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Electrophoretic patterns for cerebrospinal fluid (A) with high total protein 
content (case 3))  (B) with normal total protein content (case Z), and (C) with 
abnormal colloidal gold curve (case 7). 

FIG. 1. 

Two cases of neurosyphilis whose spinal fluids showed abnormal 
colloidal gold curves, had a marked increase in the gamma globulin 
fraction. When the gamma globulin of case 7 (Fig. 1 C )  was sep- 
arated from the albumin electrophoretically, all of the colloidal gold 
reactivity was found in the gamma fraction and none in the albumin 
fraction. Although the colloidal gold reacting material is found in 
the gamma fraction, it may differ from the normal gamma compo- 
nent of spinal fluid since other fluids which contain equally large 
amounts of gamma globulin yield normal colloidal gold curves. 

Summary. The electrophoretic pattern of the cerebrospinal fluid 
proteins resembles that of the plasma. Alterations in the composition 
of the serum proteins produce similar changes in the spinal fluid 
patterns. Colloidal gold activity in pathological fluids is associated 
with the gamma globulin. 
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Inactivation of Sulfonamide Inhibitor by Azochloramid. 

FRANZ C. SCHMELKES AND ORVILLE WYSS. (Introduced by 
N. Kopeloff.) 

From the Research Laboratories of Wallace and Tiernan. Products, Belleuille, N.J .  

The bactericidal effect in vitro of sulfonamide derivatives has been 
extensively investigated. Recently Neterl has reported that of a 
variety of bactericidal compounds which he studied only Azochlora- 
mid when used jointly with sulfonamides showed more than a mere 
additive effect upon the test organism. 

1 Neter, E., PRW. Soc. EXP. BIOL. AND MED., 1941,47, 303. 



' I ' X W I A I S  1. 
Effect of Sulfanilaiiiide nntl Azocliloraiiiid in a Syntlietic Medium. 

Inoculnm 2,000,000 E .  coli/ml. 

I 1 24-lir plate count 
Concentrations nig yo 

Tube Azoc-ldorainid Sulfanilamide x 000 

1 0 0 182,000 
2 0 5 185,000 
3 0 15 163,000 
4 .O.i 0 120,000 
3 0 93,000 
6 .O.j 3 2 

. I0  

I 15 0 
8 . 1 0  9 0 

.O.i 

9 .I 0 15 0 

- 
- 

- - - -_ - _.- - __ . - - 

1j-e ha\-e csaiiiiiietl this eiTc.ct 1)). cluantitative nietliocls. By 
plating out the coiitetits o f  (n i i -  niised chemical-or~aiiisiii suspeiisioii 
we have obtaiiied the follon.iiig data : Two niillioii E. coli per 1111 

were inoculated into a syi-rtlietic iiiediuni and incubated for an hour 
at 37°C. The inoculated niecliuni was then distributed in test tubes 
to which the drugs had been added iii appropriate concentrations. 
The final drug concentrat ions mt l  24-hour counts are recorded in 
Table I. 

A similar experiiiient with Stnplz. oiirezi.r with the exception that 
20% sterile normal horse sertim was added to increase the difficulty 
of killing, gave tlie results shown in Table 11. 

Similar effects upon tlie respiration of a growing culture were 
olxerved \vlic-i~ using a \ \ 7 a r h - g  respironieter as sliowii in Fig. 1. 

The molecular ratio of the agents eniployed rules out any possibility 
that this synergisni might he due to a chemical reaction between 
them, resulting in the formation of a more toxic compound. Neter's 
observations with other mixtures, particularly those obtained when 
examining the action of optochiii and sulfapyridine on pneuinococci. 
which two substances fail to sliov~~ any signs of potentiation, niake 
it extremely unlikely that the synergistic effect between Azochloramid 

TABLE 11. 
Eff cct of Azochloramid arid Sulfi~ nilaniide on Stnph~/Zococcus uzimus in a Synthetic 

&tedium + 20% Sterile Normal Horse Serum. 

Inoculum of Sfnph.  ( I  tirciis, 2,000,000/ml 

Conccwtr:~ t ions nig yo r -, 

J P 24 hr 48 hr 

Plate counts 

Azocliloramid Sulfanilamide x 000 x 000 

.4 33,000 126,000 
20 93,000 34,000 

.4 20 10 120 
Inoeula tecl cont,rol 120,000 140,000 
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and sulfonamides could be due to a general lowering of the threshold 
for sulfonamide of the bacteria due to injury by Azochloramid. 

TABLE 111. 
Effeet of Azochloramid and Para-amino Benzoic Acid on the Inhibition of E .  coEi 

by Sulfanilamide. 

Concentrations mg % 
if , Turbidity 
Sulfanilamide Para-amino benzoic acid Szocliloramid (16 hr ) 

0 0 0 34.0 
0 0 .1 31.0 
50 0 0 1.8 
50 .1 0 33.5 
50 .05 0 26.0 
50 .01 0 2.0 
50 .1 .1 1.5 

TABLE IV. 
Effeot of Azochloramid and Peptone on the Inhibition of E. coli by Sulfanilamide. 

