
Clinical experience9 has coiiririiied the work of Holder and Mac- 
Kay, and we feel that the beneficial action of urea in combina- 
tion with the sulfoiiamides in the treatiiient of infections niay be due 
partly to the effects described in this paper. 
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Distribution of Vitamin A in Experimental Liver Damage." 
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The vitamin -4 content of cirrhotic livers is low'? ' 9  but in acute 
human2- and experimental5 hepatitis normal amounts are found. 
The blood vitamin A level iii acute hepatitis, however, is  low'^ 7 9  

and hemeralopia appears.' Histologically in human cirrhosis and 
hepatitis the vitamin A distribution is markedly altered ; the total 
amount often reduced.' To explain these alterations the histologic 
vitamin A distribution in experimental liver damage was studied. 

Sixty-two rats were intosicated with various doses of carbon 
tetrachloride. Of these 15 were on stock diet ; 15 received supple- 
ments of 800 units of vitaniiii -\ eyery other day; 3 each received 
a high fat, high protein and high carbohydrate diet respectively. 
Of 23 vitamin A deficient rats, 13 received one dose of 800 units of 
vitamin A ;  another 6, 8 mg carotene. The organs were examined 
by routine histology and for vitamin +\ by fluorescence micro- 

9 Strakosch, E. A., Clark, W. G., Tsuchiya, H. N., and Tenenberg, D. J., manu- 

* This work was supported by n grant froin the Committee on Scientific Research 

IMoore, T., Biochem. J., 1937, 31, lS5. 
2 Breusch, F., and Scalabrino, R.! 2. ges. exp. -Xed., 1934, 04, 569. 
3 Ralli, E. P., Papper, E., Paley, I<., and Bauman, E., Arch. Int. Med., 1941, 

4 Lindquist, T., Act.  U e d .  Scmid. (Suppl.), 1938, 97, 1. 
5Lasch) F., Xlin. Wchsckft., 1936, 14, 10'70. 
BLasch, F., Klin. Wclmhft., 1938, 1.5, 1107. 
7Breese, B. B., and MdcCoord, A. B., J .  Pediatr., 1940, 16, 139. 
8 Wohl, M. G., and Feldman, J. B., Am. J .  Digest. Dis., 1941, 8, 464. 
9 Popper, I€'., A d & .  Pathol., 1941, 31, i 6 6 .  

script in preparation. 

of the American Medical Association. 

68, 102. 



I T I T A M I N  A I N  LIVER DAMAGE 267 

scopy.”~ lo Some livers were also chemically examined for vitamin 
A?l 

Within 23- hours after injection of 0.1 cc CCl, lipoid droplets with 
strong vitamin A fluorescence accuniufate in the center of the 
liver lobules. These develop by gradual enlargement of the small 
lipoid droplets with vitamin A fluorescence which normally line the 
edge of liver cells. J’liith repeated CCl, injections central necroses, 
proliferation and collapse of the connective tissue develop.12 The 
central fat droplets become larger and their vitamin A fluorescence 
inhomogenous, the strongest fluorescence being in the immediate 
center. The vitaniin A fluorescence disappears from the Kupffer 
and liver cells in the uninvolved peripheral areas and from the fatty 
changes of the intermediary zone. -ifter administration of 5.6 cc 
CCl, in 27 injections within 69 days, a cirrhotic picture develops. The 
lobular pattern is reversed as the original centers are linked by pro- 
liferated connective tissue surrounded by liver cells with extensive 
fatty changes. Vitamin .A fluorescence is imparted by only a few large 
fat droplets in the original center and by fine droplets in surround- 
ing histiocytes. All other fat droplets which extend to the original 
periphery are free of fluorescence. 

In  rats i-eceiving vitamin A supplenieiits the fatty changes seem 
more extensive, but the connective tissue prolif eratioii is less 
marked. ‘I’itaniin A fluorescence in the fattJ- areas is stronger, and 
the intact areas retain the fluorescence longer. In rats on high car- 
bohydrate diet the fatty changes are less extensive than in those on 
high fat or high protein diet and the normal Kupffer and liver cells 
showed more fluorescence. 

CCl, intoxication of vitamin ,\-deficient rats produced similar 
fatty changes as in noriiitll rats but n-ithout vitamin A fluorescence 
of the fat. If these rats receive a dose of vitamin A or carotene, 
the large fat droplets in the center of the lobules acquire the fluores- 
cence, whereas the histologically unaltered peripheral areas do not. 
ChemicalIp less vitaniin -1, is stored in the liver of the vitamin A- 
deficient rats with CCl, intoxication than in control deficient rats 
after feeding the vitamin. If both groups of rats are continued on 
vitamin L%-deficient diet, the depletion of the smaller vitamin A 
stores in the large fat droplets of the intoxicated rats takes as long 
as that of the larger stores in the Kupffer and liver cells of the 
controls, 

lOPopper, H., and Greenberg. R., dw7z. Path., 1941, 32, 11. 
11 Josephs, H. W , Bull. J o l w  Hopk;ns Hosp., 1939, 65, 119. 
12 Cameron, G. R., a i d  Rnrunaratne, W. A. E.! J .  Ptrfh., 1936, 42, 1. 
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The change in the histologic vitamin A distribution during CCl, 
intosication indicates a shiit of vitamin -4 from morphologically 
intact peripheral areas of the Iohules to the central fatty areas. This 
shift exceeds the altered fat distribution since small fat droplets in 
the normal periphery and medium sized ones in the intermediary 
zone are free of vitamin fluorescence. It is problematic whether 
vitamin actually moves from the periphery to the center, or 
whether it is more utilized from the periphery than from the central 
large fat droplets. The latter take up the vitamin faster and release 
it slower than the intact areas as shown by the repletion and depletion 
experiments respectively of vitaniin A-deficient rats. This supports 
observations that in human liver damage the blood vitamin A level 
is low despite occasional quantitative normal liver stores,13 and that 
henieraloyia may occur. The fact that vitamin A supplements 
cause vitamin A storage in the intact areas after repleting the fatty 
ones, renders such therapy in liver damage rational. A high carbo- 
hydrate diet has a similar effect. 

Intoxication of rats with phosphorus ( 15 rats), thyroxin (9) and 
bile acids (9) showed siniilar results. 

Szwzitznvy. In CC1, poisoning vitamin A is found in damaged but 
not in uninvolved liver areas. The pathologic areas take it up 
faster and release it slower than normal ones. High vitamin A 
therapy repletes the uninvolved areas. 
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The reports of Marshall, rt ul.,'? on the use of sulfaguanidine in 
13 Bfeyer, K. A., Popper, H., Stciglnann, F., Walters, IV. H., and Zevill, S., PROC. 

+ These studies were iiiadc ~ ~ o s s i l ~ l ~  with the assistance and supplies of sulfa- 
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