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INTRODUCTION 

At the onset of this piece of vrnrk it was our ob­

jective to find out if a glomerulonephritis that had 

been induced in rats by injections of r~bbit anti ra~ 

kidney serum was modified enough by treatment with 

cortisone to significantly increase the life span of 

rats treated with cortisone over the life span of those 

not so treated. Undertaking such work as this by 'inex­

perienced workers who are at the same time trying to ob­

tain an education in medicine presents several difficult­

ies . Foremost among these are lack of tine when the ex­

periment requires a good deal of time and inexperience 

in working with laboratory animals . It has been our mis­

fortune in our experiment to have had a great deal of 

pne~Lmonia in our rats; in fact , nearly all of our rats 

that died after surviving the initial shock of receiv­

ing the anti rat kidney serU111 died of .pneumonia ., 

which v1ill be described later . Very few of our rats 

have died with a typical nephrotic syndrome nor have 

many shown pale , scarred, and contracted kidneys , which 

one expects to see in death from renal failure from 

chronic glomerulonephritis. 

Although our original goal has not been attained 

in a pure and simple form, we have been able to make 
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certain observations that allow us to arrive at some 

opinions concerning the subject under dis cussion . 

Before discussing the experinent , houever , it might be 

wel l to review the physiologic effects of cortisone , 

the etiology of glomerulonepm~itis i n man and its path­

ology , and explain our reason for believing that corti­

sone I11ie;ht modify the course of this pathology. 

C0RTIS0UE 

Although an extensive review of cortisone is not 

feasible here , I would like to consider most of the 

effects of cortisone since several of those due to high 

dosages of this hormone were seen in our rats. These 

results of cortisone therapy, at least in several in­

stances , occur only with high doses , such as 200 mg . in 

and adult human. They will be considered in this order : 

Effects on carbohydrate , fat, and protein metabolism; 

electrolyte balance; lymphatic and hemopoetic systems ; 

on various tissues and systems; connective tissue, 

in:flarnmation, and healing; allergy and sensitivity; 

and stress , and resistance. 

1. Effect of Cortisone on Carbohydrate Metabolism: 

Cortisone has a diabetogenic effect upon the car­

bohydrate metabolism. It increases blood sugar levels 

and often causes glycosuria, though this usually doesn 1 t 
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occur in humans vrithout latent or frank diabetes 

(Sprague , 1) . There is some indication that there may 

be a decreased renal threshold for glucose (Sprasue , 1 ). 

Gluconeogenesis is increased since amino acid and fat ­

ty acid levels in the blood are up , according to Bartter 

(2) this is apparently an essential part of Selye 1 s 

alarm reaction to increase the metabolic pool . This 

all contributes to the availability of a l arge energy 

resevoir resulting in increased glycogen and fat stor-

ase (Bartter , 2) . 
0 

2. Effect on Fat L:etabolism: 

As stated above ketone bodies in the blood and 

fat storage increase under cortisone therapy . Spr';J.gue 

(3) reports that the storage of fat to give the moon 

.face an.cl buffalo hwnp appeal."·ance typical of Cushing I s 

syndrome may appear even on an inadequate diet . Ingle ·(L~) 

re:rnrted an increase in serUJ:1 lipids from l 9·r to 617; in 

8 of 10 patients vii th an acconpanying though slov1er rise 

in se::-um cholesterol . Booker (5) and 3prae;ue (3) like­

·r1ise reported increases in serur.1 cholesterol due possi­

bly to liberation of cholesterol with vi trunin C stor-

age in the adrenal (Booker , 5) or to a decreased Meta­

bolic rate so often seen in ~atients on cortisone therapy 

plus decreased require~ents of cholesterol esters for 
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s·ynthesis of coPtisone or related compounds (Sprague ., 3). 

Decreases in serum cholesterol with an accompanying de ­

crease in esters has been dononstrated Ylith ACTH ther­

apy (Sprasue ., J). 

J. :Sffect on Nitrogen and Protein Eetabolism: 

Cortisone and related conpounds have a great effect 

on nitrogen metabolism. Shortly after adlrinistration 

of cortisone is begun urinary excretion of nitrogen in­

creases greatly to reveal a negative nitrogen balance . 

In a study by Thorn (6) using ACTH this increase in ur­

inary excretion of nitrogen increased up to 58%. This 

increase appears to be due to both catabolic and enti­

o.nabolic effects on the ~rotein metabolisn. In experi­

mental aninals this causes a loss of both normal and 

abnorn1a.l protein ( tumor :9rotein ) and results in an over­

all retardation of growth or~ weight loss (Ingle., 

4, 7, 8) . In addition to the negative nitrogen balance 

these effects also cause increased blood levels and ur­

inary excretion of a.Bina acids and increased urinary 

excretion of phosphorus , and potassium (Bartter., 2) . 

·.1hi tney and Bennett ( 9) have ::,resented so:.ne evid.ence 

that diets high in potassium chloride decrease the 

catabolic effect of ACTH on nitrogen metabolism in 

rats. According to Sprague (3) the body adapts 



somer1hat to the induced negative hi trogen balance 

since the peak nitrogen excretion in urine is not sus­

tained. Harked rrn icht loss in laboratory animals re­

ceiving high doses of cortisone are often due to in­

.fect;ion resulting from decreased resistance (Selye , 10}. 

According to Ingle (4) cortisone allowed rat muscle to 

function longer because it prevented .formation of urea. 

It also necessitates an increase in liver arginase , 

which is necessary for urea formation and is involved 

in detoxification of amino acids . Under cortisone stim­

ulation the serun1 albumin usually increases while the 

globulin decreases more so resulting in an increased 

: G ratio with a,_ decrease in TSP. Urine uric acid and 

creatinine excretion 11re also increased, however Sprague 

(1) contends that after two to three 1,veeks of therapy 

cortisone and ACTH lose their effect of increasing ur­

inary excretion of uric acid. Ingbar (11) states that 

this change is due to increased tubular excretion and 

decreased tubuls.r reabsorption or uric acid. 

4. Effect on Electrolyte and Fluid Balance: 

Selye (12 , 13) contends that cortisone and sim­

ilar comp ounds are primary gluco-corticoids , vn~ile des~ 

o;z:ycgrtico sterone (DCA) and siLtllar compound~ are min­

eralo-corticoids. By this he means that cortisone has 
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its main action on carbohydrate metabolism (including 

the fat 8-!ld protein metabolism which effect this) , while 

DCA has its ma.in effect on electrolyte balance , though 

each compound has properties of the other , but only to 

a slight degree . According to Sprague (3) cortisone 

has about one fiftieth the Na Cl and water retaining 

power of DCA. Antagonistic effects of DCA and cortisone 

on electrolyte metabolism as well as on artificially 

induced lesions in the cardiovascular and renal tissue 

have been described by Davis (14) and Selye (12 , 13, 1_5). 

It would be v1ell to recall the statement r.iade earlier 

that changes mentioned here occur only with higher doses 

of cortisone . According to Sprague (1) prolonged admin­

istration (to JO days) with 100 mg . cortisone daily in 

an adult usually causes no change in electrolyte balance 

or water metabolism unless the patient being treated is 

suffering from adrenal insufficiency. Doses of ACTH pro­

ducing siwilar clinical changes as in rheumatoid arth­

ritis , rheumatic fever , etc. produce greater changes 

in electrolyte and fluid balance than does cortisone 

since it stimulates production of DCA as well as corti­

sone . (Sprague 3, Bolye 13) • 

Perhaps one of the first effects on the electro­

lvte metabolism is that of increased excretion of .., 
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potassium. This increase roughly parallels the in­

crease in urine NPN (Ingle , 8) and as stated earlier 

proba'lilly results in part from increased protein cata­

bolism and probably from an increased renal excretion 

(Ingbar , 11) , this K is probably mainly intra0 ellular 

(Sprague , l; Bartter , 2) . There is likewise an increased 

urinary excretion of P and Ca. Cortisone usual ly causes 
,:, 

,a transcient (2-4 day) retention of Na Cl and water 

often followed by an increased excretion of them (Sprague ., 

l; Ingle , 4) . Without concommitant heart disease the Ua 

retention is usually insignificant (Sprague , 3 ) . \"/ith 

high doses of cortisone a hypokalentla and hypochloremia 

often develop producing an alkalosis . Sprague (1) de­

creased the Kloss by concurrent administration of 25 mg . 

testosterone proprionate. Ingb$.I' (11) thought Kloss was 

decreased with a 101.v Na diet which resulted in a decreased 

renal tubular exchange of K with Na. In patients given 

DCA on low Na diets receiving cortisone Ingbar (11) did 

not get increased K excretion . 

5. Effect on hemopoetic and lymphoid systems : 

Vi th cortisone ther~py there is usually sone degree 

of lymphopenia, regression of lymphoid tissue , a decrea_se 

in eosinophils and often a slight polymorphonuclear 

leucocytosis. According to Sprague (3) this decrease 
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in lymphoid tissue results from increased destruction 

of lymphocytes . Eosinopenia results from the effect 

cortisone has of decreasing the allergic response . The 

response of the patient to cortisone is more accurately 

meaaured by the decrease in circulating eosinophils 

since nuch larger doses are required to cause a decrease 

in circulating lymphocytes . With cortisone therapy there 

is usually a decreased hematocrit and hemoglobin thought 

to be due to hemodilution (Sprague , 1) . 

6. Effect on Various Tissues and Systems: 

The effects of cortisone on various tissues and 

systems probably result :from both specific primary 

physiologic changes and changes resulting from altered 

metabolism of fat , protein, carbohydrate , electrolytes , 

and water. On the skin acne and hirsuitism are often 

produced f1 .. om . androgenic effects of cortisone , although 

baldness is often produced at the sites of injection in 

aniw..als , probably from protein catabolisn1 (Ingle , 4) . 
Cutaneous striae , increased pigmentation may result and 

less often keratosis pilnris (sand paper like skin) 

(Sprague , 1) . 

Cortisone causes an increased secretion of uropep­

sin in the urine . It also stimulates the appetite . The 

increased formation of pepsin plus protein catabolism 
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a poor t i ssue response to inflanrrnation , and poor heal­

ling caused by cortisone given a patient who needs just 

this boost to develop an ulcer has been responsible 

for an ulcer developing (Sprague , 2 ; Selye , l J ). Per­

foration rri th per itonitis has occurred \7i th no symptoms 

other than absent peristalsis and decreased liver dull ­

ness (Beck , 16) . 

