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chloride being the predominant urinary elec- 
trolytes. 

Discussion. The data demonstrate that 
furosamide, given intravenously, is capable of 
markedly increasing the excretion of sodium, 
chloride, and water. A much smaller, but 
definite increase in potassium accompanies 
these effects. The diuresis is produced with- 
out a change in glomerular filtration rate as 
estimated by endogenous creatinine clearance, 
or the effective renal plasma flow (PAH 
clearance). Although very low creatinine 
clearances may not accurately measure filtra- 
tion rate, the lack of change in clearance 
following furosemide argues for a correspond- 
ing lack of change in glomerular filtration 
rate. 

One site of action of furosemide is clearly 
the proximal convoluted tubule as shown by 
some of the urine flowJcreatinine clearance 
ratios presented. Additional sites are not ex- 
cluded by the data although it is possible 
to examine the question clinically by obser- 
vations of free water clearance and tubular 
reabsorption of free water during various 
states of hydration(4). Suki has presented 
data from dog studies from which he con- 
cludes that furosemide inhibits sodium reab- 
sorption in the proximal convoluted tubule 
and the ascending limb of Henle's loop( 5 ) .  

The eventual place of furosemide in clini- 
cal medicine will depend on accumulated ex- 
perience with its oral usage in various edema 

producing diseases particularly in comparison 
with other diuretics. The present data dem- 
onstrate that i t  is a non-toxic, potent, diuretic 
under the conditions described above. It is 
evident that the very large diureses that may 
be produced by furosemide can lead to de- 
hydration and on occasion to hypokalemia. 
Care is required with its use, just as with 
any powerful drug. 

The evidence thus far is sufficient to war- 
rant intensive clinical trials with furosemide, 
including observation in patients with sub- 
stantially reduced kidney function. 

Summary. A new diuretic compound, furo- 
semide, has been studied in patients with 
renal disease. Doses of 40 mg intravenously 
were capable of producing large diureses of 
sodium, chloride, and water without adverse 
effects. Preliminary results with oral adminis- 
tration suggest that the drug may prove to 
be a useful therapeutic agent. 
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Most of these studies have been performed 
with human or mouse globulins, since normal 
as well as pathological globulins (myeloma 
globulins) are available in both species. When 
immunoglobulins in these and other animal 
species were compared, some confusion and 
uncertainty frequently arose as to their 
nomenclature and equivalence. 

In  recent studies with purified guinea pig 
(3,4,5) and mouse 7!;(6) antibodies, it was 
found that antibody populations with dif- 
ferent physicochemical and antigenic prop- 
erties also differ in sorne biological properties, 
such as complement fixation and participa- 
tion in local and systemic anaphylaxis. The 
recognition of this fact introduces a new 
criterion for identification of immunoglob- 
ulins, so far characterized only by their 
physicochemical and antigenic properties. 

Two distinct populations of 7s guinea pig 
antibody have been described (72 and 71) 
whose physicochemical and biological prop- 
erties have been well established. Although 
it  is tempting to conclude that the faster 
migrating antibody (;?I), possessing the ana- 
phylactic activity, corresponds to the ylA 
type of other species, no definite proof of such 
identity is available. One of the character- 
istics of the ylA globulins in other species is 
their high carbohydraie content as compared 
to the 72 globulin. It seemed desirable, there- 
fore, to determine the hexose content of 
guinea pig 71 and 72 antibodies. This is 
the subject of the present report. 

Materials and methods. Adult, Hartley 
strain guinea pigs of both sexes were used 
throughout. The antigen used was highly con- 
jugated dinitrophenyl bovine gamma globulin 
(DNB-BGG) . Preparation of the antigen, 
immunization and purification of the anti- 
body were performed as previously described 
( 3 ) .  Some hapten remained in the final anti- 
body preparations even after prolonged dialy- 
sis. Human gamma globulin was also ana- 
lyzed (Fraction 11--E. R. Squibb & Sons, 
N. Y.). 

