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In the course of a procedure to test the effect of certain renal
extracts upon experimentally produced hypertension in rats and dogs,
it was discovered at autopsy that many of the ainals ad periarteritis
nodosa. Tne lesions found in these animals ared to be identical i
gross and microscopic mplogy and i distribuion with those of
human priartefritis nodosa. A study of this condition these animals
was begun with the hope that it would add to our knowledge of the
occurrence of similar leis man.

ITERATURE

A sumnary of the reported occurren of periarteritis nodosa in
animals is prested in Table I, spection of whic reveals that the
disease has been found in a wide variey of animals, induding cows,
pigs, deer, dogs, rabbits and rats. Spontaneous o ece of isolated
cases in aniials has been recognizd for many years. Wilens and
Spol found many cases in very old rats fed a ial diet

Perirteriis nodosa has been dcribed rec ntly i rats in which
hypertesio was produced either by placing a silver camp on one
renal artery (Wison and Byrom), or by wrapping one kidney with
cellophane (Friedman, Jarman and Kiemperer), or by various other
operative procedures to indue hypertension (Cromartie).

Only 3 cases of periarteritis have been descibed in hypertensive
dogs. Child reported its occurrence in I hypertensive dog following
production of an Eck fistla Goldblatt t states that he has found the
disase in only 2 of more than wooo dogs i wile Graef and
Page did not mention its ocurence folowing the production of hyper-
tension by celloane perinephritis.
No reports have been found of the occurrene of periarteritis nodosa

in animals in which the blood prures were proved to be normal, or
in whih the kidneys were proved to be free from pathologic cange.

MTMODS

Clinical and pathological studies were made on ioo rats and 8 dogs
used for routine assays of the blood-pressure-lowering activity of cer-

* Received for publication, August 30, 1943.
t Personnal ommuication.

721



7H WKEZ ANqD VGUIRE

X.X,
& S2

e-

49O'i
a

X4 0
4.3

4WD

S

a..

o d

?IA

0ti

I-I

aar, a

a a.

i"

X34
:9 -j

2-
Q
D0

722



PWAKTUITIm NIXXiSA IN HYIRENSION 723

a



SMITH, DERK AND MCGUIRE

tam kidney extract . The dogs and rats were housed in laboratories
in different buildings. The rats were fed Rockland Rat Diet, while
the diet for the dogs consisted of dog biscuits, cooked meat scraps and
bones, and occasionally milk

Autopsies were performed on all of these animals and microscopic
sections of heart, liver, spleen, kidney, pancreas, mesentery and oc-
casinally other organs and tissues were studied.

Hypertension was induced in the rats by wrappig both kidneys
with silc according to the tehnic described by Kempf and Page.
Healthy rats of either sex, all under 6 mnlths of age and weighing
150 to 200 gin, were used. The procedure of wrapping the kidneys
was carried out in two stages: one kidney was wrapped with silk and 7
to Io days later the other kidney was wrapped in similar fashion.
Although the silk was autodaved and the instruments soaked in
alcohol, no special additional aseptic precautions were employed. Both
.stages of the operation were done under ether anesthesia, and the
incisions dosed with skin dips.

In rats, systolic arterial blood pressure determinations were carried
out according to the indirect method of Williams, Harrison and Groll-
man. The blood pressure read reported represent triplicate deter-
minations after the animals hd been heated in a box at 6o0 C. for
5 miutes. Blood pressure determinatons were made usually three or
more time a week.

Arterial blood pressure determinations in dogs were made by punc-
uring the femoral artery with an i8 gauge needle connected directly
to a mercury manter by pressure tubing. Such determinations
were made weekly or oftener.
A number of the nnimals which became hypertensive were treated

with kidney extracts designed to lower blood pressure. The extracts
were prepared by modifications of the methods published by Page,
Helmer, Kohlstaedt, Fouts, Kempf and Corcoran. These extracts were
sterile by bacteriologic test and were administered orally, itramus-
cularly, or intraperitoneally, and in a few in ces intravenously. The
dosage varied according to the response eicited. An evaluation of the
ability of these extractas to reduce the blood pressure will be presented
separately. Evidence wil be presented in this paper to show that
treatment with these extracts did not cause periarteritis nodosa