Effects of cortisone upon blood pressure and the 

heart are not marked in the normal person. Honever , 

most patients nith renal di s ease develop or show a 

more marked hypertension virhile re ceiving the hormone 

(Spracue , 1 , 3 ). This effect is decreased somewhat with 

a low salt diet . Cardiac failure is sometimes pre­

cipitated by cortisone therapy in patients ni th ante­

cedent hear t disease . This complication also is de­

creased ·with low salt diets (Sprague ., 3) . 

Excitability of the brain is increased by admin­

istration of cortisone. Treatment vii th cortisone or 

ACTH is occasionally accompanied by convulsions , l ess 

often by coma . These :._'.)eople usually show an abnormal 

EEG. The rnost co::1m.on psychiatric changes are a mild 

euphoria, restlessness , ~anic behavior , or depression. 

sychotic reactions occm~ ?robably only in predis ­

~osed patients . The cause for all these is not 
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clear (3pr aeue , 1) . 

Alnost every endocrine gl8nd is effected by corti­

sone . It de~resses the activity of the anterior ?itui­

tary . The action it }1as on other glandular tissue nay 

be mediated in ~) art through this depression , though 

most o.f these changes occur Yri th ACTH therapy also 

{Sprague , J ). Usually thyroid .function is decreased, 

though in Addison ' s dise as e it usually increases . As 

stated before the action of insuli n is antagonized . 

Amenorrhea often occurs with this type of therapy as 

well as decreased libido in nales . As stated be.fore 

hirsu:i.tism in females raay occur due to and:r>ogenic 

effects of cortisone . ::::;xcept for an increase in baso­

phils in the hypowysis and the repla cement of baso­

philic granules by lu..mpy masses of bc._sophilic hyaline 

material and a decrease in the size of the adrenal 

cortex, ~ri11cipally in the f ascicular ~md reticular 

zones , there are no marked changes in the endocrine 

glands in ~ian . According to I ngle (4 ) there have been 

reports of increase in the weight of the thyroid and 

a decrease in the size of the genital organs of rats 

receiving ACTH or cortisone . Antagonistic effects of 

ACTH and cortisone \"Ii th DCA and the so~iatotrophic hor­

mone of the anterior pituitary rlill be discussed later . 
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7. :::::ffect on Connect:i ve Tissue , Inflamr:1ation, and 

Healing: 

The action of cortisone on the mesenchymal tissue 

and the reaction of this tissue to stress of one sort 

or another constitute most of the reasons for its use 

clinica lly. It is ,, common kno,:rledge that cortisone 

decreases tissue response to inflamr.1ation and delays 

healing. Ju::it hovr cortisone causes such effects upon 

the connective tissue is unknovm, though the effect 

this hor:mone has on _:-rotein netabolisri probably pl ays 

some part (Ragan, 17) . The fact that cortisone has no 

effect in reducing pre""existing granulation tissue 

(Spain, 18), however , tends to make on suspect that any 

such effect v10uld be caused fro:11 antianabolic effects 

of cortisone and not by its catabolic effects on nro­

tein netabolism. The ability of cortisone to cause 

regression of lymphoid tissue seems to be specific for 

such tissue and is not usually shared by a ll mesenchy­

mal tissue .' It should also be noted that restoration 

of a positive n balance v,ith testosterone proprionate 

does not alter the response of patients with rheumatic 

fever to cortisone or ACTH (Sprague, J). At the site of 

stress in connective tissue in ~atients receiving corti­

sone one sees a poor fibroblastic response , fibroblasts 
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present ap~ear undersized (Baker , 19), there is also 

a poor response by :.nacro:::>hages , decreased growth of 

capillary endothelium from what is normally seen, 

and a decrease in ground substance . Cortisone also 

exhibits noticeable anti hyaluronidase or an anti 

spreading activity . This action is antagonized by the 

so~totrophic hormone (Sey:le, 10). Sp~in (18 ) noted thRt 

this poor response of the c. T. vras similar in several 

\7ays to th1.t seen in vi tarnin C deficiencies . [ On the 

other hand Schaffenburg (20) pointed out the presence 

of similar symptons in scurvy and adrenal insufficiency. 

These include: 1. Clinical symptoms (astheni~., ady­

nani~ , weight loss), 2. Disturbance in water (edema) ., 

salt (K retention ), and carbohydrate and protein 

metabolism (decreased liver glycogen and increased 

blood urea ni trogen) . Both Schaffenburg (20 ) and 

Booker (21) noted that ACTH and cortisone tended to de­

crease the effects of scurvy while DCA a~tagonized them.) 

Baker (19) beli eved that this action of cortisone vras 

probably on peripheral cells and even on the inter­

stitial matrix of the c. T. He believed the primary site 

was the fibroblasts. The local action was demonstrated 

by areas of b 2.ldr1ess, imp aired growth of granulation 

tissue, and atro~hy of dermal c. T. at sites of adnunistration; 
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these were not predicated bya nitrogen l oss f r om 

the body . This decrease in fibroblastic activity was 

also noted by Creditor (22). In attempting to pr o­

motB wound hepling in ::_') atients receiving ACTH he in­

jected hyaluronidase and penicillin into the wounds 

with the result that nru.ch fibrin vms deposited between 

the wound ed~es , although inv~sion by_f ibrool asts and 

true healing did not oc cur . The failure of the c. T. 

to respond to injury , inflaro2uation , etc. ~nder infl uence 

of ACTH or cortisone probc_bly ac counts for the useful­

ness of' these hormones in most of the diseases in rrhi ch 

they produce beneficial results , though a full explan­

ation for this is not available . 

8. ~ffect on Allergy and Sensitivity: 

Cortisone is often capable of causing marked re­

lief in allergic diseases though in many instances it 

does not p1"event allergi c reactions, fron oc curring . 

Rose (23) observed that cortisone decreased uri ne his­

tamine while it increased urinary excretion of histidine . 

Somewhat contrary to this Grot (24) noted an increase 

in urinary excretion in both histidine and hista.rnine 

after injection of histidine under cortisone treatment , 

that of histidine showing the greates t increase . This 

v1as due to decre~sed tubular reabsorption of these 
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compounds. Both Co.rryer (25) and Spain (26) found that 

cortisone had no effect upon preventi ng histamine form­

ation during antibody-antigen union in vitro. Selye (27) 

experimentally significantly reduced the anaphylactoid 

reactions of single i ntraperitoneal injections of egg 

white in rats vrith cortisone; however , Gray (28) 

and Dvroretzky (29) presented experimental evidence to 

show that it did not prevent the anaphlactic shock 

that followed succeeding doses of horse serum and egg 

white , and Friedlander (30) showed that it did not 

prevent bronchospasm in guinea pigs or whealing react­

ions in human skin caused by histamine . However , 

StoBrck (31) observed a decrease in the tuberculin re­

action in guinea pigs and Marcus (32) a decl"'ease in 

the SchYrartzman phenonenon in rabbi ts proportional to 

the amount of ACTH or cortisone given . Stoorch (31) 

believed this uas due to the degradati on of antibody 

protein by cortisone vrhi1e tiarcus believed the decrease 

in the Schrrartzman phenomenon \'IE>.S due to a decrease of 

the inflam::.1.a.tory res)onse. Although there is a trans­

cient increase in antibody titer following cortisone 

a,.dminist1~~tion due to the :.:'lC::>easecl destruction of' 

lymphocytes, follovrnd by a decrease in circulating 

antibodies (Ingle ., 4) vihich continues through treatnent 
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vrith ACTH or cortisone, it has been shovm tha t at least 

certain antibody formation is not a ltered . Mirick (33) 

showed that neither of those hormones altered the form­

ation of antibodies to pne~Lmococca l polysaccharides 

al though there was a decrease in sermn globulin and skin 

sensi ti vi ty to the antigen. If Mirick' s (33) obser­

v 3tions hold true for all antibodies, it nould appea.r 

that the decrease in skin reactior~ is due to a de­

creased response of this tissue to the inflammatory re­

action as r.Iarcus (32 ) believed . DeCI·eased vsscular 

daT:iac;e fron vascular reactions due to horse serum were 

noted in rabbi ts being treated with cortisone cor1p 9-red 

vii th those not receiving treatment by :::::;bert (34) , :"how­

ever, exacerbations in the treated animals occu:"red v1hen 

cortisone therapy was stopped. ~bert (JL!_) feels that 

the suppression of effects due to the horse serum is 

due to non s p ecific effects of cortisone and not to 

sup2ression of antibody formatio n or anti body ioUld antigen 

union. Sprac;ue (3) sinilarly believed that the bene­

ficial effects of cortisone in allergic reactions ~~e 

due to nrevention of the c. T. response to sti~ru.lation_ 

He does not believe cortisone has any antihistaminic ~ 

properties . Ho;:rever , Selye (12), noted the sL0tllari ty 

of results of _'.\.CTH and cortisone and the ro1.tihistar:1in:i:cs 
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in many conditions and suge;ested that it micht be vrnll 

to try the antihista1:1ics in sm::e of the diseases that 

have been treated effectively with AC'I1H and cortisone 

\7here antihistGmics he,ve not been used previously . It 

rr.icht be ,;;ell to remember at this point that ascorbic 

acic has also been used in allergic diseases in th0 ~ast 

(Bicknell , 3.5) thour;h vtith less success than either 

cortisone or the antihistamin±<Zs . 

9 . ~ffect on 3tress and Resistance: 

~ ~l though the co1"lplete roles of the endocrine 612.nds 

in the al 9.rr1. reo..ction have not been v10rked out , observa­

ti ons concerninc them, particularly the anterior 

pituitary and the adrenal glands , are ver·y intere stinc; 

end :1rob:-.bly :9ertinent to this thesis . Selye (13 ) has 

pointed out th.at it is a non- specific reaction o.nd 

occurs in a normal human or anim~l fr01:1 ony ty~, e of 

stress rrhether it be a burn, exposure to cold , infection, 

irrndiation , emotional stress , etc . Bartter (2) 

pointed out that the effects of cortisone on the netab­

olism le~d to a pool of glycoeen at the ex~onse of body 

proto:,lc,sr.i to create a sup::-ly of easily mobilizable 

energy; houever other observations of 3elye (10 , 12) 

l ead hi:r:1 to believe that a well adjusted reaction to 

stress invol ves a b :;_lance betneen ACTH, cortisone , DCA , 
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and the s or:a tr o::.,hi c hormone ( 3TH) • On the one hand 

Jelye (10) shoi:red that rats treated with high doses of 

AC':':H or cortisone usually lost neight end died of in­

fections due to normally non- pathoe;enic be.cteria, 

usually infections of the lune; and pleura . The lesions 

produced shovrnd very little or no granulation tissue 

f'orn,J.ng in an attemr)t to nall off the bacterial colonies . 

