Table I. All dead animals
were autopsied, and a loopful of the heart's blood was
inoculated into Infusion broth which was incubated at
37°C. until growth appearsd except as noted below.
Streptococci were observed in 111 cultures (94.0 per
cent), while two cultures (1.7 per cent) contained
gram positive bacllli, and five (4.3 per cent) were
sterile.

All animals were observed for a period of two weeks
(336 hours) which was arbitrarily considered the end point
of the experiment, inasmuch as observations continued for
several weeks following this two-week period did not sig-

nificantly change the results.

Results

The combined results of the three experiments with
the inoculated animals (groups I-VI) are presented in
Table I and Figure I.

The results for the two=-week observation period
have been calculated as per cent mortality and as
weighted mean survival time for each group. The ner
cent mortality does not give an adequate picture of

the results, since animals dying at the beginning and
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TABLE I

SURVIVAL TIMES OF INFECTED CONTROLS
AND TREATED GUINEA PIGS

Observation
Perlod

H Group I Group II Group III Group IV Group Group VI
0 Gon- Sulfanil- Ascorbic. Ascorbic Deplet- Depleted
U trols amide Acid Acld and ed Con- Sulfanil-
R Sulfanil- trols amide

S -amide

Py

)
@

II 40

III 64

Iv 88

VII 160

180
VIII 192

204
IX 216

c28
X 240

292
XI 264

276
XII 288

~ 300
XIII 312

o4
XIV 336
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Per Cent
Mortality 96.7 40 100 ' 50 100 60

Total
Hours
urvival 2,616 7,884 2,096 7,824 1,648 4,484

elghted .

vival (26.0}?5) (78.2%) (20.8%) (71.4%) @4.5%) (66.7%)

Time in
Hours

(See Appendix, Table XI---for Complete Data)
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TABLE II

SIGNIFICANT DIFFERENCE OF MEANS FOR EVERY
PAIR OF GROUPS OF INOCULATED ANIMALS

Group Group Group V. Group II. Group IV. Group VI.

I. Con- III. Deplet- Sulfanil~ Ascorbic Depleted

trols Ascor- ed Con- amide Acid and Sulfanil-
ble trols Sulfanil- amide

Aclad amide

Group I.
Controls - 1.2 0.3 7.9 6.5 10.0

Group III.
Ascorbic
Acid 1.2 - 008 809 7.6 1301

Group V.
Depleted
Controls 0.3 0.8 - 8.0 6.5 9.5

Group II.
Sulfanil-
amide 7-9 8.9 8-0 - - 008 1;8

Group IV.

Ascorblc

Acid and

Sulfanil- 6.5 7.6 6.5 0.8 —— 0.8
amlde

Group VI.

Depleted

Sulfanil-

am.ide 10.0 13-1 905 1.8 008 -
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at the end of the experiment are given equal weight.
However, a much more accurate picture of the results
is obtained by using the welghted mean survival time,
inasmuch as by this method animals are then weighted
according to their respective survival times. The
weighted mean survival time for each group was calcu-
lated by multiplying the time interval elapsing be-
tween inoculation and death of the animals by the
number of animals dying in this interval. The number
of animals 1lving at the end of the experiment was
multiplied by the total observation time of 336 hours.
The sum of the products thus obtained was divided by
the total of number of animals used in the group.

The data presented in Table I have been graphi-
cally portrayed in Figure I, so that one may niore readily
comprehend the difference 1n survival times of the ani-
mals in the wvarlious groups.

In order to determine whether the differences in
the survival times of the various groups were statisti-
cally significant, the significant difference of means#
(17) was calculated for every pair of groups of lnocu-
lated animals. The results of these calculations are

presented in Table II.

s Th Mo
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FIGURE I

COMPARISON OF THE SURVIVAL TIMES OF GUINEA

PIGS INFECTED WITH GROUP "C" STREPTOCOCCI
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I Untreated II Sulfanilamide Only
ITII Ascorbic Acid Only VI Vit. C Depl. and Sulf.
v Vitamin C Depleted IV Asc. Acid and Sulf.
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This table has been arranged so that one can de-
termine whether or not the difference in weighted mean
survival time of any two groups of animals in the ex-
periment 1s statistically significant. Any figure
larger than 2.9 1s considered to indicate a significant
difference, since with groups of 20 or more animals,
this figure gives a probability of only 1 in 100 that
the difference would arise by chance (17).

