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system is involved in regulation of fat trans- 
port due to release of norepinephrine a t  nerve 
endings in adipose tissue. 

Sunzmary. Concentrations of nonesterified 
fatty acids and of glucose in plasma were de- 
termined before and after infusion of epine- 
phrine and norepinephrine into dogs. At the 
same concentration and rate of infusion, nore- 
pinephrine produced a greater increase in non- 
esterified fatty acids. 

A b n n D u & i  : Since completion of this manuscript, 
\ve found that Laurell, S , Christensson, B.. A c f a  
Physiol. Scand.,  1958, ~ 4 3 .  248 reported increascd 
plasma NEFA in human subjects follo\ving norepi- 
nephrine injection. 

1. Ellis, S., Pharniacol. Re%!., 1956, v8, 485. 

2 .  Dole, V. P., J .  CZin. Invest., 1956, v35, 150. 
3.  Gordon, R. S., Jr., Cherkes, A., ibid., 1956, v35, 

4. Gordon, R. S., Jr., ibid., 1957, v36, 810. 
5 .  Gordon, R. S., Jr., Cherkes, A., PROC. SOC. EXP. 

6. Reshef, L., Shafrir, E., Shapiro, B., MetaboZisun, 

7. Grafnetter, D., Zempl&nyi, T., Chem. Abstr., 

8. Wadstriim, L. B., Nature, London, 1957, ~ 1 7 9 ,  

9. White, J ,  E., Engel, F. L., PROC. SOC. EXP. BIOL. 

10. Schotz, M. C., Masson, G. M .  C., Page, I. H., 

11. Hoffman, W. S., J .  Biol. Chem., 1937, v120, 51. 

Received April 13, 1959. P.S.E.B.M., 1959, v101. 

206. 

BTUL. AND MED., 1958, v97, 150. 

1958, v7, 723. 

1958, v52, no. 20549 g. 

259. 

A X D  MED., 1958, v99. 375. 

ihid., 1959, v101, 159. 

Periarteritis in Rats Given Single Injection of 4’-Fluoro-lO-methyl-1,2- 
benzanthracene.” (25040) 
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Periarteritis nodosa has been recognized in 
patients for almost a century( l ) ,  and an eti- 
ology of hypersensitivity has been invoked 
(2-4). Thus. the disease sometimes appears 
to follow administration of foreign sera (4 , s ) .  
and similar lesions can be induced in experi- 
mental animals by foreign proteins( 6-11). A 
number of clinical cases of periarteritis nodosa 
have been ascribed to hypersensitivity reac- 
tion to various drugs (i.e., sulfonamides( 12) 
and iodides ( 13 ) ) . Similar vascular lesions 
have been induced in experimental animals 
by a few compounds of low molecular weight. 
Periarteritis was observed in rats and mon- 
keys stressed by unilateral nephrectomy and 
high salt diet and then given 9-fluoro- or 9- 
chloro-2-methylcortisol( 14-1 6 ) .  Anemic in-  
farction of lungs was found in rats treated 
with certain halogenated hydrocarbons such 
as hexachlorotetrafluorobutane ( 17 ) . In a 

* This investigation was supported by grants from 
Nat. Inst. Health, U.S.P.H.S. and Alexander and 
Margaret Stewart Trust Fund. ?Issistance of Stanlry 
Miczio is gratefully acknowledgetl. 

study on carcinogenicity of various fluorinated 
derivatives of 1 0-me thyl- 1 ,2  - benzan thracene 
( 10-Me-BA) t all rats injected subcutaneously 
with 2.14 mg of 4’-fluoro-lO-Me-BA died 
within 8 weeks. A marked degree of vascular 
changes as found in lungs and kidneys, and 
pulmonary lesions appeared to cause death. 
Development of these lesions was followed in 
a second series of rats, and data for the latter 
experiment form the subject of this report. 

n i ~ a t e ~ i ~ l s  and Methods. Male adult albino 
rats of Holtzman stock: with average initial 
weight of 250 g were maintained in screen- 
bottom cages in groups of 2 to 4 and were fed 
Purina Laboratory Chow ad lib. Each rat  
received a single subcutaneous injection of 
0.2 ml of tricaprylin (previously dissolved in 
petroleum ether and extracted with alkali to 
remove traces of free acid) or 0.2 ml of tri- 

t Carcinogenicity studies are being made in collab- 
oration with Dr. Melvin Newman of Ohio State 
Univ., to whom we are indebted for hydrocarbons 
uwd. 

Holtznian Rat Co., Madison, Wis. 
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Various Times. 