Jnen STH vras aili11inistcred in conjunction Yri th ACTE or 

cortisone no rats died . It v,,, s also noted that STII 

erJ1.ancod the snreadinr: of hemorrlobin in soft tissue .... .._, ...... 

rrhile ACTE and cortisone decreased it . 

High doses of DCA or STH; on the other hand , ::_:iro­

c.ucea a rreic;ht e;ain rri th hypertrophy and hy1)erplasia 

of renal , hepatic , and S)lenic tissues (Selye , 10) . I n 

rats with one kidney removed o.nd 1 ;t Na Cl solution 

continu:ed hic;h doses of STH produced nephrosclorosi s, 

!)eriarteritis nodosa , hypertension , and myocarditis 

':':hese results nere decreased rrith similtaneous treBt -

mcnt rli th cortisone , but ac;sravated by both ACTE f"'..nd 

DCA . It is also interesting to note that Selye (12 ) has 

:,reventcd ?-rthritis in rats produced by formaldehyde 

injected into the joint by eliciting the stress reaction 

::,Peviously vii th ei th.er forced exercise or exposure to 

cold , or vrith extrinsic cortisone , rrhile continued stress , 
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such as prolonged exposure to cold has caused lesions 

sintllar to those produced by DCA or STH. These re­

sults make one wonder if the failure to 1".1.8.intain 

adaptation doesn ' t lie r1ith a possible exhaustion of 

the gluco- corticoid side of a balance between these 

various hormones . The necessity of the two sets work­

ing i n harmony has been p ointed out in one inst i::i.nc e by 

Selye (10) , at least hypothetically . He :points out 

that during invasion by bacteria cortisone decr eases 

the spread locc.lly by its anti - spreadine; effect while 

3TH decreases the spread by ?romoting formation of 

granulation tissue . Though !:Ill.ch remains to be un­

covered concernine; the balance between these hormones 

in the reaction of the body to stress , this hy~othesis 

probably·correctly shows that such a balance does exist 

and is ver-J necessary. 

us:; OF CORTISONE I H GLCIJ.::RULONEPIIRI'rIS I N IMIJ 

_.t the onset of this discussion it might be ·\7ell 

to review briefly the etiology and pathology of glom­

erulonephri tis in huraans and also explain our reasons 

for using cortisone in the treatment of the nephritis 

we produced ar'tificially . 

I t is generally acreeed on that glomerulonephritis 

results frOLl an allergy or hypersensitivity of the 
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kidney tissue i nvolved to a bacterial product , possibly 

to an antigen formed by union of b~cterial products 

with kidney tissue (Fashena and Harrison, 36) . Glom­

erulonephritis has been produced experimentally by 

inoculating homolagous kidney extracts combined with 

killed streptocci (Fashena & Harrison, 36). The infect­

ion preceding , usually about one to three weeks , is 

most alrrays caused by beta hemolytic streptococci , 

usually an upper respiratory infecti on , though staphy­

lococcal skin infections and others , usually of the 

cocc a l gr our:,, may cause it. The development of high 

antibody titers during t his interva l has sugcested an 

allergic cause of the disease also . It is interestine 

to note that during ;[orld :ra rs I and II the disease 

occurred with considerable i'r equency arnong men exposed 

to prolonged cold and e_xhaustioi1 ., (Fashena and Harrison , 

36) though these factors are considered i n~or tant by 

Fashena end Harrison only to the extent that they pre­

disposed to the infection . 

The disease usually begins in the first t wo decades ., 

though an onset up to the age of 40 is not too unco:rrr~on . 

!.:ild cases very lilrnly oi'ten go undiagnosed. It is char­

acter ized by protei~-e.mia , c asts and red blood cells in 

the urine , and s ometimes by edema, im~aired renal 
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function , and hypertensionJ In death from acute glom­

erulonephritis the kidney is uuually swollen, the outer 

surf ace smooth , and often p ale with small reddish 

dots from minute hemorrhages in the cortex. The cut 

surface usually shows a pale , bulging cortex snd con­

gested , reddened medulla. lllcroscopically the glomer­

uli are enlarged , bloodless , and quite cellular as a 

result of endothelial proliferation. Intracapillary 

fibers , eventually resenbling collagen fibers , may 

appear. Often there is prol~feration of the epithe­

lial cells in the glomerular tufts , though this occurs 

less regularly and to a lesser extent than that of the 

glomerular endothelium. Adhesions between tuft snd 

capsule r:IB..y oc cm-- , especially if there is much prolif­

eration of the cells of the epithelium of the capsular 

lining, Tubules shov1 varying degrees of degeneration, 

usually from fatty changes and sometimes hyaline drop­

let acctunulation. Protein and red cells are often 

present in the lumen of the tubules . Desqua.mation of 

tubular cells usually occurs. The interstitial tissue 

is usually edematous and infiltrated with leucocytes. 

The acute form may progress into a sub~cute form 

which results in termination in ur emia in a fei'l months . 

The main features here are albur.'1inEri ai edema , and 
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hypertension resulting from renal insufficiency . 

t autoJsy the kidneys are enlarged , pale and soft . 

The surface rnay not be smooth and the capsule may 

ad..hore in ?laces . The cut surface reveals a pale , 

thickened -cortex ,. 1:icroscopically e~,i thelial pro­

liferation is pror.iinent 2.nd crescents , formed by pro­

liferation of c ay:,sule.r epi theliu.rn, are numerous . Ad­

hesi ons obliterating the cap sular s~ace due to this 

growth are cor:-e1on . Hyalinized gloneruli are not com­

mon in t hi s stage . Tubular degeneration and atrophy 

are com.:.1on , tubular c asts are often present . Inter­

stitial material is slichtly increased or not at all . 

Blood vessels likewise shon slight or no changes . 

Chronic e;lomerulonephritis may result from a 

slovr l)roe;ression fnom the acute phase; however , nore 

cor.n:wnly it results fror.1 repeated stre:_)tococcal in­

fection with added renal damage after each infection . 

O:'ten there is no history of a cute phases v1hi ch \"Tere 

:.-:tlld and passed unnoticed . Patients ni th chronic 

clor-1erulone:9hri tis often appe ar v,ell until almost 

no renal f1..mction rel"1ains . Death is usually sim­

ilar to that soon v1i th sub a cute c lonerulone::;.ihri tis . 

Post L:orten exru.m.nation of these kidneys reveal a 

small , scarr>ed , pal e kidney nith a quite adherent 
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capsule . The cortex is narrov1 and scarred. Llicro­

scopically many glo:moruli 2J'."e re:9resentod by rounded 

hyaline masses , tubules are for the i710st part atroi)hic 

or have dis~ppeared . There i~ a great increase in the 

con:~ecti ve tissue . S:·1.all and medium sized arteries 

show varyin.c; degrees of i:::.timal and ::iedial prolifer­

ation and thickening . I n the nore rapidly :progressing 

ca.sos the arteries s,re said to show more cellular in­

tir1al thiclrnnins and arteriolar ne crosi s, 1.vhile the 

sloue1" c9..sos shou mainly intimal fibrosis , splitting 

and redu~lication of elastic la.mellae , and arteriolar 

hyalinization . 

Anderson, 37) . 

(':'his section on Pathology in Ii.2.n from 

•• ~.SULTS OF TRCATI:..:1JT OF GLOI~RULOHl:P:-illITIJ AlTD C:~F1BOJIS 

':JITE: CORT IS OLZ I lT IJAH : 

During the past three or four years cortisone and 

ACTH have been used to a fair degree in renal disease , 

thouch for the :.10s t part this has been for· promoting 

diuresis in the edena of the nenhrotic synch"one , ::1ostly 

i n ch::_ldren rJi th ne:9hrosis . It vrnuld probably be rrnll 

to review a fen o:f these articles not because o:f the 

occasional occurrence of glomerulonephritis and 

nephrosis together , but because beneficial chanses 

are possibly not specific for just one of the diseases , 
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but may o c cur vii th both. 

Encouraging results in the treatment of the 

nephrotic sync7.~ome vii th Lfi':'H have been reported (Iriet­

coff , 38; Rapoport , 39; Hecker , 40 ; Barnett , ~.1; Farns­

v1orth, 1+2 ; Bjorneboe , L~3 ) , while less encouraging re­

sults have been reported with cortisone (Rapoport , 39 

and Leutcher , 44) . Metcoff (38) used ACTH in such 

cases to see if ACTE v1ould favorably alter the perm­

eability and reaction of the glonerular base:nent 

nembra...n.e and if this alteration vrould lead to improved 

tubulaL" cell function with a se c ondary renal hemody­

nrunic adjustment . Observations by Bjorneboe (~3) lend 

support to this idea. Bjorneboe and his associates 

observed that when human serum albu,..J:i.n ·,7as ad:r:tlnis­

tered in these cases \1i thout :previous treatment with 

ACTH an increase in ~,roteinuria follovrnd , but when 

AC'J:lII was previously given proteinuria did not in­

crease . These authors felt that the difference Ylas 

due to the fact that the tubules and glomeruli had 

become less permeable with regard to protein . 

Thorn (4.5) and his associates observed six patients 

in the nephrotic syndrome of chronic glonerulonephritis , 

four of nl'1om were treated ui t:'::1 ACTH "IThile tuo \,ere 

treated with cortisone . The forner diuresed \"/ell , but 
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the latte:t>::..1 poorly. He believed the diuresis rra.s due 

to a 11 renal tubular f a tigue." He supported this tlieory 

by the observati ons tha t after a few days of therapy 

"Ii th ACTH the kidneys shov1 a marked reduction in 

s ensitivity to DCA and posterior pituit9~y extract 

plus the fact tha t patient s vri th Cushing I s syndr ome 

:1ave an. increased capacity for eli!!l.inatin5 a test sodium 

load f ollowi ng adr,tl!"listrat ion of DCA . Thorn t hou0ht 

this decreased sensitivity r:tlght result from a qual-

i t ~ti ve change in the ratio of DCA and cortisone-like 

compounds by the adrenal cortex under con tinued ACTH 

therapy . He ·Jeli eved that i ncreased amount s of extn a­

c ellular fluid anc1. electrolytes , a te2n:i:,or ary adrenal 

insufficiency followi ns ces sati on of ACTTI or cortisone 

therapy, ~nd decreased i n over all tissue edema tin­

eluding kidney) also f avored di uresis and decreased 

~roteinuri a . Bjorneboe (43) sup9orts Thorn's theory 

of 11 renal tubular fatigue 11 a s vrell as Metcofft s belief 

discussed ea:.0 li:er., but did not believe decreased edema 

f avored decreased proteinuria. B:orneboe thought di ­

uresis and decreased proteinuria to be i ndependent 

processes s ince the diuretic eff ect could occur af t er 

a fall in proteinuri a had begun . I:Ietcoff thought a 

mild adrenal insufficiency follovrine; ces s ati on of 
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therapy had nothing to do with diuresis since in his 

series diuresis usually began vrhile therapy v1as coing 

on. nearly all observers- acree that increase in ex­

tracelllilar .fluid volune and increase in plasma electro­

lytes aid the diuresis that occurs. ( It $hould ~) e noted 

that the decre a sed responsiveness of the kidLeytto 

DCA agrees rri th Selye s (13) theory that cortisone and 

_.CTl1 decrease the effect of DCA , possibly by decreas­

ir..g the reactivity of cel l s to DCA. Horrnver , why ACT!-I , 

which a lso stinulates production of desoxycorticosterone 

is more effective than cortisone , remains to be seen . 

