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holic intoxication is but slightly nephrotoxic in a structural sense. 
The evidence of structural changes in the kidneys has consisted in 
certain early changes in the glomeruli which have not been of con- 
stant occurrence and by an accumulation of stainable lipoid material 
in the epithelium of the tubules. 2. The experiments indicate that 
a functional disturbance may be induced in the kidney from the use 
of alcohol which is not dependent upon microscopically demonstra- 
ble structural changes. Such a disturbance has been characterized 
by an increase in urine formation and in a certain number of the 
animals by an albuminuria with casts. The elimination of phenol- 
sulphonephthalein has been variable. Such alterations in renal f unc- 
tion other than a persistent decrease in the elimination of phenol- 
sulphonephthalein tend to disappear with the discontinuance in the 
use of alcohol. 
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In the preceding publication' concerning the nephrotoxic action of 
ethyl alcohol when administered over long periods to dogs, the ob- 
servation was made that the elimination of phenolsulphonephthalein 
was variable. On the basis of this variation the 23 animals studied 
could be divided into 3 fairly well defined groups. The first group 
showed a moderate reduction in the output of the dye persisting 
throughout the experiments. In a second group, the elimination 
was but slightly affected, while in a third group of 7 dogs the elimi- 
nation of the dye was definitely increased following the commence- 
ment of the use of alcohol. The most marked example of such in- 
crease occurred in Experiment 19, in which the percentage output 
of the dye rose from 62 to 96%. The dogs which showed such a 
change in the elimination of phenolsulphonephthalein also developed 
an alburninuria with casts, glycosuria, appearance of both acetone 
and diacetic acid in the urine and reduction in the acid-base equili- 

* This investigation was made possible by the Edward N. Gibbs Prize Fund of 
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briuiii of the blood. There was no retentioii of urea or non-protein 
nitrogeii. Histological studies of the kidneys o f  these animals af- 
forded no anatomical basis for the apparent contradiction of an 
albuminuria with casts, no reteiitioii o f  urea and non-protein nitro- 
gen and an increase in the elimination of phenolsulphonephthalein. 

Rowntree and Geraghty' while studying the elimination of phenol- 
sulphonephthalein in various pathological states of the kidney ob- 
served that in some of the intoxications occurring during pregnancy, 
the output of the dye was definitely increased. Later, Whipple, 
Pieghtal and Clark3 and very recently Hanner and Whipple4 have 
shown a relationship to exist 1)etween a liver injury and an increase 
in the output by the kidneys of pheiiolsulphonephthalein. 

As a result of the observation of the increase in the eliniination 
o€ this dye in certain of the animals intoxicated by alcohol, histolog- 
ical studies were made of the livers of such animals and of those 
animals in which there was either no appreciable change in the out- 
put of the dye or in which the elimination o f  it was reduced. On 
this basis the animals used in the previous study' inay be tlividecl 
iiito three groups. The aiiiinals falling. in (;roups 1 and 2 in which 
the elimination o f  the dye was either not affected by the use of 
alcohol or only slightly reduced are used as control aiiinials for 
Group 3, represented by 7 dogs in which the elimination of the dye 
was definitely increased. In  (;roup 3 the increase in the elimination 
o f  phenolsulphonephthalein de\-eloped within the first month after 
the commencement of the use of alcohol and was most marked 
when the determinations were made within 3 hours after its injec- 
tion. If the use of alcohol was withheld for 48 to 72 hours the 
initial increase in the output of the dye underwent a reduction. in  
2 of the dogs its eliiiiination returned to the normal percentage elini- 
imtion established before the coniiiieiicetiient o f  the experiments. 
'['he following experinleiits are characteristic u f the alterations in 
the elimination of the dye by t1ii.s thirtl group of aiiirnals. 'The dog 
of Experiment 2 had a normal output of the dye of 64%. During 
the first month of the alcoholic intoxication the percentage elimina- 
tion increased to 82%. In  the animal of Experiment 19, the nor- 
mal output was 62%, which increased to 96%. In the dog of 
Experiment 4, the normal elimination was 5876, which following 
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the use of alcohol increased to 72% ant1 with the withdrawal of the 
alcoliol decreased to 61%. In the (log of Experiment 14. with a 
iiorinal elimiiiation of 49%. the use ~i alcohol caused an increase to 
60%. With cliscontinuaiice of alcohol the output was reduced to 
-+So/,, 2% less than the aniiiial‘~ normal elimination. 