From Table II 1t will be observed that in these ex-
periments, the only significant difference in survival
time occurs between those groups receiving (II, IV, and
VI) and those not receiving (I, III, and V) sulfanil-
amide. The presence or absence of ascorblc acid 1ln ani-
mals also receiving sulfanilamide (Groups IV and VI) did
not significantly change the survival time in comparlison
with the normal group (I) recelving sulfanilamide only.
Furthermore, there is no significant difference between
the control group (I) and the group receiving ascorbilc

acid only (III), and the depleted control group (V).
Discussion

The results of these experiments, establishing the
effectiveness of sulfanilamide 1n the treatment of group
C streptococci infections in gulnea plgs, confirmed the

results of Seastone (54).
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Locke et al. (32)(33)(34) reported that in rabbits
infected with type I pneumococci, the administration of
ascorbic acid in addition to sulfanilamide lowered the
mortality rate. While these results do not agree with
those reported in this paper, the experiments are not
comparable, because these workers used a different or-
ganism and test animsal.

While the results 1n the present- report showlng
that ascorbic acid has no effect agree with thése of
Cooper and Gross (7), again a comparison is not valid,
because these workers used a different test organism
and animal.

All availlable articles studled revealed that no
work has been previously reported showing the thera-
peutic effect of sulfanilamide on vitamin C depleted
animals.

In regard to the in vitro effect of vitamin C on
the bactericidal power of sulfanilamide, it was recent-
ly reported that ascorbic acid has no effect on the drug
(26) .

In view of the controversy regarding the relation-~
ship between vitamin C itself and resistance to in-
fection, it was considered of interest to observe whether
there was any difference in the survival time of the ani-

mals recelving ascorbic acid (III), those depleted of
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ascorbic acid (V), and those in the control groups with
so-called normasl blood levels of ascorbic acid (I). Al-
though the weighted mean survival times of these groups
were 69.87, 82.40, and 87.20 hours, respectively, these
differences are not statistically significant (Table II);
they indicate,rather,that the blood level of vitamin C
apparently has no effect on resistance to infection, at
least under the condition of these experiments.
Robertson (50) and Perla and Marmorston (46), in
consldering the effect of vitamin C on infection, point
out that a great deal of the work which has been done
on this problem loses much of its weight, because the re-
sults were not statisticslly significant. In the experi-
ments reported in this paper, a sufficient number of ani-

mals were used to obtain significant results.
Summary

1l - In 160 gulnea pigs infected with a group C
streptococcus, the course of the infection and
the effectiveness of sulfanilamide were studled
in relation to the vitamin C content of the anl-
mals. Thirty-one non-infected animals with a
normal or low vitamin C content were 1ncluded
ag controls.

2 = The weighted mean survival time for the varilous
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groups of gulnea plgs was determined at the
end of 14 days (336 hours) of observation.
Sulfanilamide was effective in the treatment
of group C streptococci infections in guinea
pigs, but neither high ascorbic acid content
nor 10 days of vitamin C depletion influ-
enced the effect of sulfanilamide.

In the absence of sulfanilamide trestment,
the course of the infection as measured by
survival time was not influenced by eilther
high ascorbic acid content or by 10 days of

vitamin C depletlon.
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TABLE I

FORMULAS

Logarithm- of the dose to the base 10
Normal deviation equivalent to the percentage
mortality

<4 M
"

x = The welighted means of the observed values of x

¥y = The weighted means of the observed values of y

n = The number of animals receliving the same dose

LDgy = The dose corresponding to 50 per cent of responses

b = The slope of the line connecting y and x

B = The 'weight factor' corresponding to the observed
result

a = The theoretical standard deviation

S(-) = The sum of all values of any expression includ-

ed 1n the bracket

)

X =S (BDX)

Y = s(Bny)
S{Bn) SiBn;
b = slope = S!Bgz(x%iq
Bn (x-x)<%]
log m = X - g_ (y=N.E.D.)= WEIGHTED LDgq

t 4
Tp = 1 = varilance
SiBn(x-X

Y 2 S [L(E'z]l]

T

L
b = S[b%a-z }]
[4 . C—TL:'

LDgy * 2 std. deviations (Bliss-equation #28)

log LDsg = X = X + B (¥-a + t I[V(b) (¥-a)” + V(a)[b -t v(b)}
%0 F‘“‘V)(BT = b - t*v"'('ETL“ e

a =7
¥ = 5.000

t = 1.96 (Fisher)

t” = 3.8414

V(b) = 1 = crz = variance
V(a) = 1 = 1

' SW 3Bn

Bliss, C.I. (5)
Gaddum, J.H. (18)
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TABLE II-