In Thorn • s work cortisone t1as used ~n 1 ess satisfa ct­

ory patients than ACTH. ) 

In the l arger series (Hetcoff ., 38; Rapoport , 39) 

a pproximately 75;; of the patients diuresed after treat-

inent . ecurrence varied , though in T.Ietcoff I s series 

50% remained n i thout edema in three T~onths and in 16 

patients 6 were without recurrence in 6 mont hs and 6 

m.oro without recurrence in 12 months . In five cases 

whe1•e cortison e was used Rapoport (39 ) got no diuresis , 

however Leutcher (1.~ ) got conplete dis ap~)earance of 

edema in 6 of 11 cas es using cortisone . Favorable 

findi ngs indicative of i nproved renal function vrere 

decreased t roteinuria , increased TSP vlith increase in 
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the A:G ratio , decreased serum cholesterol , restora-

tion of uater and electrolyte balance , and an increased 

glomerular filtration rate . In one case of Farns vrnrth t s,. 

and 2 of Leutcher's 11 patients proteinui.,ia cleared 

conpJ. etely. It should be 1.,0T.1er'l'.:.i o:...,0d , ho'-7cver , that 

about 25» of these cases clear sponto_neousl'7" X.:_d ~lso . u 

that renissions may occur spontaneously. All of these 

authors agreed that for beneficial effects to occur 

the kid..ney Tnrenchyma :rrrust be potentially physiologic­

ally reve1.,sible and not morphologically irreversible . 

Thon0h r1ost of then were hopeful that these hor mones 

:n0ht alter the course of nephrosis , none said anything 

other than tine v10uld tel::_. Rapo:0ort believed tho 

effect rrould be ter-i~Jorary as in rhe1..1.natic fever or 

lu~us erythe::iatosis. 

In a fairly coi,!:plete revie1."! of the li tera tu.re only 

four articles pertainins to treat 1ent of acute or sub­

acute 5lonerulonephri tis vri th AC'.r:I or cortisone vrere 

found (Thorn, 4.5; Farnsworth , L1.6 ; Burnett , 4 7; and Ja­

cobsen, 48). Of these four onl/ Farns1.'rorth thought the 

course of the disease '17as forably altered with ACTH . It 

is notevrnrthy that her c ases were treated for lone er per­

iods than the others ( one to tr10 r1onths ) and that her 

patients were 5, 9, and 12 yo2.rs old. In 1:1ost instances 
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renal function ir.iproved while pat ients v10re receiving 

the hor::-ionos . In Thorn ' s four c ases 3 benefited slightly 

fro~·: ACTH by decreases in hematuria., azotemio.. , and 

proteinm:'ia~ In 3 cases there was a te~ll)orru."'y in-

crease in hanaturia nhen therapy v1as stopped . One of 

Thorn's patients 1;-,ith psoPiatic glomerulonephritis , 

s11.owed narked i:,1:rirovement of paoriasis and arthritis but 

ver·J little if any i r.1provement in the r enal disease . 

Of Farns1:10rth 1 s 3 c ases , 2 subacute and 1 acute , hem­

aturia, hy~ertension, and azotemia were sreatly de­

creased in ti:10 c ases , including one subacute glomerulo­

ne:9hri tis that had been present for six weeks , and one 

acute case. In one e ase of subacute GU !)resent fol"' 5 

months the 9atient improved ,;rh.:.le on tre atment vri th 

ACTH, though henaturia recurred a few weeks after 

therap:,r 1;ras stop~ ed. 

Jacobson observed 2 c ases of acute and one of 

subacute GH . In one c2.se of acute GN treo.. ted a totn.l 

of 4 vreeks (3 rreeks and l vrnek ,;ii th 2 weeks interven­

ing) a routine urinalysis 3 11eeks after _trc 2.tment vms 

sto}.):·)ed .shoVied only a slie;ht trace of albumin , tli.ough 

an Addis count revealed presence of red cells and CQsts . 

This no.s a 58 year old man nho developed the m; follow­

ing streptococcal pneu:nonia . The other 2 patients , who 
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had nu.ch 0l"eater albuminuria and elevated NPH initially, 

shoned no beneficial effects other than improved renal 

function during treatment. Burnett ' s case treated with 

200 mg . c ortisone for 12 days showed slie;ht aggravation 

of hematuria, proteinuria and Ha retention shortly after 

treatment nith cortisone rras started , though they all be­

gan to decrease before cortisone was stopJ ed. Hematuria, 

by 11 days after tr-eatrn.ent was stop~ed , rras still above 

pre- treatment levels . Burnett did not beleive any bene­

ficial effects fror1 cortisone were due to favorable changes 

in the usual ~1athologic p rocess of this disease . All of 

these authors realized that the raajori ty of cases of acute 
I 

GN improve spontaneous ly and t~1.at a very large series of 

cases showing beneficiE;l results fron hormonal therapy 

would be required before any definite conclusions could 

be dra,:m . 

PRODUCTIOl~ OF GLOViERULONEPHRITIS Ii~ fu\T3 

The glomerulonephri tis that rrn artificially in-

duced in this ex~Jeriment vras done using anti-rat kidney 

rabbit serum according to the method of Smadel (49, 50) . 

There are otheI' methods of producing thi3, lesion in lab­

oratory Bnimals , and there are objections by some to the 

use of s~~1adel I s nethod . These subjects ar e discussed in 

detail in the thesis of ny co-,:rnrker i n this experiment ., 
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.,. H. Barelrnan . Smadel (49) thinks that the nepbrotoxin 

causes only the acute renal drunace and that subsequent 

pathological changes , except simple co1u~ective tissue re­

placement of structures destroyed by the ne~hrotoxi.n and 

sone of the residual thickenins of t:t1e glomerul er mem­

branes, arise a s a result of a slightly diseased organ 

attempting to function under conditions that are unfavorable . 

i.ODUCTIOH OF n::::PHROTOXIN 

The first step tn preparing the nephroto.xin 

(rabbit anti - rat kidney serum) v.ras to prepare a sus­

":lension of sterile rat kidney. This .Ias done by re­

moving the rat kid..'l'leys under sterile conditions , then 

removing the capsule , perinephric fat , and as much of 

the kidney pelvis as possible . The kidneys were then 

cut into 3 or 4 pieces and ,1ashed vii th distilled ·water 

about six times , then 3 or 4 times more in sterile 

saline . This rms done to remove as nruch of the blood 

present as possible and also to i r:iprove the ste1"ile 

tochnique . The lddney was then :-lixed in a Haring 

Blender f Dom 5- 10 minutes to give approximately a 10-

15,; suspens;l.on (by volume) . Sterility was tested by 

placing 2- 3 drops of the suspension in Brener 1 s 

medium and observing for cloudiness in 24 and L:.8 :10urs . 

Two nhi te rabbi ts vrere injected with gradually 
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increasing doses of the kidney sw pension over a five rreek 

Jeriod . At the end of this ,eriod 5 cc. of blood was 

Ylithdravm from a ventricle of one animal and the serum 

separated. This ser1..un was then treated vd. th small 

amounts of rat blood until no reaction occurred be-

tween the rabbit serum. and rat red cells or plasma. 

Orre millili te1" of the enµ product was then i n ~ected 

into the dorsal penile y-ein of an adult male v1hi te 

rat , uhich vms then p laced in a urine collection cage 

over night. The urine of this animal showed a 4· + 
al buminuria (us ing sulf casalycilic acid tech..11.ique) . ·,nth 

this result , intracardiac punctures were done on the two 

rabbi ts one week after the last injection of rat kid-

ney sus~)ension and a s :r:mch blood nithdravm as p os3ible . 

The blood was treated a s the sample withdravm a fer1 

days before , the serum ( actually sera) was separated 

after approximately 20 hours . Then it was treated 

vli th rat blood until no gross or microscopic reaction 

occurred between the rabbit sermn and rat red cells or 

plasma. This end pr oduct , the nephrotoxic seru..m, was 

then l"JOoled and 1:10, 000 !:1.er~hiolate in a lcohol added , 

a:~:rproximately 1 drop to 10 c c . of the serum. Just be­

fore the p1" 0servative was added , however , a few drops 

of the nephrotoxic serum -rras placed in Brevrer ' s medium 
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and observed for clouding , Non e rras observed in over 

a rreel':: . This main :9001 was then se:;aratcd into snaJ.lcr 

amounts to decrease the possibility of contamination 

by repeated needle :_-mnctures rrhen injectine; the cx-;eri ­

:mentnl aeries. Sterility of these smaller 'l_nounts was 

also tested using Brerrnr 1 s 1::edium. These vrere stored 

in a refrigerator at L~0 c. 

JT1\JIDARDIZATil1N OF 1-:~fl''::W':i.10XIH B"Y BIOASSAY 

The purpose of this bioassay nas to deterr....:: ne the 

least amount of ne:,hrotoxin that would produce a eood 

4 + alburrlnuria and the dose of nephrotoxin :)roducin3 

death fro'n a-) . arent renal failure . 3ince rm ::ilan_"led to 

1 se rats of the Long- Bvans strain in this rrork , five 

:male L ng- :Svans rats rrnii::;hins a.round 200 gm. eG.ch 

were selected . hese were injected uith 0 . 4cc. , 

0 . 6 cc ., 0. 8 cc ., 1 . 0 cc ,, and 1 . 2 cc . per 200 crar:1s 

resriecti vely , since previous ncphrotoxins :0roduced 

usinc; the ::::ethod nsed hero usually had an optimal 

dos2-ce so:m.enhere i--i tb.is Pa11.se . ':'.:he rat injected '\:7ith 

e.4 cc . per 200 crnr.i. shm7ed a 1 t albuminuria tho 

next d~y ; those rcceivL~c 0 . 6 , 0 . 8 , and 1 .0 cc . _per 

200 i::;ram all shorred a 4 + albuminuria , -.-rl1ile the 

rat receivL:c 1 . 2 cc . /200 gIJ.. died the day after re ­

ceivir:.c tho injection . ~!itr' these results a stands.rd 

31 



dose of: 0 . 8 cc. of the ne_,hrotoxin p er 2 00 gm. . rat 

nas c1-e cided on. 