Separation of specifically purified guinea 
pig anti-DNP antiboldies can be obtained by 
starch block electrophoresis (3 ) .  The fractions 
resulting from this procedure, however, were 
contaminated with considerable amounts of 

polysaccharides and, therefore, were not 
suited for our purpose. Preliminary experi- 
ments indicated that the same was true for 
fractions obtained by zone electrophoresis in 
a polyvinyl block (Geon, Goodrich Rubber 
Co.) (7). The carbohydrate introduced by 
any of these methods could not be removed 
by repeated precipitations of the globulins 
with 18% sodium sulfate (see below). 

Resort was made, therefore, to ion ex- 
change chromatography, employing DEAE 
cellulose. The samples were dialyzed against 
0.01 M phosphate buffer, pH 8.0, and were 
applied to a column equilibrated with the 
same buffer. Under these conditions, most 
of the y2 fraction comes off while the yl is 
retained and can be subsequently eluted by 
increasing the salt concentration. When ap- 
plied to preparations of purified antibody, 2 
well separated peaks can be obtained contain- 
ing the y2 and yl globulins respectively. In 
this experiment, 10 ml containing 127 mg of 
purified guinea pig anti-DNP antibody, iso- 
lated from pooled guinea pig antisera, were 
applied to a column of 2 cm diameter and 
15 cm length (approximately 6 g DEAE cel- 
lulose). Following the first peak, a gradient 
elution was started from 0.01 to 0.15 M phos- 
phate buffer at pH 8.0 The first peak con- 
sisted only of y2 globulin and the second 
peak almost entirely of yl globulin with only 
a trace of y2 globulin as shown by immuno- 
electrophoresis (Fig. 1 ) . An additional indi- 
cation of the purity of the y2 fraction was 
given by its inability to mediate passive cuta- 
neous anaphylaxis in guinea pigs. It was 
found that the amount of yl in this fraction 

Prior to analysis for hexose, all protein 
preparations were salted out in 18% Na2S04. 
As a rule, one volume of a solution containing 
10 or more mg protein per ml was mixed 
with 9 volumes of 20% Na2S04, and the mix- 
ture was kept for 1 to 3 hours at 37OC. After 
centrifugation, the precipitate was dissolved 
in one volume of distilled water, centrifuged, 
and the supernatant precipitated again by 
adding 9 volumes of 207% Na2S04, incubated 
at 37°C and centrifuged. The precipitate was 
then dissolved in distilled water. It was found 
that most of the contaminating hexose was 

was less than 0.5%. 
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FIG. 1. Immunoelectrophoresis of purified guinea 
pig anti-DNP antibody (1) land its y2 (2) and 71 (3) 
fractions obtained by DEAE-cellulose chromatog- 
raphy, developed with rabbit anti-whole guinea pig 
serum. 

removed by the first precipitation. Two pre- 
cipitations were routinely performed with all 
preparations. 

Digestion of antibody gamma globulin 
with pepsin was carried out according to 
the method described by Nisonoff et aZ(8). 
Pooled guinea pig anti-DNP-BGG serum con- 
taining 3-4 mg of anti-DNP antibody per ml 
was fractionated on a DEAE-cellulose col- 
umn. The y2 fraction was concentrated by 
lyophilization, dissolved in a small volume of 
water and dialyzed against a buffer contain- 
ing 0.07 M acetate and 0.05 M sodium chlo- 
ride at  pH 4.8. To 165 ml of this solution, 
containing 12.7 mg protein per ml, 2 mg of 
pepsin ( 2  x crystallized, Worthington) were 
added and the mixture incubated for 18 hours 
at 37°C. The pH was then adjusted to 8.0 
with N KOH, and the digest was dialyzed 
against 0.1 6 ionic strength borate-saline buf- 
fer, pH 8.2. The material resulting from 
this digestion was precipitated twice in 18% 
Na2S04. When the final product was tested 
with double diffusion in agar, it gave a single 
precipitin line of partial identity with un- 
digested antibody when developed with rabbit 

anti-guinea pig serum (Fig. 2 ) .  It also gave 
a clear precipitin line with DNP-BSA, 250 
gamma per ml, and with a rabbit anti-S 
serum (piece I and I1 of Porter) but gave 
only a trace reaction with a rabbit anti-F 
serum (piece I11 of Porter) (9).  