-- 
J-I y if  roc:^ r f ~  n i nt j . X. 
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* Tricaprj-lin served as the solvent fo r  subcut. 
iiij. of the hydrocarbons and was also ndmiiiistered 
to control rats. 

t Nmneixtor denotes KO. of rats with periarter- 
itiv ; deriominator, No. of rats autopsied. 

caprylin containing 2 mg of 10-Me-BA, 2.14 
mg of 4’--fluoro- 1 0-Me-BA (equimolar to the 
10-Me-BA4), or 1.07 mg of 4’-fluoro-lO-Me- 
BA. At weekly intervals for 8 weeks the rats 
were weighed and representative animals 
(2-4/group) were killed (Table I ) ,  Autop- 
sies were performed and pieces of major tis- 
sues, except brain, were fixed in 10% for- 
malin. The sections were cut a t  6 p and 
stained with hematoxylin-eosin, periodic-acid- 
Schiff (PAS) reagent ( IS), and Kingsley stain 
(19).  On microscopic examination the vas- 
cular lesions in the organs were graded from 
1+ to 4+.  Grade 1+ designates very mild 
lesions with little or no perivascular infiltra- 
tion. Grade 4+ designates pronounced peri- 
arteritis which involves all 3 layers of the ves- 
sels and is associated with necrosis and thick- 
ening of vessel walls. Grades 2+ and 3+ 
are of intermediate severity. Only lesions of 
;!+ or greater severity were considered of 
diagnostic significance. 

Results. The general health of control rats 
and those injected with 10-bIe-BA was good; 
these rats gained an average of 130 g during 
the 8-week experimental period. On the other 
hand, rats injected with 2.14 mg of 4’-flUOrO- 
10-Me-BA gained 26 g during the first 2 
weeks and thereafter lost weight slowly. From 
the fifth to seventh weeks surviving rats aver- 
aged 5-10 g below their starting weights. 
mieights of rats injected with the lower dose 
of 4’-fluoro derivative were similar to those 
of control rats until the fifth week; thereafter, 

their weights remained essentially constant. 
Rats killed for autopsy 4 to 7 weeks after in- 
jection of 2.14 mg of 4’-Bluoro-lO-Me-BA were 
generally in poor health; some were cyanotic 
and appeared to be near death. 

The major pathological lesion was peri- 
arteritis (Table I)  which involved particu- 
larly the vessels of lungs (and kidneys, but 
occasionally also, to a lesser extent, the peri- 
adrenal and pancreatic arterioles. In  the 
lungs lesions were most pronounced in arteries 
whereas in kidneys arterioles and capillaries 
were involved. The lesions were first ob- 
served in lungs of a rat killed 2 weeks after 
injection of higher dose of 4’-fluoro- 1 0-Me- 
BA, but they were sporadic and poorly de- 
veloped. By the fourth week 4 of 7 animals 
examined had 3-4+ lesions in pulmonary 
and/or renal vessels, and all but one of the 
animals killed thereafter had advanced le- 
sions. Of the animals injected with 1.07 mg 
of 4’-fluoro-lO-Me-BA 3 of 6 rats examined 
a t  6-8 weeks had these lesions. No vascular 
lesions were observed in any rats which re- 
ceived injections of tricaprylin alone or tri- 
caprylin containing 2 mg of 10-Me-BA. 

Lungs. In the larger arteries there was a 
marked thickening of all 3 layers (Fig. 1 ) .  
The intima was characterized by endothelial 
proliferation which tended to occIude the lu- 
men. The media was edematous and infil- 
trated by numerous inflarnmatory cells, of 
which the majority were neutrophilic, polymor- 
phonuclear leukocytes and fibroblasts. Eosino- 
philic leukocytes were very scarce, even in 
sections stained with the Kingsley preparation. 
Nuclear debrjis and pyknotic and karyorrhec- 
tic nuclei were frequently scattered among 
the leukocytes. While the internal elastic 
membrane was fairly distinct, there was no 
sharp distinction between media and adventi- 
tia. Similarly, the outer layer of adventitia 
blended in with the inflammatory infiltration 
of adjacent lung tissue. Nelcrosis was rare and 
when it occurred it involved only a segment 
of the arterial wall. 

The PAS reaction stained the intima more 
strongly than other layers. It outlined cell 
membranes clearly, but did not indicate an 
excessive deposition of pol ysaccharides. 

Kidneys. Lesions in kidneys selectively in- 
volved arterioles and extended into the glom- 
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F I G .  1 (top) .  Per iar ter i t is  of :i 1)ul~t~ol l :~ry :ir- 
tery. Endothelial proliferation, as well as iiii1:uii- 
matory infiltration arid fibrosis of the nicvlin :clltl 
adverititia are evident. Grade 3 f  lesion. (1011 x , 
PAS stain.) 