PLASMA VITAMIN C LEVELS IN GUINEA PIGS AT
STATED TIMES AFPTER FEEDING GREENS

Dates Time of Do- Mg.Per Dates Time of De- Gm.Wt. Mg.Per

termination Cent termination Sex Cent Asc-
in Hours Vita- in Hours orbie
after Feed- min C after Feed- Acid
ing Greens ing Greens
(ad 1ib.) (ad 11b.)
3/22/40 3-6 0.69 4/18/40 15-17 300-F 0.18
to 0.21 315-F 0.16
4/8/40 0.33 321-F 0.24
inecl. 0.29 316-F 0,18
0.31 260-F 0.06
0.33 320-F 0.18
0.66
0.32 Mean ~ 0.16
0.24 s.d. - 0.06
0.60
0.17
0.35 4/27/40 2-3 412-M 0.65
0.26 300-F (.53
0.36 243-F 0,72
0.53 314-F 0.23
0030 372“H 0026
0.52
0.76 Mean - 0.53
0’57 s8.d. - 0026
0.39
0.25
0.17 5/7/40 4-6 549-F 0.28
0.37 448-F 0.,71
0.46 442-F 0.45
0.42 478-F 0,72
0.26 473-F 1.67
0.42 321-F 0.85
0.42 320-F 0.68
0.51 228-F 0,32
Mean - 0.38 355-F 0.90
s.de - 0.15 405-F 0.06
Wt. range: 300-450 gms. 471-F 1.63
Mean - 0.72
s.d. - 0.51
5/29/40 19-20 475-% 0.81
342-F 0.12
352'“ 0.25
587-F 0.02
307~-F Q.11
329-F 0.11
317-F 0.35
300-F 0.15
268-F 0.23
312-F 0.07
316-F 0,10
310-F 0.13
327-F 0.10
266-F 0.02
308-F 0.19
267-F 0.l1
319-F 0.23
309-F 0.11
220-F 0.15
305-F 0,08
Mean - 0.14
s.d' - 0-08

6/3/40 42-44 301-M 0.29

{no greens) 362-M 0.08

{on Sunday) 317-M 0.10

270-M 0.44

345-M 0.05

327-M 0.23

318-M 0.17

342-M 0.16

395-F 0.30

312-M 0.17

320=-F 0.11

345-M 0,17

348-F 0.12

327- 0.00

340-M 0.11

432-¥ 0.10

422-M 0.19

368~M 0.26

200-M 0.05

290-F 0.08

302-F 0.07

354-F 0.23

302-¥ 0.00

280-F 0.08

307-F 0.09

332-F 0.1l1

298-M 0 -08

340-F 0.35

277-M 0.11

302-F 0.22

302-F 0.35

314~-F 0.23
For All Animals

Welghted Mean

Standard Deviagtion

Standard Error

(1086) -

0.30 mgo% Mean - 0.16
0020 S.d. = 0.11
0.02



TABLE III

VITAMIN C AND FREE SULFANILAMIDE CONTENT
OF BLOOD PLASMA OF GUINEA PIGS
AFTER 6 DOSES OF SULFANILAMIDE #*
Date Gm.Wt, Mg. Per Cent Mg. Per Cent
Sex Vitamin C 20 Sulf. 20 Hours

Hours After 1lst After lst Sulf.
Sulf. Treatment Treatment

l. 4/9/40 301-F 17 29.0
2. 330=M W42 18,0
3. 413=-F .15 53.0
4. 427-F .13 19.0
5. 414-M .33 11.0
6, 420~-F «20 12.0
7. 421-M .32 13.0
8. 430-F .27 15.0
9., 4/15/40 266-F .11 27.0
10, 306=F .10 31.5
11. 371-M .08 27 .6
12, 389-M .22 19.7
13. 482-F 14 20,3
14. 433-F .04 27.3
15. 542-M .06 26.3
16. 336-F W11 0.0
17. 2901 -F .06 39,0
18. 22-F .11 49.7
19. 270=F .09 32.3
20. 294 -F .07 36.9

#15 gms of sulfanilamide suspended in 100.00
cc. of HoO - 32,3 mgs. sulfanilamide per
100.00 gms of guinea plg per dose.



TABLE IV

VITAMIN C AND FREE AND TOTAL SULFANILAMIDE
CONTENT OF BLOOD PLASMA OF GUINEA PIGS

AFTER 6 DOSES OF SULFANILAMIDE##

Date  Gm.W&. Mg. Per Cent

Mg. Per Cent Gm. Wt.