REsULTS

The lesions were similar in rats and dogs and consisted of varying
degrees of fibrinoid necrosis and inflammatory exudate in the walls of
smal and medium-sized arteries, particularly those of the mesentery,
hlar regions of abdominal viscera, and in the epicardium of the right
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ventricle. Acute, subacute and chronic stages were seen. The early
phase consisted of fibrinoid necrosis of the media and adventitia with
perivascular edema and the appearance of a few large cells resembling
macrphages or histiocytes, which frequendy contained many blue
granules in the cytoplasm. The lesions spread to involve all three
coats of the vessel walls (Fig. I), producing a necrotizing panarteritis
with pleomorphic inflammatory cellular exdation i which eosinophils
were pinent. In more chronic cases, extensive granulomatous
nodules were found m and around the vessl walls (Figs. 2 and 4).
Frequently there was thrombosis of the lumina with varying degrees
of vascular occlusion and aneurysm formation, which produced gross
nodularity and agulation of vessels (Fig. 3). The mesenterc arteries
were often enlarged to many times their normal caliber.
Tne process was largely confined to the s arteries; the arterioles

only rarely were affected and when involved the lesions were not
prominent. In a few cases with long-standing hypertension and ex-
tensive renal destruction, such as infarction, there was found the type
of arteriolar necrosis described by Goldblatt and Kahn. Such lesions
can be differentiad from those of periarteritis nodosa by the amount
and type of inflammatory cellular exudaton, the size of vessels in-
volved and, to a lesser extent, by the distnbution of the lesions. In
arteriolar necrosis inflammatory reaction is rare, but when it occurs
the cels are predominately neutrophils. In periarterits noda in-
flammatory reaction is a prominent part even of early lesons, and the
reaction is pleomorphic with neutrophils playing a minor r6le. In the
abdominal viscera, arteriolar necrosis is most commoy seen in the
nutrient arterioles within organs, while periarteritis nodosa is best
seen in the smaller arteries in the hil of an organ. In fact it is
often limited to this site.

In the majority of the animals with periarteritis nodosa the lesions
were widely distributed. Microscopic evidence of the disease was
found in every organ except the lung. In a few cases of limited dis-
tribution the coronary and hepatic arteries were the vessels most
frequently involved. For some unknown reason the arteries in the
heart which most frequently presented lesions were those in the epi-
cardium of thie right ventricle about halfway between the apex and
the atrioventricular junction. The size and histologic structure of
vessels may be an important predisposing factor in the localization of
the lesions.

Findings in Rats
In order to correlate various exerimental factors with the occur-

rence of periarteritis nodosa, the ioo rats studied were divided into the
foIlowing groups (the numbers of animals are noted):
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A. Rats which were- treaed with extracts and were not
prated up (28).
B. Rats whichwe treated with alextract but were not operated

upon (IO).
C. Rats in which was induced by the kid-

neys with silk, but which recei no renal extract (26).
D. Rats in which hyperteo was i dby the kid-

neys with sik, but whichsb receved renal extract (36).
Growp A served as contobls for the othe group i regard to sex, age,

strain, s diet and envin t
Table II gives the nIumbe of case of periarteriti nodosa foumd i

TAWA II
OccwTcucc of Perigis Nodess in Animas Sxbecd to

Vwwus Contra" r,cedwrs

Pmrer odam
Number f
amimak Prem~AMt

Group A. No operation, no extact 28 o 28
Grup B. No opeation, extrct tealted IO |

Total 38 0 38

rou C. s on, no extract 26 6 20
Group D. Sile itis eatin, extract

treated 36 20 i6

Total 62 26 36

each of the fou groups of rats. Of the 38 which were not operated
upon, none showed evidece of the disease i grossly or micro-
scopaly, while 26 or about 42 per cent of the animals which were
operated upon, s qly devod iti a The odds

g gchance are grt than i6,ooo
to I.*
Of the 62 rats with pei hIti induced by silk, 27 were males

and weref l. The l s of riar no were found in
14, or 52 per ent, of the males and 12 or perc ent, of the
females. This diffe e is too sNml to be codered significant with
this number of anias

In Table II the greateproportion of animals with periarteritis
among those treated with extracts after ration si by the
fact that extracts wre given to the animals with the higher blood

* Compute ru to the fomua for a four-fold t as desribed by Raymond
Pear (I_trodurtion to IedlcIRBiouetry and Statidics W. B. Sumden Co, Phiadeli,
1930, d. 2, P. 317).
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pressures, and, as wDllbe pointed out later in thi report, animals with
periarteritis to have higher blood pressures than e ones
without it