F I G .  3 (bottom ). Hj-aline necrosis of kiclnc!- n r -  
terioles and  capillaries. Aft’crcnt arteriolcs a t  thc 
r ight  are dinoat  occluded. Upper l1nlf of the gloal- 
erulus at le f t  slioivs obliteration of the capi l ln~ ic.. 
Grade 3 +  irivol.i.c~nent. (100 A, PAS stain.) 

erular capillaries (Fig. 2) .  i4rterioles, par- 
ticularly the afferent arterioles, exhibited hy- 
aline necrosis which tended to obstruct the 
lumen and extended into the glomerular capil- 
laries, where the degree of involvement varied 
from only a few loops to the entire glomeru- 
lus. In some cases glomeruli were swollen 
and adherent to outer layer of Bowman’s 
capsule. These lesions are not specific for 
periarteritis since they have been described 
in malignant nephrosclerosis and glomerulo- 
nephritis as well (20). Fundamental similari- 
ties in the pathogenesis of glomerulonephritis 
and periarteritis have been suggested by Ma- 
sugi and Sato(6), Rich(4) and others who 
have stressed their frequent concurrence. We 

believe that in this case association of glom- 
erular changes with a more typical lesion in 
the lungs favors a diagnosis of periarteritis. 

Renal lesions were most pronounced in rats 
killed in fourth and fifth weeks and were ab- 
sent from those killed a t  7 and 8 weeks. This 
observation suggests that the lesion may be 
reversible. In this connection it is of interest 
that Hawn and Janeway(21) observed re- 
gression of the vascular lesions induced in 
rabbits by administration of foreign proteins; 
regression of lesions was correlated with a 
decreased level of circulating antigen. 

Discussion. The etiology of severe and 
fatal periarteritis which occurs in rats given 
a single injection of 4’-fluoro-lO-Me-BA is 
not known. Similar lesions were not seen in 
rats given equimolar doses of the parent hy- 
drocarbon 10-Me-BA, and 3-fluoro-l O-Me-BA 
was also non-toxic under same condi ti0ns.d 
The stability of C-F bonds of this type and 
the lack of reports of a similar lesion in fluo- 
ride-treated rats suggests that the fluorine 
atom itself is not involved. Hypersensitivity 
has been shown to be an etiological factor in 
periarteritis nodosa, and the possibility that 
an immunological response may occur in rats 
given 4’-fluoro- 1 0-Me-BA should also be con- 
sidered. Williams( 2 2 )  reported that a hu- 
man volunteer treated topically a t  one site 
with 9.10-dimethyl-1,2-benzanthracene and 
then, 1 and 2 months later, treated similarly 
a t  other sites showed, subsequent to second 
and third applications, a papulo-vesicular re- 
sponse both at  test site and in areas previously 
painted with the hydrocarbon. No response 
occurred after first application. Various poly- 
cyclic aromatic hydrocarbons (23-26) have 
been shown to combine with certain tissue 
proteins of the mouse in vivo. If 4’-fluoro- 
10-Me-BA likewise combines with one or more 
proteins in vivo and should yield an anti- 
genically foreign protein, autoimmunization 
would result. Such an autoimmunization 
against altered tissue proteins has been sug- 
gested by Green(27) as the basic factor in 
genesis of cancer by polycyclic hydrocarbons 
and other chemicals. 

Summary. 1. A single subcutaneous in- 
jection of 2.14 mg of 4’-fluoro-lO-methyl-1,2- 
benzanthracene in albino rats produced a se- 

$ Miller, J. A., Miller, E. C., unpublished data. 
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vere and fatal periarteritis in 4 to 8 weeks. 
Similar lesions were seen after injection of 
one-half as much of this hydrocarbon, but 
they developed more slowly. Equivalent 
levels of 10-methyl-1,Z-benzanthracene or the 
solvent alone were ineffective. 2.  The most 
severe lesions were observed in pulmonary 
arteries; this finding is in accord with the 
cyanotic conditions of some rats. Hyaline 
necrotic lesions were observed in renal arteri- 
oles and glomerular capillaries. 3.  A possible 
immunological basis for these lesions is dis- 
cussed. 
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Comparative Anti-Inflammatory Efficacy of Topically Applied Steroids 
on Human Skin. (25041) 

CARL A. SCHLAGEL AND J. I. NORTHAM (Introduced by R. W. Heinle) 
Research and Development Divisions, The Upjohn Co., Kalamazoo, Mich. 

Hundreds of hydrocortisone analogs have 
been synthesized in the search for more ideal 
anti-inflammatory agents. I t  is desirable to 
evaluate these newer compounds in animals 
and humans as quickly as possible. This pa- 
per describes results obtained using a modifi- 
cation of an unpublished assay method recom- 
mended by Brunner and Finkelstein (Re- 
search Lalboratories, The Toni Co., Chicago). 
’The original method will be reported by these 
authors. 

Immediately prior to testing, 7 
accurately weighed steroid samples are sepa- 

Xethod. 

rately dissolved in 15 ml tetrahydrofurfuryl 
alcohol (THFA) .* This irritant alcohol 
serves both as solvent for test steroids and as 
agent for prloducing experimental erythema. 
Potencies of the steroids are determined from 
their ability, when applied simultaneously 
with the irritant, to inhibit THFA-induced 
contact dermatitis. THFA alone is used as 
control. Twenty-four white male volunteers 
a t  least 2 1  years of age are used for each test. 
One by 3” Elastoplastt bandages are used to 

* Quaker Oats Co., Chicago, Ill. 
t Duke Labs., South Norwalk, Conn. 