SELSCTIO:i.T OF :u1..T Js:1::-!AI:: , DIVI3IOIJ OF s:;::;:n::::..:3 , LHD nr.,... 

JI:CJ:IOH .-:ITI: i:::::;i:,:~~O'.::O~CIH 

In 3:'ladel t s experi:!.'..1ents three strains of rats uere 

used , ·:.1-1.e l an , Lonc- r:vans ond ~/is t or r a ts. Of those 

three strnins the Vlhelan rqts see::n to be the nost sus-

cei)ti "Jlo to nel"hri t:.s . Ra_ts of t;1.is strain, nowever , 

a!'e dif:'.:'iC"'lt to obtain and quite expensive . ,JhelG..11 rats 

:-roc;Pess direct ly f:-0:1 the acute to the ·chronic forr1 

of _:lor:.e1--ulono::.')hri tis . 'I'he Evans rats appear to be 

the next most sv:sce:-itib le to the nephritis; horrnver , 

nan:, of those rats a::::,:')ear to recover fro:·, the acute 

nephritis rrithin 2 to 5 :rnonths (a ccordinc to Sr::adel, 49 ) . 

before they proo;ros s into a chronic stage . This occu:fs· 

ree;o..rdless of uhe ther the rats receive a high or l ou 

.rotein diet. ~lister rats follorr a Jat tern sir:rl. l ru-- to 

that of the :;::;vans 1"ats thou::_:h the perce:pto.c;e of those 

recoverin.:_, or. being only sli6htl:· affected is greater 

than L1 the Long,:2vo.ns straiE. Long-Evans were used 

in t'1is experi~ent because of their inteI'mediate po­

sition i n susceptib ility and their avail~bility . 

At the onset of our experi:r"1ent it 'i'Jas : l anned to 

treat about 25 r a ts injected rri th the nephrotoxin 
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with cortisone; to have 2.5 untreated control rats in­

jected ni th nel)11:."otoxin; 5 untreated , uninj ected con­

trols; .5 rats not in~ectod with nephrotoxin treated 

rli th cortisone; and 10 rats treated Vii tl1 nephrotoxin 

that ~1ad boon neutralized ~-;i th rat kidney suspension 

(thouc;h this had been done successfully o:'" 3::nadol (50) . 

However , since the co:J.bination of a lune; infection and 

anapnylactic shocl:: :!:)roduced by the rabbit seruY:1 ldlled 

several of our rats shortly after the:,. nere ir:jected, 

vrn were able to have only 22 rats injected rri th nophro­

toxin that received cortisone; 18 untreated rats that 

were 3i ven the nephrotoxin ; .5 controls recei v ins corti­

so::.1e , alld .5 rats that rccei ved neither the nophrotoxin 

nor cortisone. 

Of the 40 rats i nj ected ni t 11 nephrotoxin 26 vrere 

males and 14 fe:112.l es . AlJ. of the others were fermles. 

1:os·;:; of t~e injections ,-rcre ::1.ade after the rats had 

been anesthetized rli th ether. However , a.fter :rmeunonia 

began cropping up among the rats , intraperi tone al nem­

butql alone vras tried , and i njecti ons were done i7i thout 

an:r anesthesia , but in the long run ether proved to be 

as safe as anythirg . At bes t it nas far from satis­

factory .. The r.ialos vrere injected in the dorsal penile 

vein at the bc.se of the :Jenis . The fem.ales vrnre injected 
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in one of the femoral veins. This was done by making a 

skin incision lateral to the vein and injecting the neph­

roto.xin. The needle was then withdrawn and the vein com­

pressed with a sponge until homostasis was obtained if 

necessary. After this the skin incision was closed with 

silk, usually 2 or 3 sutures being required. We do not 

believe that injection of females offers any greater 

hazard than that of males if good sterile technique is 

followed. The skin incisions in the females treated 

with cortisone appaared to heal with no complications. 

The diet of the rats consisted of Purina Fox Chow 

and water throughout the experiment. 

M:ETHOD OF TREATMENT WITH CORTIS ONE 

In all of our work injectable cortisone acetate was 

used which contained 25 mg. of cortisone acetate per cc. 

This was kindly donated to us by the Merck Chemical Co., 

Rahway, N. J. This form of cortisone is for i ntramus­

cular injection in humans; we used it subcutaneously in 

our rats. Oortisone was begun 1 or 2 days arter the rat 

received nephrotoxin. One injection was given daily. 

With our firat (of 3) group of rats treated with cor­

tisone the dose at the onset was 12.5 mg. per 200 gm. 

of body weight daily. During the last week (5th week) 

of treatment t h is was tapered to about 9 mg./200 gm. 

Vii ~h :ehis dosage only 2 of 6 rats survived. Four rats 
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died from an extensive pneumonia . Our fi v e femal e c on­

trols also died within 3 or 4 days after administration 

of cortisone was stop::,ed . All of the c ontrol rats had 

extensive pneumonia also . 

Of the next group injected 6 of 9 survived, though 

2 of these died several months after cortisQne was 

stopped . The cause of death in these last c ases VlfJ:S not 

deterntlned since these rats were put in with other dead 

rats iVhich vrnre marked similar to our due to an oversi ght 

by the animal room custodian. The initial dose among 

these rats vrcs 7 .5 mg . /200 gm. a day . This dos e vras d e­

creased gradually to 5.0 mg . in 3 weeks . Thereafter t he 

does was decreased to about o.5 mg . the d ay it v,ras stop­

p ed . In t hi s group corti sone was given from 30 to 40 days . 

In the last group i n jec ted the initial dose v:as 6.3 

rn.g . /200 gm. daily . Cortisone was e_;iven from 39 to 40 

days . The initial dose had to be decreased after t wo 

vrneks i n most animal s to approximatel y 4 mg . /200 gm. daily . 

This wa s decreased about 0 . 6 :ng . the following two weeks , 

t hen about o. 6 Ing . bi - weekly u..ntil trea tment r1as stopped . 

Of seven animals treated with this dos age all 7 survived 

the treatment period . Tvrn aninal s died from r neumonia 

about 3 ·weeks after cortisone was stop:ced . Observations 

concerning the se I'ats will be considered subsequently . 
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0B8::2Va'.TICI-s .\Ii"u :?EIDITGS ET THE fu'.T3 

Clinical Observations: 

These uill be divided into four :-Jain c a t egori e s: 

(1) i njection with ne:1:)hrotoxin, (2) tr eatr.,ent vli th 

cortisone , (3) the usuo.l clini c a l :)icture before 

death in rats with :,,:aeurionia , and (Li_) miscel] aneous 

observations . 

Before e;oing further it rriight be well here t o 

identify the r a t groups by lett ers. The followinc 

desicnat i ons rlill be used : 

1. HT - :'.ats receiving ne::?hrotoxi n but no cortiso ne. 

2 . NT- T - -.Rats receiving ne)hrotoxin and cortisone. 

Small letters a , b , ancl c. rri ll be adcl.ed to 

to indi c ate the different dosa.ce gro1:,1ps: 

a. . Those starting on 12 • .5 :r:-ig ./200 e;m. 

daily . 

b . Those starting on 7 • .5 mg . 

c. Those starting on 6.3 mg . 

3. cc - Cortisone c ontrols- - wl-ii ch v:ere tr eated 

initially nith 12 • .5 mg . /200 e;m. doily. 

4-• UC - Untr eated c ontrols. 

1. ne qction to Heprhot oxin : 

I t v1as menti oned earlier t hat nearly al l of the 

r ats that v ere injected showed s o~IB decree of shock 
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{anaphylac tic ) rrhich did not sesm to be altered by 

the ty:pe of anesthesia used , of if no anesthesia vras 

ued at all . It uas observed tha~ occasionally a rat 

died as the result of excessive pulm--:nary secretion from 

the anesthesia ,; es~1ecialJ.y other , but also nem.butal , 

vmerc the r at received no nephrotoxin rrhatsoever . It 

vras definitely noted that rats ui th II sniffles II uere 

:c:Il1ch more susceptible to t11is shock than those in good 

healtn . t one ti;·1e we thoucht tho t the increas ed 

olo r-- d volu:.r;1e :::,tlcht bo causin.s the lung edena and 

increased secretion at least in t•art ; 1101;7ever , the 

same a2:1.ount of s3.line i ---:~ec ted intravenously did not 2:)ro­

duce tl1is shock in three I'ats even rrhen ether rms used . 

'Je c onc l uded that the shoe}:: u::--.s due ma5 l''.ly to the rab­

bit se:::'1r·:, but 170.S :1.ade rruch worse if the rat had a 

l ung infection , and that deaths th2.t occurred fro::.:i an ­

esthesia ni thou t ne::-ihroto:d.n bein,s given :-,robc,bl-;r oc -

c1u'rcd onl:,~ in rats vfith a 1.:2.rt:ed lune infection . 

The v.sual p ictm0 e of this acute anaphsl .ctic 

shoe;: s t 0 .rtoC::. i:ri t:1in c f e'.7 _unutos c.ftor the no)11ro-

toy.in tlfl.S in~ectod . The sl-1ock :._1icture boc;n.n '.7i t:1 ::-aoist 

vrheezes ~~n the anir.1al ., and th Pat uould beco:.:10 ·-reak 

ancl pPostr'lto . As the cote.di t:i.on grew i:mrse the rat 

would usually anble around ''i th an ataxic gait . ~To thine; 
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at the nose n.nd :rrouth uccurred . Finally the rat rrould 

take a dee, r;asp every L~-5 seconds and death usually 

folJ.oued shortl:r . Tracheotomy near de"..th nas usually a c-

cori:1anied with the pouring forth of co:;,ious a.mounts of 

frotl1y fluid rh.:.ch contained no b lood . .3uction rras 

of no avail . This usually occ11.rred in 1 0 - 20 ,,rinutes . 