Concentrations 
b, 

Sulfanilamide 2 % Pept one 
mg % ml 

- 3  

Azochloramid Turbidity 
mg % (16 hr) 

0 
50 
50 
50 
0 

50 

0 
0 

.a 

.1 

.5 

.5 

0 43. 
0 2.5 
0 30.0 
0 5.0 
.1 42.0 
'1 2:6 



The specificity of the synergistic effect as well as the extremely 
small concentrations of ,4zochloraniicl required, directed our attention 
to the possibility that the action of Azochloramid might be due to 
the iiiactivatioii of the sul fonamide inhibitor. That this iiiight 
actually be the case is shown in Tables 111 and IV. 

Other chlorine comporinds give similar results. Here, however, 
depending upon the higher reactivity of the halogen compound eni- 
ployed, higher concentrations n m ~ -  he required. 

Of particular interest is tlic action of sulfanilamide and Azo- 
chloraniicl upoii Sttrph.  t7i(rtoii.s. ;m organism notoriously resistant to 
sulfanilamide. In Table I1 it is shown that in the presence of a 
iiiinute ainount of :izochIoramitl, which is practically ineffective of 
itself. sulfaiiilaniidc lias ;i sti-ikiiig 1)actcricidal effect upon a large 
inoculuni of this organisin I ,ikqwise in Fig. 1-A a minute amount 
of a-lzochloraniid perniits an otherwise ineffective sulfanilamide con- 
centration to inhibit respiration of a large inoculum of growing 
staphylococci. AfcLeod‘ has piiI)lished several exploratory experi- 
ments, one of which slio\vs that his strain of Staphylococcus was 
characterized 1))- its abilit!. tc) release into the medium relatively 
large amounts of inhibitor. ‘J’his might account for the resistance 
of this organism to sulfanilamide. The induced ability of sulfanila- 
mide to kill large inoctila of this organism in the presence of Azo- 
chlorainid may be tltic to  the latter coiiipouiid’s ability to inactivate 
the native iiihi1)itor of t h  St~tl’h!.lococcus, enabling sulfanilamide 
to kill this organism. 

hIcLeocl also shon-ed that i l l  some “sulfonamide-fast” strains 
the resistance of the organisms is acconipanied by a great increase in 
the production of inhibitor. An examination was therefore made of 
the effect that small concentrations of Azochloramid might have 
upon the sulfonamide resistance of a “sulfonamide-fast” strain. 
Such a strain was cjuick1~- obtained in  the following manner: Inocula 
of E. coli clecreasing gradually from 1 nil to 1 loopful were trans- 
ferred to tubes of a synthetic medium containing 50 mg ”/. of 
sulfanilamide. Only the largest inoculum yielded growth in the 
first transfer. With this culture the process was repeated, slowly 
increasing the sulfanilamide concentration in the medium up to 100 
mg %. However, upon continued culture from the smallest inoculum 
which gave growth in the sulfanilamide medium a culture was ob- 
tained in 6 transfers that grew well from a small number of organ- 
isms in the presence of 100 nig % of sulfanilamide. 

By the addition of .01 mg ”/. -4zochloramid the resistance of this 
2McLeod, C. M., J .  R r p .  . led., 1940, 72, 307. 
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TABLE V. 
Effect of Bzochloralnid aiid Sulfanilamide upon Sulf anilamide-f ast E .  coli. 

Inoculuni 2,000,000 E .  coZi/ml. 

Sulfanilamide mg To Azochloramid mg % Turbidity 15 hr 

0 
100 

25 
0 
5 

0 
0 
0 

.04 

.04 

49 
45 
47.5 
44.0 

0.5 

culture was destroyed and it was again rendered sensitive to 5 mg % 
sulfanilamide as is shown in Table V. 

Coirznzent, In order to increase the accuracy of these experiments 
low concentrations of these ag-eiits were studied. The tinie of ex- 
posure is thereby lengthened aiid inaccuracies due to the time factor 
are eliminated. In order to produce these effects with short contact 
periods as would be desirable for clinical application appropriately 
increased concentrations of the agents are required. 

These data indicate that Azochloramid potentiates 
the bactericidal effect of sulfonamides. This effect may be due to the 
inactivation of sulfonamide inhibitors by the chlorine compound. 

Swziizwy. 
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Measurement of Mean Blood Flow in Arteries and Veins by 
Means of the Rotameter.* 

DONALD E. GREGG, R. E. SI-IIPLEY, R. W. ECKSTEIS, A\. KOTT.~ ;ZXD 

J. T. WEARN.~  
From the Departmetat of Medicine, Western Reserve University, C7etdnnd, 0. ' 

In experiments designed to determine the accuracy of the thermo- 
strornuhr,l* a the need arose for a siniple and accurate niethod by 
means of which blood flow in arteries and veins of anesthetized dogs 
could be immediately quantitated from nioment to nioment for a 
considerable time period. For this purpose the rotanieter3 seemed 

* The expenses of this investigation were defrayed by a grant from the Com- 

t We wish t o  acknowledge the help of Drs. A. S. Weisberger, E. F. Sehroeder, 

1 Gregg, D. E., Pritehard, W. H., Eckstein, R. W., Shipley, R. E., Steege, T. W., 

2 Sliipley, R. E., Gregg, D. E.: a i d  Wearn, J. T., Am. J. Physiol., in press. 
3 Sclioenborn, E. If., and Colburn, A. P., Transadions of the American. Ins t i tu te  

monwealtli Fund. 

and Mr. D. Book in some of these experiments, 

and Wearn, J. T., Am. J .  Physiol., i n  press. 

of Chemical Engineers, 1939, 35, 359. 