Since not all of the animals with silk-induced perinphritis devel-
oped nodosa, the possible etiolgic effect of theextracts
wa considered. Ten rats not operated upon received the extracts and
none developed periarteritis nodosa. Thirty-six rats operated upon
were subsequently given extracts. In i6, or about 45 per cent, penar-
teritis nodosa did not develop. Therefore, the exracts, either alone or
in ombtion with the opera, failed to produce perirtertis
nodosa in 26 anim On the other hand, 6 rats which were operated
upon but received no extracts developed periarteritis nodosa. It was
concluded, therefore, that the ttment with extracts did not cause
periarteritis in these rats. The possible efects of the extracts upon
blood pressure wil be dissed m a subsequent report
Many of the rats of this series, both with and without periartitis

nodosa, present extensive infectious processes, particlarly suppura-
tive lesions within the perinep membrane. I those nils which
present6d periarteritis there was usually biding tther of abdominal
viscera by chronic granulomatous inflam ion which pockets of
caseous necrosis and supuration were found.

In the animals which did not present periarteritis nodosa the re-
action around the silk was usually limited to a thi layer adjacent to
the renal capsule, with very little or no ivlvnt of the sur
organs and tissues. Pockets of necrosis and infection were frequently
not found. In some animals the reaction was so slight that the
perinephric menbrane was semitr ent. Sections of silIk-wrapped
lidneys were dificult to cut on the micotome; therefore it was con-
sidered im l tom numerou mic ic ions of all kid-
neys to determine aatey the iidence of ic infects

Infectio elsewhere in the body, such as lobular pnemnia oc-
curred ocionally in each- group and were considered to be of no
etioloc signifie.
A distint differe between the two groups of animals was disciosed

by the blood pressure studies shown in Table m. In order to rule out
the effect of posible errors in blood pressure readings, the mean
pressures of the two groups were compa In Table m the differ-
ences in the men blood pres between the rats with and without
periarteritis are in ed. Statil analysis permits the conclusion
that the mean pressure of the periarteritic animals each month during
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the period of obervatio was sigifiantly higher than at of the non-

The range of no al pr was d mn from 707 readings
on 83 rats before ration or extract t tment. Nimety-nine per cent
of the readings were tw ioo and 139 mm. of r , the average
being 122 mmlf.

TAZ M
Mean Blood PmsW of Rats Each Mouth after La OPastion

With -Without Si fic difceaof
1nt1rval prka rteritis d XeaA - Me&SR

last ~ ~ ~ ~ ~ ~ ~ ~ mdasa od=m __________

(A) (B) V (P. E.A)2+(P. E.a)
Mean pressure and P. E. 178.7 * o.8 167.8 o4

ist month Number of pressures 224 345 12.2
Number of animas 22 33

Meanp euandP.E. 176.6 I o.6 I65.0 04
2ndmonth Number of presres 409 422 I.I

Number of anims 24 32

1Mnplrse and P. F. 175.0 * o.6 I65.3 = 0.S
3rd month Number of pressures 326 I95 124

Number of animals 22 26

MeanprsseandP. E. 1734 0.7 I66.9 0.7
4th month Number of pssures 64 43 6.6

Number of animals IS I6

Mean pe and P. E. 1 76. I I . 1I68.9 0.-9
5th month Number of prres Ioo 95 5.I

Number of animls 6 0

Mean per.e and P. E. 189.1 * 1.3 x68.0o o.8
6th month Number of pe es 78 69 13.8

Numbe of animal 6

Findings in Dogs
Eight dogs were opeated upoQn One kidney was w d ith s

and the other kidney rmoved. Of these animals four developed
pxriarteritis and only one of these received reDal extract. Tne other
four did not develop priareritis nodosa.
As shown in Table IV, the blood pr res of dogs with periarteritis

were decidedly higher than of those withoution.
In tee of the dogs with p there were ptie foc

in the perinephric membrane and begning a s formation in the
renlal substance.

In the fourth anim in which periarteritis nodosa was limited to the
coronary arteris, no evidence of infection was found in the sections
studied. This animal died suddenly 3 weeks after operation, having

*A differnce which is three or mor tmes its probabie error is coidgnificant
(Pea, loc. cit.),
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developed h e (2X5 mm- Hg) i week after nTe
cause of death s extve myrdial n is and h age.
The four dogs which did not develop p t had mild r-

tension with no evidce of sin the kidney or peiehi
ban Two of the for had slight in some of

the viscera
TAMA TV

Moxthly Avsgc Blood Prs of Dogs
(Mm Of Mercwy)

Mexjwine probable mwr and naubar d reainaa
Intmi fte ___

______ _____imt .wamtm Dose wiethoIperlertedtks sodim Doms wute - fi madams

No. 255 No. 360 NOA No. 39 No. 314 No. 34 No. 358 No. 367

ist monthk SS58)3 I6o (6o 145*) 3 ISI *8 210 3 'i1 210

(8) (2) (I) (6) (io) (3) (3) (2)
7m f0) (2) (2) (2) (6) 6)sud moth 3 i68 170 145 199*4 2;) 2

7td month (8oA8 16 238I33
4&monthigs 205 228*51-

4th month I40 (12)

Sth month 28?