There vrnre o. numbc1,., of rats that appeared in satis-

factor::,.,. co1:clition 2- 3 1101.u~s 2.ftc!' beins; injected, 

thouch sor"enhat weak or listless , ths.t ue1~e found dead 

the followinc day ni th a dried up froth around the:.r 

mouth and nose . 0 c asionaL:..~ this froth uould be b lood 

tinged . The a:.""lir.1als that survived a:~j_)earod to recover 

fro::1 t~;is initial shocl;: co::i:,letel;T , thou0h there is 

little doubt that this condition vrn·1ld favor dcvelo:->men t 

of a :-:rneulilonia, esl)eciaJ.l:.,. if tho shock we1~0 very severe. 

2. Treatnent -;-:ith cortisone: 

J .. c tually there are only a f cvr observations con-

cerninc the ani::nals tro.:1.ted Hith cortisone th.at 1.7e 

didn ' t find in the untreated aninals as well . The tuo 

proninent ones ,-re::'e fallin::; out of t:he hair around 

injection sites and the fori::1ation of hard nodules 

2- 3 mm. in diameter at the injection si tos . In t vrn 

of the :.-1ales (NT - Ta-3 qnd ~) the::>e secned to oe a de-

crease in the coloratj_on of the black hair o..lon6 1:ri th 
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the develor1ment of be_ldnes s It was noted within a few 

vreeks after cor-tisone -:,~s started that the hair come 

out easily when the rats vrere held for injection . These 

areas rrare noticeable :·•1onths after injections vrnre 

ston--ied but did fill in before the animals vrere sacri-
J. ~ 

ficed (aoout 11 months after injections were stop:r> ed). 

Hard shot- lilrn nodules developed at the sites of 

injection \Yi thin J to 4 vreeks aftm" injections rrere 

be0un . These contaL~ed a hard yellowish honogenous 

material similar to the caseous nodules of lunes in rg.ts 

dying of pneumonia . The significance of these nod-

ules V1ill be discussed later. They a ppe a±,ed to clear 

up vli thin a short tine after cortisone therapy vras 

discontinued 

Host of the rats receiving cortisone lo · st weight 

while being treated; thouch this rras not always true . 

This loss was usually made up uithin 2- 3 weeks after 

cortisone therapy \7as s top:;:ed . Besides this it nas 

observed that rats not receiving cortisone undernent 

a narked wei5ht loss if they developed pneru·10nia . 

Incre ased excitability was not markedin r a ts 

receiving cortisone' if present at all . After the 

rats be came accustomed to ~einc handled and receiving 

injecti ons , usually rlithin a week, treatment vms quite 
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easy , 'Je could not tell vrhe ther or not our furry friends 

became euphm•ic rrhile receiving cortisone. 

3. Pneumonia 

To us :-meumonia •7as a constant r1ena ce. Not only 

did it kill several of our animals fro:m days t o months 

after they received the nephro toxin, but , as mentioned 

earlier , it made the s hock from receiving the nephro­

to:;;:in f atal where it very probably vrnuld not have been 

so othervlise . .le lost over 3.5 animals from t'1ts disease, 

including .5 cortisone controls and .5 untreated controls, 

not including those dying from massive lung secretions 

directly after receivi ng the nephrotoxin. 

Shortly after the onset of the disease the animal 

would becon e inactive and sit still with back arched and 

fur ruffled . As the disease progressed the marked we i ght 

loss became evident . The arSh in the back became more 

pronounded. Often increased lacrima tion vras evident 

fr om eye z1atering . These rats would creep around like 

shrunken old folks. Bloody stools , often a bl oody 

diarrhea, were frequent . 

After death there weI'e nearly alvmys hemorrhages 

under the toenails and evidence of bleeding from the 

respiratory tract (blood on external nose end mouth) 

and the G. I . Tract . At one tir.e we thought the rats 
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r:iight have s curvy frorn. so1:1e un:{noo-:g. c ause ; Since corti­

sone has beon shovm to decreaso s;:,--:·1:1toms of scurvy 

(Boolrnr , 21; Schaffenburg , 20) and since ascorbic acid 

seru:::-:1 levels increase sm:1m1hat par allel to urea levels 

vri th L1paired renal function (Sondray , 51) vre tended to 

discard this idea . The fact that the disease srrnpt 

through one c3.ge so ral.., idly , along with the autopsy 

findincs also lead u::i to beleive that this could not 

be scurv-.r . :fo :mnst say, however , that as long as the 

rats sot lettuce once a ueek there uere no deaths like 

this . The only tine the rats did get lettuce was dur­

ing the SlP1.,,..,_er ::-:ionths . .le have assumed that the reader 

knovrs that rats are not nornally subject to vi tc..:;1in C 

deficiency disease . 

According to Ratcliffe (52) rats arc quite subject 

to t neu:"1onia . In 487 ,!is t ar rats about 755& i:rere in­

volved £>.t one year of ace . The disease \"las 1~are befor-e 

.3- L~ months ; then the rate gradually increased to reach 

the hie;h at one year. About 75~; had. some dec;ree of lung 

abscesaes and 1::)ronchiectasis at auto:·sy. In his des -

cription of the disease , Ratcliffe made no mention of 

si[!;nS of hcr1orrhase present before or after death. 

4. i.·iscollaneous: 

Only one rat , NT-8 , develoJed ascites . This uas 
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~hi s was not evident untiJ auto9sy . It is possible 

tha t out obsEr vations vrnl"'e not close enouc;h t o d.etect 

edema that night have been present shortly after in-

jection i:ri th ne~,hrotoxin . 

One rat ap::eared to develo:: a labyrinthitis. He 

uas observed rri th his hoad turned 90° on the hm ... izo:~tal 

axis of his body and was ataxic . In ~atclif: e 1 s se7ies 

the h1cidence of oti tis media vtl th labyrinthi tis was 

4,~. In ours this one case nould nake the incidence less 

·c:1an ?,..,., 1- 10• Th1s rat , uhich rocei ved cortisone , rrns not 

included in the seri es ~)ocause of a .,.,ossible mix up ,;ri th 

a non- treated rat. 

Four cortis one tre2ted rats that had received 

nephrotoxin nere treated ni th ~;enicillin for three 

days for :::m01,1.Inonia receiving 10- 20 , 000 u . daily of a 

3 :1 r:ix.tu~"e of :procaine ::md =10:tassium 2.)enicillin. Our 

5 untreated controls rrere also treated rri t:1 penicil1in 

once but died rri thin 24 hours . The troa ted a.nLaCtls 

were ::r-T 13 , l!!., 15 and 20 . The controls were not 

tre2,ted sooner because they were n- t handled every day 

and their condition progressed too far before they were 

6bserved and treated . ':'>.e co:!'t:!.sone tre-:'ctcd Mii'.1.'l..ls vrere 

treated with ::ionicillL1 or:.l;;, rrhi le recei vins cortisone . 

'::he !)neumonia, if di.~nosed earl:,~ eno~1.sh, seened to re ­

spond satisfactorily to the penicillin •. 
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L:\.P 0 ::1::. S:CR-=: FD:DI~ .. G3 

Unfortunately the onl-,:r laboratory r•esults ·:rn have 

'lre rouc;hly ::11e2.sured urine protein concentrat:.c"ls c.nd 

an.ir,21 body i'rei,:::hts ,. ,)hen cori"eln t ed vJi th :Ti crosco;:-iic 

fj_ndin,cs in 1~idne7,r these : -B.Y be of sor:e i1::.~~ort ,nee . 

..'.ince J :...,.ade l (L~9) f o11.nd that albu:-1.inur i a often d ecrea sed 

durir.,s the first five ::::1onths , onl:r aninals survivi c 

at least six ; ~nths uill be considered here 

To detcr:::ine pl'oteinuri a u e used Extor'.. 1 s r,:e t hod 

sn.lfosalicylic " Ci d and sodiur, sulfate). Cur cradir1c 

"Ias as fol::!..ovrs : 

tr: I.::inL1_al cl01.,1aing 

1 -4- : :Totice:_:i_ble cl 01.1.d ins but ~-wt o-;')aci t~r . 
~ -

2 -1- : :::ilkiness of the lU'i21e rri th or 0Ji t hout sliG,ht 

fl occulati on . 

Jt : EeD.vy flocc1.1.lation r,::. th a lD.I'c;e preci~~i tote on 

st 'l_n di Il,S 

~-t : ClE"'di:1ess of the l)ro ci•:,::.tatc . 

• 1.cco1~din[ to Addis (53) rats nor r,1nJ_:'._.y exc:!."' ot e 

proteir- i!l their' urine . Adult ::-"-8,l e r ats r.ay norr:11:\lly 

excrete ur t o 1.0 r.}£; . per hour ; fo:-nalos ezcrete loss • 

T11.:i..s i)I'oteirn.,u'i a is c;rcatl-;r dcci ... oased by adrenalectorn::T, 

accordtns t o Ad ~is . It is restored fully by cortisone , 

to a _lqrce e xtent by DC_\ , and to a slichtly l ess extent 
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-
by o..dI•enal c01'"'tical ezt:>act (in rna. l o rats) I n non-

o.drenalecto:~±'jed rats those hor mones ac;cravated t he 

proteinuria accordinc to Addis . (T'..,is does not a,£ree 

uith 3jorne':Joe ts (43) •701'"'k , a1thouch his vms done o:c., 

hu .. -incms v;i th nephros±s). 