#Sulfanilamide Mg. Per Cent

PFPree Sulfan-

Total Sulfan-

Sex Vitamin C in Vitamin C After 20 Dose To Star- Vitamin C 20 1lamide 20 ilamide 20
Normal Un- After 20 Hours ved Guinea Hours aftey Hours after Hours after
treated Guinea Hours Star-  Starvation Pigs 1st Sulf, Dose 1st Sulf. 1st Sulf.
Pigs vation Dose Dose
1. 5/7/40 B549-F 0.28 0.09 487 1.00 cc. 0.02 25.2 mg. % 35.1 mg.%
. 445-F 0.7 0.16 385 0.83 0.00 59.7 69.0
3. 442-F 0.45 0.10 410 0.88 0.00 40.4 48.2
5. 473-F 1.67 0.15 432 0.92 0.00 35.1 41.2
6. 321-F 0.85 0.02 274 0.59 0.00 42.6 48.2
7. 320-F 0.68 0.06 292 0.63 0.00 19.9 23.8
8. 283-F 0.42 0.14 255 0.55 0.06 26.3 31.5
9. 355-F 0.90 0.18 306 0.66 0.00 39.6 45.5
10. 405-F 0.06 0.16 352 0.76 0.00 59.7 75.5
11. ' 471-F 1.63 0.26 412 0.89 0.00 23.2 4B
12. 5/29/40 457-M 0.21 - 0.03 444 0.96 0.00 £22.9 44.3
13. 342-F 0.12 0.00 326 0.70 0.00 16.4 21.7
14, 352-M 0.23 0.00 350 0.75 0.09 23.9 31.5
15. 337 -F 0.02 0.00 327 0.70 0.09 20.5 37.0
16. 329-F 0.11 0.00 306 0.63 0.05 14.5 37.4
17. 317-F 0.35 0.04 292 0.66 0.00 17.5 25.1
18. 300-F 0.15 0.00 280 0.60 0.00 15.1 37.7
19. 268-F 0.23 0.00 255 0.55 0.30 9.6 25.3
20. 312-F 0.07 0.00 282 0.60 0.07 14.%7 29.2
21. 316-~-F 0.10 0.00 260 0.62 0.00 156.5 31.7
22, 256-F 0.02 0.00 245 0.53 0.10 17.0 33.1
23, 308-F 0.19 0.00 281 0.60 0.06 17.9 .48.8
24, 267-F 0.11 0.00 249 0.54 0.02 19.4 - 59.6
25, 319-F 0.23 0.00 280 0.60 0.05 12.3 45.5
26 309-F 0.11 0.00 288 0.62 0.11 58.1 61.5
27. 290-F 0.15 0.08 266 0.57 0,10 22.9 89.2
28, 305-F 0.08 0.00 290 0.62 0.05 24.1 65.5

##Animals were fed ad 1ib. 1 hour after 1lst sulfan-
amide was given as follows-

1lamide dose.

Hours-0,3, 7, 11, 15 19, =23, 27, 3l.

3

(For method of sulfanilamide determination see (6))

#15 gms. of sulfanilamide suspended in 100.00 ce. ‘of
H20 - 32.3 mgs. sulfanllamide per 100.00 gms. guinea

pig per dose.