Liver tissue from the 23 (logs was fixed hp Zenker’s fluid aiid in a 
.solution of corrosive-acetic, em1 )etltletl in paraffine and sectioiis 
stained with eosin antl haematoy-liii aiitl with eosin antl methylenc 
l h e .  Tissue for frozen sections ivas fisetl in 10% forilialine. The 
histological study o i  such tissue froiii the animals o f  Group 3 which 
Iiad deveioped a definite increase in the elimination o f  phenolsul- 
phonephthalein showed a market1 1 iver in jury which first involves 
the periphery of the liver lol~ile an(1 extends inward towards the 



LIVER I N  JURY AND PHENOLSULPHONEPI-ITHALEXN 589 

central vein. By such an extension more than two-thirds of the liver 
lobule may participate in the pathological process. The changes in 
such areas of degeneration consist in a very marked cloudy swelling 
of the liver cells which is usually not accompanied by vacuolation or 
necrosis. The nuclei of such cells are small in proportion to the 
amount of surrounding cytoplasm and stain faintly. Their outline 
is usually well preserved. In such edematous cells there has oc- 
curred a marked accumulation of stainable lipoid material. As the 
center of the liver lobules is approached these changes diminish in 
their severity until immediately around the central vein the liver 
tissue appears normal. The intertubular capillaries are distended 
with blood. Hemorrhage into the liver substance has not been ob- 
served. There has been no increase in connective tissue. Fig. 1. 

The study of liver tissue from the control groups of animals, 
Groups 1 and 2, in which the elimination of phenolsulphonephthalein 
was not increased has failed to show this characteristic change in 
the liver lobule. The livers of such animals have shown an in- 
crease in the amount of stainable lipoid material over the amount 
which can be demonstrated in normal animals that have not been 
subjected to the use of alcohol. Its distribution is of a diffuse 
character throughout the lobule and is not especially marked at  the 
1:eriphery and central portions of the lobule. Such cells may show 
an increase in size from an early cloudy swelling. This change has 
also failed to show the characteristic localization in its severity, to 
first, the peripheral part of the lobule with an extension towards 
the central vein. 

Conclusions. 1. The foregoing observations of the changejs 
which develop in the liver in those animals which show an increase 
in the elimination of phenolsulphonephthalein in the urine from the 
use of alcohol when contrasted with animals which do not show 
these changes, would indicate that the liver injury is responsible for 
the increased output of the dye by the kidney either by decreasing 
the excretion of the dye by the liver into the intestine with its re- 
absorption and elimination by the kidney (Rowntree and Geragh- 
ty'), or by decreasing the ability of the liver to destroy it (Ken- 
da116). These results obtained from the use of alcohol in 7 of 23 
dogs, coincide with the observation of Hanner and Whipple* on the 
relationship which exists between a liver necrosis induced by chlo- 
roform and an increase in the elimination of phenolsulphonephtha- 
lein. 

2. In this series of animals which developed a liver injury from 
5Rendal1, E. C., 6. Am. Med. Ass%, 1917, 68, 343. 
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alcohol with an increase in phenolsulplionephthalein elimination the 
observation was made, that if the use of alcohol was withheld from 
48 to 72 hours the eliniination of the dye underwent a reduction. 
An investigation of the liver changes which may develop in connec- 
tion with the decrease in the output of this dye is now in progress. 
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Extensive breeding experiments with Dnph iziu Zoizgispilua ( Banta 
and Wood,' and unpublished data) give rather conclusive evidence 
that recessive mutations having physiological effects accumulate 
during parthenogenesis in this species. In order to learn whether 
recessive physiological mutations accumulate similarly in Moiizu 
mcrocopa, 2 strains of this species were inbred (sexual reproduc- 
tion). One strain, Banta's Line 1012, had a laboratory history 
of 1090 parthenogenetic generations before inbreeding, whereas the 
other line, Banta's Line 1705, had only a short history of 42 par- 
thenogenetic generations before inbreeding. Of 151 ephippial (sex- 
ual) eggs obtained from Line 1012, 118 or 78.1% hatched. Of 321 
ephippial eggs obtained from Line 1705, 282 or 87.9% hatched. 
Eggs in both of these groups include several series which fairly con- 
sistently showed the same differential rate of hatching as is repre- 
sented by the totals given above. This is suggestive of the accumu- 
lation during long-continued parthenogenesis of semi-lethal muta- 
tions in Line 1012. 

Fifty-five females which hatched from the sexual eggs obtained 
by inbreeding Line 1012 were compared with 55 parthenogenetically- 
produced females of Line 1012 as to ,their viability, reproductive 
capacity, and other characteristics.* Comparisons were made be- 
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IBanta, A. M., and Wood, T. R., 2. h d .  Abs. Pererb., Supplementband I, 
1998, 391. 

"Inasmuch as there is no reduction division in t.he maturation of the par- 
thenogenetic egg of Cladocera, all parthenogenetically produced descendanta of 
an individual should be genetically identical (except as a mutation may occur). 
JII sexual reproduction, on the other hand, segregation and recombination of 
genetic factors are, naturally, to be expected. 