.:!:n om'"' series tl1e .5 fenale controls receiving 

only cortis0ne shoued fron O to 1 + :)rotcinurias the 

one ti ·e they vrere tested . Yock (.54 ) observed onl:r an 

occasion::il trace of albult'in in 1-u·ino of norr;i_al con-

trols iri Lonc;- :2.:v,..,ns I•ats . Ee did 2:.ot s tr>.t e rrhet11er or 

not these rrnre ::::al e or fenale r,1ts , though it is ::·10re 

likely that they uer e females . (Ho uas noPkinc on a 

::'.)ro jec t at the lini vePsi t:~ of Uebrasl~a ColJ.ese of ::eel-

icir,o for o. senior thesis and :::-ir ob0 ·~1y used all his 

1 . 7 • •• l J • • ) na e anina_s 12:. .. 11s ne:1 .. U'"'o coxin se::·1en • 

Only seven rats in 01..IT' sorios , NT-4, 1 2 and HT - T 

4- , 5, 13 , 11:., and 17 , shovrnd o. defini to decre'lSO in nro­

teinuria du:::inc; the f:ir st .5 :·ionths foJ.lonL1c injecj;ion 

as described by 3:·1.adel (3 9 ). Tuo re.ts HT-12 e.nd HS:.;..T-

14. shorrnd a :::ild , tr'lnscicnt exo.corb2.tion of pro teinuria, 

h · 1 7 t -~ m r:' ' d 1 d , · vr i e on_._y one ra e , 1:.!. -.L-.:>, S.llowe a nar;.::e ana per s1 s-

tant recurrence . Three rf-\. ts not li vine; si x :months also 

snowed th-:.s trend rather definitely, lTT- .5, r'"T- 6 and 

HT- Tc - 21. Six other rats ::.n those li vine; over six 
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months vrere not follor,ed closely enough to se.y zrhether 

or not th5.s occurPed. ~\l though the number of rats 

follor,ed is not enoush to be v a lid sta tistic olly , we 

c an see that a seveiie nephritis vras produced in 14 

of 20 rats . Of these 1~. only 4 vrnre in untroated an­

Lnals . One of these four sho':red a c;raduoJ_ly de creasing 

11roteinu.ria over a period of 175 days . Of 10 rats 

that had a rather nar•lrnd nephritis fDOEl. the ne:;:-ihr-otoxin 

tha t received cor-tisone ., 6 rats showed im:--rovement as 

evidenced by a rather persist ent decx·ease i n protein-

1..,1.ria fron a J or 4 t to a 1 -t to a trace . I n our 

op inion this i nd~ c oto n th~t cortison e was of v a lue 

in redu cinc the rridney da:-1.gge :::roduced by the nephro­

toxic serum. 'Je ::r.orr of no good explanation for the 

erratic proteinurias of the non- treat ed females .. I t 

is c".oubtful if lTT - '.::b - 15 ever develo:'.)ed the experi:m.entnl 

lesion . 

Fro:·1 the vreie;ht and riroteinuria tables , ('I1 able 3 

and Table 4) it c an bo sosn that a prompt and r a ther 

severe neight loss oc cur~eed rri th co:r.·ti s one treat :!:ient . 

A r a ther severe weicht loss is also observed in animal s 

just before death f1~0:-:1 ;::neumonia as seen in the un­

treated c ontrol rats (all females ). Because of the 

intercurrent i nfections , no definite conclusions can be 
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drarm fro:,1 the effect the ncphri tis :'le_yed on the 

1"1ei0ht . Co''1:?aring rats lrnpt in the sane c a 6 e ., UT-1 

gained less weight than HT- 2 with a sirtllal"' degree of 

:?roteinuria ., HT-17 and 18 gained about the sa.me weight 

despite the fact that lo had a more ·severe proteinuria. 

NT-T-4 and 5, 7 o.nd 8 , 2nd 21 and 22 showed a greater 

over all weight gain in animals r.-i th the least ai.11ou:::1t 

of :;roteinuria. It does ap:~ear 'that the degree of 

proteinuria did influence the weight gain ., even though 

our met:1od of Deasuring urine proteins was no t accurate 

enough to r1ake these conparisons with any degree of 

exactness . dith three variables involved ., treatment 

with cortisone ., presence of a nephI'itis , and presence 

of ]neumonia and probably residual abscesses and bronch­

iectasis ., no definite single c ause could be ascribed to 

all of the vreicht loss v1hen it occurred . 

It should be noted that the long tL:1e average weight 

gain in the rats receiving cortisone is only slightly less 

than that of those not receiving cortisone . ~k would al­

so lErn to point out the fact that NT- 10 was an abnorm­

ally lf.1.rge rat (compare with HT-1 and 2) and by itself 

should not be used for co:-::1i,arison . 
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TABLE 1: F:1.1otei:cµr ia ,in Rats .3urvi ving 6 r~os . or Longer 

- ~t 
~ ~ ~ ·;_~* 
~ 1).. "1 ~ ..... 
. ' ~ 'i: t . .. , ::,..."' ~ "-.::: ~ 

~ l.i ,--o; ·.; 'l~~o:-~'t-: s~~--"' 
~~~1~~~~1i~~d~~~~l 

Ni-/ 'f+ 11-t 'lt ~+ '-I+- 'ft '+-+ 4-+ hp. 'r-1/ 

NT-2 4+ 4-t 4+ '+i 4+++ It-+ 4t h,,.. '¼ 13 

NT- ?J- 4+ .z t fx:p . /75 v 
/\JT-10 4-+ 1/-t 'I-+ 'tt- 4+ 3+ 'I-+ .. 

NT-12 f l..1-
.3-t- 3t /+ .l.+ 2..t I+ I+ I+ ✓ 

/Vr-1? i 2.+ 3+ 3+ 2.+ l.+ 3+ h'. 1-t 

NT-If i 2..t 3+ 3+ 4t 4-t 4-+ J..t It 

NT-T.i - If 3-t- l.t Tr. TY. T...,.. It Tr: TY. I+ ✓ JI,; 

NT-T;.-S 4- + l.+ y..,. 3+ 3+ 3-t ?>t 3t- 3+ ✓ 

/t-r-Tb-? 'H· 3-t 3-t 1+ I+ I+- I+ 1-t- 'i€ 

1'11- 0-g <f-t 4-+ 3t 'I+ 9--+ 'I-+ Lf-1 lf-+ 

l'IT-7b-10 4-t H /t 
Ex~. 
/ -f If/¥ :I" 

/y. Tr. Tr. 
V ,It 

NT-To-13 H 1-t Tt. f:-11p 31:;.. 

NT-16-11/- 3+ 2.+ l:t- 1'- It h · T)'. V' ~ 

NT-Th-IS I+ T)-. Tr-. t+ T-r. 7r. TY. 

Nr-Tc- lt. ~ 4-+ '-1-+ '/+ If+ '-1-+ Y.+ 'I-+ 

NT-Tc-17 ~ '1-+- Ir Fr. Tr. Tr. If TY: V k 

NT- Tc. -II"!#- :2..t- 3t 3+ .i..+ l..+ .l.t Tr . 

NT-Tc-l'I ¥ ++ '++- 3t 4-+ if~ &f+ 4+ 3+ 

/VT- Tc-lO f .2.+ 3+ TY . J..+ .l.+ 3+ 3+ 3+ 

v Rats shovling decreased proteinuria. i n first 5 :mos. 

~: Rats having received cortisone shovling sustained 
decrease in proteinuria. 

~~~~ Days surviving bet~een injecti on of nerhrotoy~n 
and death (not birth and death) . The first 

proteinuria indic a tes month r a ts were i n-
jected. Blank a.paces meon that urine was not 
tested that month for , rotein. 
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TABL=: 2: Proteinuri a in rats not surviving 6 mos . 

N7-3 

N7-s-

NT-, 

NT-7 

NT-3 

NT-'f 

NT-I/ 

NT- 13 l'- . 

Nr- ltf i 

NT-IS i 

NT-/1,. i 

NT-T. - I 

NT-~-). 

NT-Ta-3 

NT- T.J -<o 

NT-Tb- 9 

NT-Tb- IJ 

NT-T1>- ll. 

NT-Tc-;/' 

NT- Tc-.U C; 

~ 
i:: 
0 

~ ~ ~ ~ ~\ 
. l>.1ys 1;1 ,1 >- 1 -;... V\ 
Ali~,* ' C'l fY"I 

3 8 ¥-f 'f-f 

I If- If- 4+ ),._f 7..,._ 

/L/-f 'ft Tu 

I 'l-3 J;- 3+ 

'f l 'ft 

lfo .l+ 

31.o Lft 

(, tf 'I-+ 't+ 

fo tf 3t 3t 

·b"J I+- T .... 

b 7 3+ 4-t 

/2_ '++ 
3,;, 4t 

.3fo 1-H 
/S- '-It 

'/-J l.t 

.33 3-t 3-t-

33 l.-t .:l.t 

'11 'f+ 4-+ tf+ 
'=-l. ::l-t ~t h. 

{'.g,uf> of de~II, 

Cy.slo -1yelol//e/hr1-l1✓ 

Pneun1~u1id 

,, 

7 /oss,f>ly f¥r1f.11ifiJ dlso 

._, 

,, 

,. , f' '1 ef O 1l ~ f h ')- I + I So 

,, 

.. 
,, 
,, 

-r.- Days alive between injection of nepbrotoxin and 

de a th (not birth and death ). 
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Gross Findincs: 

These nill be considered first in animals found 

dead and then in the animals sacrificed . I n a11.L:10.l s 

dying a short ti -~:e after receiving ne:,hrotoxin the 

only noticeable findins was presence in the lune; of a 

larse 2..r:1ount of edc:rrc.a fluid. The luncs ·.,as sor. etines 

thought to °i)e so::::iewhat c oncestcd grossly. 

I n the c ortisone treated anir:1D..ls that vrnre folmd 

dead , all apJeared to die from :':l:aeu:·,1oni a . There vms 

alnays extensive consolidation of one or ri.ore lobes 

of lune . At several '1Uto:-isies one l ung v1as al:-;1ost 

a co:rn.2_)lete firm ::,-ellonish cheesy rmss with ::::iart of the 

other l unG beinc involved also . Often the lungs were 

~potted vii th sever3.l snall abscesses . This was 

usuaJ ly a c r 011~-:ianiod rri th sever a l 0_reas of inf~ction. 

It is :,robabl::,r that those rei,resented an earlier strge 

than -r1here con:; l ete consolidation of a lobe oc curred . 

I n one aninal one lune ,;ms very atclectatic , being 

about 1/4 the size of a normal lune. A few adhesions 

betno·--n llmc s.nd r l oura nerc ofteE present though 

never extensive . 

All of the cortisone treated rats dyinc uithin 

a ueek after cortisone uas sto~~od had several hard 
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yello,·,ish ;? l aques 2..round the injection sichts in the 

e;roin . These plaques vrere about 2:r:'?11 . in di o.2:1eter . Those 

dyin:=; later (HT- '.i' 21 and 22 and others ) did not sho\7 

the "" l aques at autoJsy . 

Onl:- one rat lIT- Tb- 9 showed gross abs c esses on 

the liver surface . It is possible , however , that 

other r.-,_ts had abscesses n i thin a viscus 2.nd were over 

l ooked by us • 

.... 11 tho ani!:1als , regardless of how extensive the 

lesi ons of the luns and viscera , showed evidence of 

henorrhage fro:"')_ nose , i;1outh , anus , nnd under toenails . 

Kidneys grossly nere usuolly essentially norr.1a1.. 

Often there rTi?.S little or no perinephric f 2. t re:r:w.ining, 

es: ecially in aninals that had beco:·1e quite aa.chectic 

before death . 