The y2 fraction of purified guinea pig anti- 
DNP-BGG antibody, obtained from a DEAE 
cellulose column, was digested with papain 
as described by Porter. Fifty-four mg of 
antibody in 4 ml were dialyzed against 0.01 
M phosphate buffer, pH 7.2, 0.002 M in 
ethylenedinitrilo-tetracetic acid disodium salt. 
Eight mg 1-cysteine hydrochloride and 1 mg 
crystalline papain (L. Light & Co., England) 
were added, the mixture incubated at 37°C 
for 18 hours and then dialyzed against water. 
The digested mixture contained at  this point 
both S and F fragments in solution. To ob- 
tain only the F fragment the following meth- 
od was used: 23 mg DNP-fibrinogen were 
added to the digested mixture to specifically 
bind the S fragments which possess the com- 
bining sites. The soluble complexes so formed 
were then precipitated by adding strepto- 
mycin sulfate, 35 mg per ml, and adjusting 
the pH to 5.5. The DNP-fibrinogen prepara- 
tion used(3) was highly conjugated and had 
been precipitated at pH 2.5 and redissolved 
in phosphate buffer pH 7.0 before use. After 
addition of streptomycin, the mixture was 

FIG. 2. Double diffusion in agar gel. Center hole: 
Rabbit anti-whole guinea pig serum. Peripheral holes: 
yp-fraction (DEAE column) of guinea pig anti-DNP- 
BGG serum. Undigested: Hole No. 2 (2.7 mg protein 
per ml) and hole No. 3 (0.7 mg protein per ml). 
Pepsin digest: Hole No. 1 (4 mg protein per ml) and 
hole No. 4 (1 mg protein per ml). 
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kept at 37OC for 20 minutes, at 4OC over- 
night and then centrifuged. The supernatant 
was dialyzed against 0.15 M sodium chloride 
with 0.011 M phosphalte buffer at pH 8.0 and 
analyzed for hexose. 

Protein estimations and measurements of 
the optical density at 360 mp were carried 
out after each step of the digestion procedure. 
The final preparation contained 12.5 mg pro- 
tein (micro-Kjeldahl)l in 9 ml, and its optical 
density at 360 mp was 0.24 due to the 
yellow color either o f  DNP-lysine, still at- 
tached to the S fragments, or of DNP-fibrin- 
ogen. By correlating these values with those 
obtained at earlier steps of the procedure it 
was possible to estimate that S fragments 
could not constitute more than 3 0 7 ~  of the 
protein finally analy.zed for hexose. 

The concentration of the different proteins 
used was estimated by measuring ultraviolet 
absorption at  280 mp. The conversion factors 
were determined by analysis for nitrogen ac- 
cording to the micro-Kjeldahl method. The 
optical density per pg N/ml was 0.0083 for 
y 2  globulin, 0.0094 for yl globulin and 0.0096 
for the pepsin digest. 

Immunoelectrophoresis was done using a 
modification of Scheidegger's technique ( 1 1 ) . 
Two per cent agar in barbital buffer pH 8.6, 
.075 M, was used. ' f ie  precipitin lines were 
developed with rabbit anti-whole guinea pig 
serum. 

Double diffusion in agar gel was performed 
according to the method of Ouchterlony( 12) .  

Two methods were employed for the hexose 
analysis: the indol and the anthrone meth- 
ods. As the range of hexose concentratioa 
available for analysis was close to the sensi- 
tivity limits of these methods, the utmost 
care had to be taken to avoid contamination 
by extraneous material such as, for instance, 
paper lint. All glassware used was carefully 
washed, kept for 20 minutes a t  100°C in 
75% sulfuric acid and rinsed with distilled 
water. This precaution proved essential. 
Analyses were performed at  least in duplicate. 