85.
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TABLE IV-A

VITAMIN ¢,FREE AND TPOTAL SULFANILAMIDE CONTENT
OF BLOOD PLASMA OF GUINEA PIGS AFTER 6
'DOSES OF SULFANILAMIDE#

Date Gm.Wt. Mg. Per Cent Dose Mg.Per Cent Free Total Sulf.
Sex Vitamin C Sulf. Vitamin ¢ - Sulf. 20 Hours
Prior to Sulf. in 20 Hours 20 Hours after lst
Dosage CCe after 1st after 1lst Sulf. Dose
B Sulf .Dose Sulf.Dose ——
1. 6/3/40 301-M 0.29 .65 ce. 0.01 33.0 mg.% 40.8 mg.%
26 362-M 0.08 .78 0.00 34.8 53.4
De 317-M 0.10 .67 0.00 44 .2 60.6
4, 270-M 0.44 58 0.00 33 .7 51.0
S. 345-M 0.08 74 0,00 . 27.3 45.8
60 527"M 0023 070 0000 2709 43 '4
80 395"F 0050 085 0.00 36.9 44 ’2
90 312"'M 0017 06‘7 0.00 2().0 29'6
100 320-F 0011 069 0.01 1905 31 '2
11. 345-M 0.1%7 74 0.00 32.8 40.6
12. 348-F . 0,12 S 4 ) 0.00 17.3 28.8
13. 327-M 0,00 .70 0.00 28.4 50.5
14. 432-M 0.10 .93 0.00 25.8 28.8
150 422"“ 0019 091 0.00 38.0 43.5
16. 368-M 0.26 .80 0.00 30.0 39.0
1‘7 ) 302 -F 0 007 065 0 .OO 24 07 44 04
18, 354-F 0.23 «80 0,00 36.4 40.0
19 . 502"F 0 .00 065 0 000 25 05 26 05
20. 307-F 0.09 .66 0.00 30.0 4.1
21 . 352"F 0011 .71 0.00 5907 77'9
22. 298-M 0.08 64 0.00 62.5 80.5
23, 340-F 0.35 73 0.05 35.1 56 .8
25. 302-F 0.35 «65 0.07 33 .6 40,7
26 ° 314"F 0 025 067 0 003 20 04 22 04

#15 gms. of sulfanilamide suspended in 100.00 cc.
of HoO - 32.5 mgs. sulfanilamide per 100.00 gms.
gulnea plg per dose.
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TABLE V

85

VITAMIN C AND FREE SULFANILAMIDE CONTENT OF THE
BLOOD PLASMA OF GUINEA PIGS UNTER DIFFERENT

CONDITIONS OF ASCORBIC ACID TREATMENT

Date Gm.Wt. Mg. Per Cent Mg. Per Cent Mg. Per Cent
Sex Vitamin ¢ in Vitamin C 20 Sulf. 20
Ascorbie Acld Hours after Hours after
Depleted 1st Sulf. 1st Sulf.
Guinea Pigs Treatment Treatment
4/19/40 430-M 01 .13 15.5 #
416-M 04 .00 13.4 .2
361"“ 003 000 4 07 5
411-M «03 01 14.2 4
480-M 04 «06 16.3 5
453-M .00 .00 17 .4 6
4/27/40 282-F .10 .04 20.0 v
288-F 002 .00 15 02 8
233-F 04 .00 19.0 9
252=F 18 «00 14.2 12
Date Gm.Wt. Mg. Per Cent Mg. Per Cent Mg. Per Cent
Vitamin C in Vitamin C 20 - Sulf. 20
Normal Un- Hours after Hours after
treated lst Sulf. 1lst Sulf.
Animals # Treatment Treatment
4/19/40 315-F .16 1.79 9.2 #1
516‘? 018 . 91 20 00 3
260-F .06 1.71 20.3 4
320-F 18 .78 17.8 5

#10 mg. vitamin C 1i.p. - 2% hours after lst dose
and every 4 hours thereafter.

#2.5 mg. vitamin C sub. cut. along with the
sulfanilamide per os.

Date Gm.Wt. Mg. Per Cent Mg. Per Cent Mg. Per Cent
Sex Vitamin C in Vitamin C 20 Sulfi- 20
Normal Un- Hours after Hours aften
e Animals Troatment Treatmént
4/27/40 412-M «65 .80 14.3 #6
243-F 72 1.52 19.4 8
314-F 23 .73 11.8 9
307 -M 82 1.89 15.9 10
572"‘“ K] 20 ™ 57 15 04 11



MORTALITY OF GUINEA PIGS FED SULFANILAMIDE

UNDER VARYING CONDITIONS

TABLE VI

86,

13 days
. Dally Depleted
Dose in Log Normal Guinea Plgs Normal Gulnea P:i;‘g_g. High Vitamin C Animals Vitamin C Vitamin C Animals
Gms . Dose Non-Fasting Fasting Non-Fasting Tasting “Fasting = Non-Fasting Fasting
For Ke. 5/22 6/24 7/8 /24 9/1 10/15 11/1 11/13 11/16 11/18 6/24 7/8 7/24 9/1 10/15 11/1 9/1 10/15 11/1 6/24 9/1 10/9
1. 3.90 .5911 3/4 6/7 4/4 o 6/7 4/4 5/5
2. 3.87 5877
3. 3.56 .5514 1/4
4. 3.45 .5378 4/7 4/5 5/6
5. 3.42 5340
6. 3.38 5289 8/10 1143 3/5 4/15 8/10 5/56
7. 3.35 .5250 5/5 8/9 3/5 8/9 5/5
8. 3.31 5189 3/8 5/5
9. 3.21 .5065 1/4
10, 3.16 «4997 /7
11. 2.92 .4654 6/7 6/7 5/7 "1/17 5/5
12, 2.86 «4564
13. 2.73 «4362 5/5
14. 2.58 4116 17/24 7/7 6/
15, 2.41 +3820 16/20
16, 2.24 +3502 4/11 1/11 3/11 3/7 5/5
17. 2.04 +3096
18. 1.90 .21788 2/11 4/11 3/11 0/5 4/8
19. 1.72 2355
20, 1.65 2175