6th, month I6o
(I)

7th month w55 a2S
(3I) (I)

gth month 140 13 S

ithmonth 173*66 iso a: I
(3) (II)

roth mnonth 6* thi2 4 3(I11)2 (6)
dzth month 172 *ab2 ISO

I(so0) (x)

Wtied an the ofwing day.

Periarteritis nodos has never been n outered in the largc gou
of dogs wi a lived in thesY as the above animal

which have been ied for other purposes.
COMMENT

In rveigprevious reports concrnngthe occurrence of periarter-
itis nooain animals, it hsbeen dificltto atI-ntribut the codiio to
any one factor.

Thbe occurrtence of ticodin edmIC form in the herd of ai
deer cited in Table I suggstsan inetosaet oee,the ma-
jority of ivsgaosseem to tikhapearrisnosais not a
spcfcdiseas-e but represents, a recton(pssbl aleric) of the
arterialsystemto a vreyOf infections adtems.Richan

Gregory have reotdthe occurrence Of thsvascular lesion in human
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patients who have manifested hypersensitive reaction. to serums or
to a sulfonamide. They also descnrbed typical lesions in rabbits in
which hypersensitivity had been induced by the administration of
horse serum. Most of their animals also ha acute diffuse glomerulo-
nephritis. They described no controls or blood pressure studies.

Wilson and Byrom have noted periarteritis nodosa in certain rats
made hypertensive by damping the renal artery, and believe that the
factor determining the lesion is the sudden strain imposed on the
vessel wall by marked vasoconstriction and the resultant sudden rise
in blood pressure. These authors did not investigate the possible rela-
tion between periarteritis and the presence of infection in their animals.
Cromartie's rats, which developed periarteritis, were all hypertensive
and most of them presented infection around the kidneys. Since some
human patients with periarteritis nodosa apparently have not had
hypertension, it seems that other factors may play a r6le in the genesis
of this condition in man.

Since blood pressure levels of the two groups of hypertensive rats of
the present series were essentially the same before operation and were
within normal limits, it would be interesting to know how soon a
significant difference began to appear. Table m shows that the rise
in blood pressure following the production of perinephritis by silk had
reached a fairly constant level by the end of the first month after
operation. Also, this blood pressure level was decidedly higher in rats
which developed periarteritis nodosa.
The question arises as to which developed first, the higher blood

pressure or the periarteitis. Data are not available to answer this
question since the blood pressure of these animals was not measured
for 2 weeks following the second stage of the operation. Also, the
possible r6le played by hypersensitivity has not been determined.
These problems are now being investigated in additional series of
anils.

i. Periarteritis nodosa was found at autopsy in 26 of 62 rats and
4 of 8 dogs which had beeir made hypertensive by wrapping their
kidneys with silk. No evidence of these lesions was found in groups
of control animals.

2. In animals presenting periarteritis nodosa at autopsy, the
monthly mean blood pressure levels had been higher than in animals
in which no periarteritis nodosa was found. This higher level had
been manifested within I month after the production of perinephritis
and had been maintained throughout the 6 months of observation.

3. Suppurative lesions were common in the experimentaUy-produced
perinephric membranes.
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4. A review of the literature revealed no report of the occurrence
of periarteritis nodosa in animals in which the kidneys and the blood
pressure were proved to be normal.

S. In the present series of hypertensive a:nims the two observed
differences between those which had and those which did not have
peiarteritis nodosa were, in the former: (I) hi m blood pres-
sure levels, and (2) more frequent and MOre extensive suppurative
lesions around the kidneys.
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DESCRIPTION OF PLATES

PIAT 139

Fzc I. Renal pelvis of a t s g tiing iarte nodosa with innin
granulomatous dcane. X 49,

FMo 2. Mentery of a rat shoingmalred gFa-unat sdcnges of peateritis
nodosa. X 78.
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PLATE 140

Fio. 3. Loop of the small intestine of a rat showing typical lesions in the meseteuic
aF ea.

Fic. 4 Hearty of a rat showing periarteritis nooa in wall of right ventricle. X I40.
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