1. Anthrone method. Essentially the meth- 
od described by Mokrasch was used(l3). 
The reagent was prepared in an ice-water 
bath. Two hundred and fifty ml H2SU4 were 
added to 72.5 ml water, and 250 mg anthrone 

were dissolved in this mixture. For the assay, 
0.5 ml samples were mixed with 3.0 ml of 
the anthrone reagent in an ice-water bath. 
The mixture was heated at 80°C for 25 
minutes, cooled in ice water and the optical 
density read at 620 mp. The measured opti- 
cal density was corrected for the color of 2 
blanks, one containing water as a sample and 
one containing the protein sample but only 
sulfuric acid and no anthrone. 

2. Indol method. The method described by 
Dische ( 14) was employed. Five-tenths ml 
samples were mixed with 75% (in volume) 
sulfuric acid in an ice-water bath. Two-tenths 
ml of a 1% solution of indol in ethanol, 
freshly prepared, were added and thoroughly 
mixed. The mixture was heated for 10 min- 
utes in a boiling water bath, cooled in ice 
water and the optical density read at  4701 mp. 
Corrections for blanks were made as indi- 
cated in the anthrone method. 

Results. 1. Cornpayison of anthrone and 
indol methods. Most of the determinations 
of carbohydrate content of immunoglobulins 
have so far been carried out with the an- 
throne method. T o  express the results on a 
weight basis, standard curves have usually 
been prepared with a mixture of 45% galac- 
tose, 4 5 % mannose, and 10% 6-deoxygalac- 
tose( 7,15). This mixture represents approxi- 
mately the composition of hexoses in human 
gamma globulin. 

As the amount of material available in 
this study was limited, the indol method was 
preferred because of its higher sensitivity. 
The nature of the carbohydrates present in 
guinea pig y-globulin being unknown, the 
results were expressed in terms of glucose 
equivalents. 

Both methods of analysis were compared, 
using glucose as well as the hexose mixture 
indicated above to prepare standard curves. 
The results of this comparison are shown in 
Fig. 3. I t  can be seen that the sensitivity of 
the indol method is approximately twice that 
of the anthrone method, Analyses of human 
gamma globulin were performed using both 
the indol and the anthrone method. Results 
were identical, within experimental error. 
The hexose content was found to be 0.78% 
with reference t~ the glucose standard or 
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020 40 80 
pg MIXED STANDARD PER SAMPLE (0 .5ml)  

FIG. 3. Standard curves for glucose and mixed 
standard with indol and anthrone methods. Mixed 
standard: 45% galactose, 45% mannose, 10% 6-  
deox ygahtose. 

1.19% with reference to the galactose-man- 
nose-fucose mixture. This value is in good 
agreement with data reported in the litera- 
ture(l5). 

2. Hexose content of guinea p i g  y2 and yl 
globulins. Employing the indol method, the 
following guinea pig y-globulin preparations 
were analyzed: a )  non-specific 7 2  globulin; 
b) specifically purified anti-DNP antibody 
containing both yl and y2 populations; c) 
and d) two specifically purified yl anti-DNP 
antibody; e) and f) two specifically purified 
y2 anti-DNP antibody. 

Samples a) ,  c), and e) were obtained by 
DEAE-cellulose chromatography. Sample b) 
was not fractionated into its components and 
contained about 60% of y2 and 401% of yl. 
Sample d) was obtained from animals im- 
munized without adjuvants which, as de- 
scribed previously (3)  , produced almost only 
yl antibody. Sample f) was prepared from 
a pool of antisera from animals immunized 
with Freund’s adjuvants that produced mostly 
y2 type antibody. Both samples d) and f) 
were specifically purified antibody prepara- 
tions not subjected to DEAE chromatogra- 
phy fractionation. The nature of the anti- 
body in these samples was verified by both 
electrophoresis and immunoelectrophoresis. 

The results of the analyses are presented 

in Table I. They indicate that the hexose 
contents of guinea pig yl and 7 2  globulin 
are identical, the average value being 0.7476, 
and correspond clearly to the hexose content 
of human gamma globulin. 