o/7
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TABLE VII

PROTOCOLS FOR THE DETERMINATION OF THE LDgq's FOR
NON-FASTING. NORMAL AND HIGH VITAMIN C

GUINEA PIGS
Dose in Log No. of Per N.E.D. Weight. (3x6) (7x2) (7x5) (9x10) (‘7x(10)2)
Grams Dose Guinea Cent Coeff.
Per Kg. Pigs Re-
sponse 2 - _2
X n _ Y B Bn Bnx _ Bry (x-X) log(x-X) Bny(x-X) Bn(x-X)

Non-Fasting 'Normals

May-July 1940

1. 3.45  .5378 7 57  .1764  .627 4.389 2.3605 7742 .0045  5.3064 .00348  .00009
2. 3.38  .5289 23 83  ,9542  .439 10.097 5.3280 9.6345 -.0044 5.2870  -.04239  .00020
3. 3.31 .5198 8 38 -.3055 .616 4.928 2.5§167 -1.5055 -.0135 4.2606 02032 -00090
4. 3.21  .5065 4 25  -.6745 .532  2.128 1.0970 -1.4350 -.0268 4.8562 .03845 00153
5. 3.56  .5514 4 26 -.6745 .532 2,128 1.1%50‘1 -1.4350 .0181 4.5154  -.02597  .00070
6. 3,90  .5011 4 75 .6745  .532 2:128 11:2580 1:4350 .0578  3.5238 :89653 :oggzl
X = .5333
b = 7.898 y = 2896
gl= 9.35

‘Non-Fasting High Vitamin C

1. 3.45 5378 5 80 «8416  .503 2.515 1.3536 2.1166 .00767 5.7696 01623  .00015
2. 3.38 .5289 30 50  .0000 .637 19.110 10.10%70 0.0000 -.00123 6.1798 .00000 .00003
21.625 11.4606 T.1166 01625  .00018
X = .53013 ¥ = 097892
b = 91.75

ol 75.2
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TABLE VIII

PROTOCOLS FOR THE DETERMINATION OF THE LDgp's FOR
VITAMIN C DEPLETED, NORMAL, AND HIGH

~

VITAMIN C GUINEA PIGS

Dose in Log No. of Per N.E.D. Weight (3x6): '._.(7122) (7x5) (9x10) ('7x(10)2)
Gms. Per Dose Gulnea Cent Coeff. T
Kg. Pigs Re-~ -
sponse - 2
X n v B Bn Bnx 2 Bny (x-xX) 1og(x-§§ Bny (x-Xx) Bn (x-x)
Pasting-Vitamin C Depleted Guinea Pigs .
1. 2.58  .4116 7 8  1.08058 .439  5.073 {1.266 gooi8 o002 2.808¢  .266%0  .01981
3. 1.90 .2788 13 31 -.4959 .581 7.553. 2,118 " mwrm ’ - ~
'm N ' N 3 [ B & w - L ] ®
X = 5,906 = .3313 Yy = 2.742 = .1538
b = .52297 = 12.11 oe _m%_gr = 23.14 o, = 4.810
Pasating Normals
1. 3.87  .5877 11 91 1.3408 336  5.69 2.172 o:996  .1758 2ol o Y
2. 3.35 5250 14 93" 1.4758  .267 3.740 1.965 glga1  .0535 % 4568 Ta554 *01760
4. 2.58 .4116 31 Vs 0.7388  .532 16.492 6.788 "gliew ..0299 Z.9514 -.2532 " 00899
5. 2.41 3820 20 80 0.8416  .503  10.060 3,841 _5'swg -.0617 %5806 ‘1462 S02517
6. 2.24 3502 11 36  -0.3585 .601  6.611 2.316 _5'w4z -.1331 50484  .6314 09179
7. 1.90 .2788 1 18  -0.9154 .471 5,181 ; 1.444 X5awg * : :
1. ;:21.35, . ¢ . ¢ ¢
T = .4119 ¥ = -59%07
b = 7.768 o] = 3.2723 o = 1.809
Fasting High Vitamin C
1. 3.87  .5877 16 94  1.5548 .238  3.808 2.238 gosos  1oie 5 oo0e  1.0800 11252
Re 3.35 45250 19 84 .0945  .439  8.343 4.380 g.626 .0619 3.5834  .5339 102695
3. 2.92  .4654 19 89 1.2265 370  7.031 3.273 .9.484 -.0533 %.4534  .5055 ‘02943
4. 2.24 3502 22 18 -.9154  .471 10.360 3.628 _g,978 ~-.1247 5.1916 ‘7454 ‘1987
5. 1.90 2788 22 32 -.4677 .58l 12,780 _3.563 wmMw ) : :
_ 42,322 17.088 ) °
X = .4035 F =' 1744 0—:,_ 1.971
b = 7.652 _ _. gy = 1.404. —
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TABLE IX