3 .  Hexose content of enzymatically ob- 
tained fragments of guinea pig gamma globu- 
lin. The results of the hexose analysis of 
fragments obtained by enzymatic digestion 
of y2 guinea pig globulin are also shown in 
Table I. It can be seen that the fragment 
obtained by pepsin digestion contains very 
little hexose. The value obtained, 0.1276, is 
close to the sensitivity of the method, and 
represents probably a maximum estimate. 
On the other hand, the hexose content of the 
F fragment obtained by treatment with 
papain is more than twice that of the original 
molecule. The actual value might even be 
somewhat higher than that quoted in the 
Table, since the preparation analyzed con- 
tained a significant amount of contamination 
by S fragments. 

Considering that the F fragment repre- 
sents about of the globulin molecule, it 
can be calculated that 90% or more of the 
total hexose in the molecule is contained in 
this fragment. 

Discussion. Evidence has been presented 
that guinea pig yl and 72 globulins have 
identical hexose contents. The average value 
obtained expressed in glucose equivalents was 
0.74%. This is approximately the same as 
the values reported for 7 2  globulins of man, 
mouse, and rabbit. Analysis of different prep- 
aratiuns of non-specific 72 as well as anti- 
body y2 and yl globulins obtained after frac- 
tionation with DEAE-cellulose, or specifically 
purified from sera of animals that produced 
mainly one type of antibody, have given 
identical results in all cases. 

Analysis of the fragments obtained after 
digestion of guinea pig 72 globulin with pa- 
pain have shown that most of the hexose is 
present in the fragment designated as “fast” 
( F )  , after papain digestion, corresponding to 
the piece I11 of Porter. On the other hand, 
the fragment obtained by digestion with pep- 
sin, corresponding to the 5s fragment de- 
scribed by Nisonoff in the rabbit, contains 
very little if any hexose. These results are 
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TABLE I. Hexose Content of Guinea Pig y-Globulins and Their Fragments. 

mg protein Optical density % hexose 
per sample at470 m,u (glucose 

Sample * ( .5  ml) (Indol method) t equivalent) 

a )  Nonspecific yz .681 
.557 

Yl 1.050 
1.300 Y1 

;j :: Yz 1.350 
g )  Pepsin digest 1.300 
h) F f r a p e n t  .706 

b) Ant;fFody 71 + yz ;j 9 9  

7 2  .goo 

.10 

.07 

.12 

. l a  

.13 

.22 

.03 

.23 

. lo  .74 

.09 .75 

.16 .75 

.20 .73 

.15 .77 

.280 .77 

.04 <.12 

.26 1.77 

* See text. 

in agreement with data reported for human 
and rabbit y-globulins ( 16,9). 

When guinea pig .yl globulins were first 
described(3,4,5), the problem arose of 
whether they corresponded to the ylA globu- 
lins of man and mouse which are character- 
ized by carbohydrate contents higher than 
those of the 7 2  globulins of these species ( 2 ) .  
The results of our ex,periments show that in 
the guinea pig both y L  and y2 globulins have 
identical hexose contents. Guinea pig yl 
globulins cannot be considered, therefore, to 
be the counterpart in this species of human 
ylA globulins. 

In  a recent study of mouse antibodies ( 16), 
a situation has been found which is very 
similar to that in the guinea pig. In addi- 
tion to a 19s component, two 7-globulins, 
designated yl and y2, have been identified, 
whose relationship to one another, as far 
as electrophoretic mobility and biological 
properties are concerned, corresponds to that 
of guinea pig yl and ' ~ 2  globulins. Moreover, 
comparison of 71 artd 72 with mouse Y1A 

myeloma protein have indicated that all 3 
are antigenically different. It was concluded 
that 4 types of y-globulin are present in the 

These results suggest that yl-globulins may 
represent a separate family of immunoglobu- 
lins which mediate anaphylactic reactions 
within the species. 

Summary. Various preparations of normal 
and antibody guinea pig yl and y2 globulins 
have been analyzed for their hexose content, 
using the indol method. The value obtained, 
when expressed in glucose equivalents, was 

mouse: 7 2 ,  71, y l A ,  and YlM.  

t Correcteld for  blanks. 

zymatic splitting of the molecule of 7 2  globu- 
lin indicated that most of the hexose was 
contained in the fast (F) fragment obtained 
after digestion with papain (piece I11 of 
Porter). The fragment obtained after pepsin 
digestion contained very little if any hexose. 
The results indicate that guinea pig yl globu- 
lin does not correspond to the ylA globulin 
of man and mouse. It is suggested that yl 
globulin represents a distinct family of im- 
munoglobulins, possibly also exis tent in other 
animal species, which mediates anaphylactic 
reactions within the species. 
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Renal and Adrenal Relationships in Compensatory Hyperplasia." 
( m 7 )  

R. J. Goss (Introduced by J. Walter Wilson) 
Department of Biology, Brown University, Providence, R. I .  

Growth in many organs can be stimulated 
either by partial ablation or by functional 
overload. In most cases, the two methods are 
known to be equivalent( 1) but in physio- 
logically complex organs such as the liver and 
kidney, it has never been discovered how the 
effects of partial ablation are translated into 
subsequent cellular proliferation in the resid- 
ual tissues. Although functional overload has 
long been recognized as an obvious possi- 
bility, certain recent explanations (2) have 
favored the postulation of tissue-specific 
growth-regulating factors related more to 
maintenance of predetermined organ mass 
than to re-establishment of physiological pro- 
ficiency. However, in view of vain attempts 
to demonstrate the existence of such factors 
in the case of the kidney, either in the serum 
or in renal tissue itself(3,4), the following 
experiments were designed to test the im- 
portance of strictly functional alterations on 
compensatory renal hyperplasia (CRH) . 

Methods. All experiments were carried out 
on male Sprague-Dawley rats weighing 100- 
120 g. Animals were kept in a temperature- 
controlled room at 76-78°F and illuminated 
from 0830 to 2230 daily, Operations and 
sacrifices were performed between 0900 and 
1 100. Nephrectomies and adrenalectomies 
were done under ether anesthesia via the 
dorso-lateral approach. 

As previously described (4), results were 
assessed in terms of the mean per cent of 
renal cortical cells in mitosis 2 S.E. Mitotic 
counts were made on the cortical areas of 
7 p kidney sections after fixation in Bouin's 
and staining with hematoxylin. Fifty ran- 

domly selected fields from 10 sections per 
kidney ( 5  fields per section) were scanned 
for mitotic figures at 43OX magnification. 
The resulting counts divided by the total 
number of cells examined per kidney (ap- 
proximately 2 1,400 cells) yielded a mitotic 
index expressed on a percentage basis. To 
reduce the effects of individual variations, 
rats were usually sacrificed in groups of 12 ,  
and their mitotic indices averaged. In experi- 
ments not involving nephrectomy, groups of 
6 rats were used and their 1 2  kidneys were 
counted separately. 

Role of salt and adrenals in compensatory 
renal hyperplasia. After subtotal nephrec- 
tomy, the incidence of cell division in the 
remaining kidney rises to a maximum of 
about 5 times normal during the second post- 
operative day (5-7). Williams ( 7) has shown 
that most of the mitotic figures at this time 
are in the cells of the proximal tubules. 
Recent investigations of the influence of the 
adrenal cortex on this process have yielded 
divergent results. Goss and Rankin(6) have 
claimed that bilateral adrenalectomy abol- 
ishes the CRH that normally takes place 
after unilateral nephrectomy. Williams( 8), 
however, showed that nearly normal CRH 
occurred in adrenalectomized uninephrecto- 
mized rats. Subsequently, Astarabadi (9) ob- 
served compensatory increases in the relative 
weights of remaining kidneys during the 2 
weeks following total adrenalectomy. Since 
the last 2 investigators maintained their rats 
on saline drinking water, while the first did 
not, it seemed plausible that this might ac- 
count for the lack of agreement. 

*Supported by grant HD-00192 from Nat. Inst. Accordingly, parallel series of rats Were 
of Child Health & Human Development. subjected to uninephrectomy and bilateral 