DETERMINATION OF LDgg's AND THEIR RANGE
95 TIMES OUT OF 100%#

> > >

X =X+D ‘(Y-aa =t ngbl (Y-a.z -vVSaE“b -t V(b)]

'-ty -
a = i
y = 5.000 V(b) = variance(b) = 1 =gy
t =1.96 S(Bn(x-x)*]
t¥= 3.8414

V(a) = 1 =1
W 3B

Fasting . 1 i 1 1
Nomls X .4119 + 70937(5 0000-505%7L : - 10 . (5.000- 5.5%")r+ (m) [_(70937)'-308416 (T:m)]
(7.937)* -5.8416(%-5%) «937)* =3, T 1) , :

3339 ¥ ,03886 *

X

Antilog x = LDgg = 2.157
Range of LDgy 95 times in 100 is 1.973 to 2.359

, . ,
Fasting x = .4035 + 7.-95755.000-5.17442 f 1.9 (5,000 .5,1744) -(zz5322) [(7.937)" -3.8416 (I=329)]
High Vita- . ry =S, ) . Y =3.841 i-_— -

min C e (TETT)

X = .38047 % .03919

Range of LDgg 1s 2.1942 to 2.6282

Fasting x = 3313+7.937(-.1538) 1’1.96!} (.7525) (-.1538)~+ (TT-838] . |(60.1064)
Vitamin . 60.1064 -

C -

o Dertets . .3110 % .06015

Range of LD'50 13 1.7817 to 2.3504

T ) 1

Non- X = 5333 + 7.937(-.2896) = 1.96 || (.7525) (-.2896) + (55, 198) (60.1064)
Fasting + . 60.1064
Normals x - ,49506 % .05044

Range of LDy, 1872.783 to 3.5118 ;

1

- - T ——
+1.96 -.09789)"+ | 1aramEY (60.1084)

Non- X = .53013 ¢ 7.937 ("009789

Fasting - $0.1064

Hi Vita-

miﬁhc x = 51720 % 0.54444
LD5O‘= 3.290 | _
Range of LDgg is 2.9024 to 3.7294 |

* Bliss! Equation #28 ( &)

9126R
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TABLE X

SLOPES AND THEIR ERRORS FOR PFASTING AND
NON-FASTING GUINEA PIGS#*

b 1 1
(slope) ol by )
Fasting Normels 7.768 0.30560 23749

Fasting Vitamln C Depleted 12.110 0.04321 0.5232

FPasting High Vitamin C 7.652 0.50738 3.8830
Non-Fasting Normals 7.898 0.01142 0.090%2
Non-Fasting High Vitamin C 91,75 0.00018 0.0165

0.86779 6.8878

[

composite b = S[b(&':Ti)] =Db = 6.8878 = 7.937
S 7

3 0.86779
variance =(TZ= g i - =gy = 1.1524
n(x-X)"

= 3(o7) = 1.1524

*023 extent of error
<



TABLE XI

SURVIVAL TIMES OF INFECTED CONTROLS
AND TREATED GUINEA PIGS

Obser- Group I Group II Group IIl - .Group IV Group V Group VI
vation Controls Sulfanilamide Ascorbic Acld Ascorblc Acid Depleted Depleted
Period ~..and Controls Sulfanilamide
Sulfanilamide
D H T T T : T T T
A 0 0 0 0 0 0 0
Y U i T T T T T
S R A A A A A A
S L L . L L L L
_ 12/3 12/12 1/14 n2/3 12/12 1/14 12/3 12/12 1/14. | '12/3 12/12 1/14 1/14 1/14
I 8 '
16
24 1 1 2 2
II 32| 1 R 1 53 7 1 4 4
40| 1 1 2 1 1 1 1
48| 2 7 4 13 1 3 4 9 1 1 3 3 1 1
III 56 2 2| 4 1 1
64 1 1
72 1 1 1 1 3 3 1 1
Iv 80 1 1 1 1 , 1 1
88 ' 1 1
96 1 1 2 2l 1 1 . 1 1 2 2 1 1
\'f 104 2 2 !
112 2 2 ‘
120 1 1 1 1] |
vi 128| 1 1 2 o|
136 1 1 : 1 5 5 1 1
144 1 1
VII 152
160 1 1 1 1
168 1 1 2 1 1
VIII 180 1 1 2
192 | ! 2 1 1 S S
IX 204 T—
© 216 1 1
X 228 ,
| 240 i 21 1 1 1
XI ‘252 | . ) {
264 4 L 1
‘xmroe2ve | | 3 ~ ‘ * t
288 1 1 B 1 1
XIII 300 |
312 1 1
XIV 324 1 1
236 1 1 2
Mortality 29 12 30 - 15 20 12
No. Anlmals
Infected 30 - 30 30" 30 20 20
Per Cent
Mortality 96.7 40 100 50 100 60
Total Hours
Survived 2,616 7,884 2,096 7,224 1,648 4,484
Welghted Mean
Survival Time _ : '
in Hours’ : 87.20 262.80 69 L€ 240.80 82.40 224,20

ol.
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TABLE II-

PLASMA VITAMIN C LEVELS IN GUINEA PIGS AT
STATED TIMES AFTER FEEDING GREENS

Dates Time of De- Mg.Per Dates Time of De- Gm.Wt. Mg.Per

termination Cent termination Sex Cent Asc-
in Hours Vita- in Hours orbio
after Eeed- min C after Feed- Acid
ing Greens ing Greens
(ad 11b.) (ad 11ib.) -
3/22/40 3-6 0.69  4/18/40 15-17 300-F 0.18
to O 021 515"F 0 016
4/8/40 0.33 321-F 0.24
incl 3 0 029 316-F 0 018
0.31 260-F 0.06
0.33 320-F 0.18
0.66
0232 Mean - 0016
0024 Sodo - 0.06
0.60
0.17
0.35 4/27/40 2-3 412-M 0.65
0.26 300-F 0.53
0.36 243-F 0,72
0.53 314-F 0.23
0.1%7 307-M 0.82
0.30 372-¥ 0.20
0.52 ,
0.76 Mean - 0.53
0’3‘7 S.d. - 0026
0.39
0.25
0.17 5/7/40 4-6 549-F 0.28
0.37 445-F 0,71
0.46 442-F 0.45
0.42 478-F 0,72
0.26 473-F 1.87
0.42 321-F (.85
0.42 320-F 0.68
0.51 228-F 0,32
_ 283-F 0.42
Mean - 0.38 355-F 0.90
s.de - 0.15 405-F 0.06
Wt. range; 300-450 gms. 471-F 1.63
Mean -~ 0.72
Sodo - 0051
5/29/40 19-20 475-M 0.81
342"? 0012
352-M 0.23
537-F 0.02
507“F 0.11
329-F 0,11
317-F 0.35
300-F 0.15
268-F 0.23
312-F 0.07
316-F 0.10
310-F 0.13
327-F 0.10
256-F 0.02
308-F 0.19
319-F 0.23
309-F 0.11
Mean - 0014
s.d. - 0.08
6/3/40 42-44 301-M 0.29

(no greens) 362-M 0.08
(on Sunday) 317-M 0.10
270-M 0.44
345-M 0.05
327-M 0.23
318-M 0.17
342-M 0.16
395-F 0.30
312-M 0.17
320-F 0.1l
345-M 0.17
348-F 0.12
o27-¥ 0.00
340-M 0.1l
432-¥ 0.10
422-M 0.19
368~M 0.26
290-M 0.05
290-F 0 008
302-F 0.0%7
354-F 0.23
302-M 0.00
280~-F 0.08
307-F 0.09
332-F 0.1l
298-M 0.08
340-F 0.35
277-M 0.11
302-F 0.22
302-F 0.35
314~-F 0.23
For All Animals
Welghted Mean
Standard Deviation
Standard Error

(106) -

0.30 mg.% Mean - 0.16
0.20 S.d. - O.ll
0.02