.t'I. sLtil'U' ::, ictIT!'.'e to t h is nas fou..rid ir_ 11 of 14 

untreated nephroto.x.ic rats; however , i n only four of 

these rrere r;mlti~' le abscesses or consolidated l cbes 

noted. In the othei-·s the lune; shorred var:-inc dec;recs 

of cor..c;est7..cn and edena but on the sui>f 0 ce or cut sur­

f ~_co rrhere sections -r1ere t sJrnn :~o abscess os were visible. 

All of these eleven shoued evidences of he:r:1.or::.1 hace 

a s described befo11 e . Ono 11 at :1ad a small a!:lount of 

light brorm soro sqnsuinm'.s fluid i!"l 1,is abdomen --n_3 ), ~. -
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though no i~l>1.1Tim.ati 0n of :)owel or }_Jori to:r:.eum vras seen. 

One ::>." '1.t of t,1is r;ro l., , 17'.::- 3, died of a c:,rs to- pyelo­

nephri tis rri th hydroureters and hyc1rone::-,11rosls . T'ne 

~)la,1der , ureters , and kidneys of this 8..!.1h:1als contained 

a l arge ·a..'1.ount of l"luruJ.ent sancuinous fluid . The cause 

of death in :lT- 1 and 2 uas not evident . 

11 of the controls a~~peared to die fr•on ~•neu1>J.onia . 

T:his was n ore :narkod in the cortisone c ontrols t:1an 

in th.e untreated controJ.s . 

In aninals that \7ere -sacrificed the onl:,. sicnif­

ic ant c;ross fi:1dinss nere t:-iose in the lung s.nd :')leura , 

except i!l one ani!"'al , H':1 - ':1 15, uhic11 had a bowel o"b­

struc tion an-0arentl7 at the ileococal .;unc t ion. The 
... • V V 

luns findi::.2.cs :L1cluded light c;:--ayish areas , slichtly 

depres sed fro::i the surfac e , fro~ -~ 1 - 2 r:r-1 . in diameter , 

alih.esions to ~)1oura and I) ericardilL""l (pos s ibly ::117,-.,.0 -

cru--dhun) , and a11parontl).,. active abscesses that nere 

-nell sur1--ouJ.vided by fibrous tissue . The adhesions and 

ai)scesses rrere seen onJ.:7 in anbials that had received 

cortisone . 

T~crosco1ic findi~ss: 

Kidney Findincs: 

Findings in both cortisone treated and untreated 

controls in the kidneys \'!ere essentially negative . 
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In the aniT-1.als receivinc; nephrotoxin alone that 

died nithin about the first month after receiving the 

ne:,broto.xin the kidneys usually shorred adhesions 

betneen the c;lomular tuft and Bmr1an I s capsule , in­

creased se.::;r,1enta ti on of the tuft , fibrosis of the tuft , 

narro·:ring of the co.pilla:::•y lu::1.en , and in one instance 

crescents nere present (lT'.i: - 9 ). Tubules vrnre affected 

to a :-1Uch less extent , t µbular findings rrnre liini ted 

to cystic dili tation vlith hyaline like c qsts or pre ­

cipitated protein being contained in the lumen. These 

. cJ.1.ane;es ;aere thought t:-pical of subacute and chronic 

clor1e r u l onephritis . In one rat , ITT - 11 , that had had 

a !..J- + flroteinuria JL:. days =-'reviously , there were no 

sie:nif:i.cant chances i·1 the Jddney . These sections 

were fro~ rats NT - 3 , 8, 9 , and 11 . 

I n a sLlil.1.r c;roup of nephrotoxin injected r>ats 

that had received cortisone (NT- T- 2 , 3, 9, and 12) the 

reactior- in the gloneruli i7as loss severe . ~\dhesions 

botnoen ca~,sule and tuft occuri-•ed but were rare . Only 

NT- T- 2 , which had a p~-elone~hri tis , contained casts 

i:i the tubules ; these ,701 ... e of a proteL1- lilce material. 

130th HT - T- 2 and 3 shonod cloudy swelling and granul ar 

clec;eneration in the tubuln.r cells. Sections of kidney 

of HT- 1:::1-12 showed rather advqnced antolytic changes 
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and were difficult to interpret , though no significant 

reaction of glonerulitis uas suspected fror:1. the kidney 

structure that could be inter)re t ed . 

In these trro c;roups of rats those receiving cort­

isone shoned fener e;lomerular chanc :s ty~ical of glom­

erularnephritis i~ seneral than d~d the untreated 

aninals . All of these rats were r.1.ales . 

-~11 of the rats that died at about 2 nonths were 

fenales . Slides of these rats include UT- 13 , l!~, 15, 

9..nd nT- T-21 and 22 . In all of these sections the 

anount of renal clamac;e rtl crosco::1 ically and =-'roteinurias 

corresponded <1_uite well . Fin.dines in the untreated 

ani:'J.als included adJiesions between Bo".m~YJ. 1 s capsule 

and the tuft, increased segmentat ion of tho glo·1erul ar 

tuft , and fibrosis with some shrinkae;e of the tuft . 

'.:luri-'olmdins tubular degeneration and an occasicnal 

markedly dilo.. ted tubule were ·')resent in NT- 13 . Find­

inc;s were slight in lTT- 15. 

3ectio:ns of both NT- T- 21 and 22 showed rather 

advanced antolytic changes . Houever , it could be seen 

that the reaction i n;/: 21 was quite severe while that 

· '' 22 . . 1 Th . ' . . t d . l f' in J v1as runima • _ is reac-cion con.sis e 1:m.in_y. o 

adhesions between cap sule and tuft . The lesions in 

NT- T- 22 , though rather r.1arked , did not a_-ipe ar as 
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~ d _._, . ...,.., 1 3 anvance as L,nose seen in 1'1.." - 2ubul 9.T' chanc;es were 

not as noticea'-Jle in the corti sdne treated ani:·1al . 

In tho next grou::, of animals , which ·1ivod 5 to 

6 nonths we b.ad only untreated aninal s . Unfo1"tunately 

NT- Tb-1O had been dead too lone 'in.1.en wo found hir.:, 

and HT ..:. Tb - 13 nas 1·tl.s-,laced a:fte!' death b""r the animal 
' - v 

ro0r.1 attcndent so we have no slides of these re.. ts . 

These aninals lived a1:iouJc 6 1/2 and 10 r1ont hs r es~,ecti ve-

"':T 
,.; . Slides 'cI'e those 0f : .'':1-4, 5, and 7 Changes in 

these :·idneys i:v:.cluded tLiclrnnin[ of tho base::1.ent 

nembrune of Borm1an I s ca)suJ. e , adhesions bct1·1O0n tl'ie 

tuft and c2.~,sule , and r.n iY1creased fibrosis of' the 

t1,ft . ~adney sec t ions of l'TT- 4 showed little chan:e 

in the clor,:erular tl·::'c , but tho enti-."o l;:idnoy tissue 

,-ras so:·,e...-rhat s•·roJ: en f'.nd T1Gdo::. .... 2_te size col: ections of 

yioly::::onn..l 1...nd ::11ononucle~ eel} s ~"!ere present sur2:O1..m11 -

in_: the .:_;l'Jnoruli . nh ~ . -'-i ~ 1~·~T- 7 "id t __ e _eacv_o .. ___ 11- c._ no o..p:::--eri.r 

CJ.Uite o_s severe as v,ic•1t ',c_ve been cxrectod fro r· a 

3 -+ 1,rotoinu.ria , tho1.1-c-:l1. the n:tctu1"e in. tho l:idne-; 
- .._.. .L ti 

sections o.f tJ:.e oth.c::.. .... tr!o ~imals corpel8.ted ·-roll 

7i ·cl1. t11e -)r0teim1ri o . ::one o::' tresc , -.• 
.h .. J_ n8:· sections 

s~ouoa severe lesions . 

Tb.e 'Listoloc;ic fi ·1.di:;.1cs in tl1.e treated and i11 the 
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untreated rats surviving over one year \7ill be con­

sidered i n this section. The tota l number of r a ts 

surviving one year or over was 17, of whi ch 15 vrnre 

sacrificed at the e nd of the experinent and trrn (HT- 1 

and 2) di ed before the end of the ex0erimental Deri od . 
~ . 

Of the total 17 rats 6 were untreated nephrotoxin 

i:m.jected :cont:i;>ols.-~and 11 were cortisone treated nephro- -

toxin i nj ected rats . I n the untreat ed nephrotoxic 

group 2 rats (ls;T-1 and 2) died before the end of t h e 

experh1ent l eaving a total of L~ ani::1als t hat rrere 

s a crifi ced . The sie;nificance of' the death in these 

tno rats will be considered subsequently. 

The histolocic findings in the untreated ne:::,hro tox ic 

grou~) rrill be c onsider ed first . Of the tvrn untreated 

rats (l'T-1 and 2) ':ihi ch were not S8Crificed, sections 

of HT-2 s hovrnd an advanced diffuse chronic gl o::1erul o­

ne:1Jjritis i.1i th changes ranging from com:)lete obli ter­

ati on of the Glorierular tuf'ts b:;r dense fibrosis to 

tufts shoninG adhesions betneen the br>_se o f the clon ­

erular tuft o.nd a thi c kened Bovman 1 s Ca)sule. Tuft 

hyalini~ation uas :::,resent but not marked. The tubules 

i n the region of the fi b:::>otic s l omer u li showed cy stic 

dilatation and were fil::'..ed with hyaline r1aterial 

and casts . In areas 1:1h0re l ess narked al t eration of the 
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elo.,.,,eruli 1rnre pr esent the tubules shov,ed better 

preservation. Th ere is 2lso increased interstitial 

fibrosis. In vier, of the nor:::ia l a~,:-)Carance of the 

l unr;s , renal i nsuf~icfen c:r could haye beon t he c 2.us e of 

death in these animals , but since blood chemi stry 

st-udies rrnre not done , 1.-re can little ''lore t han s -r)o cu -

late as to the C"'USe of death in NT- 1 and 2. r;J1.e only 

other rqt in this cro'..1.p '\:7h.:.ch showed a severe and 

constant :)l"oteinuria vms :TT- 10 . I n this ro.t the k id-

neys s11.owed 2. :cw.r ked ~ror;ressive chronic glo-•·1.orul o-

ne·,r....ritis. nith fibrosis of tufts and Born-1M 1 s C'lpsule . 

Sor1e of the fibrotic clo· 1eruli n e:."e snrrol':.nded by mon o-

r:uc l ear cel ls . :any t ubules rrere dilated and contai ned 

Cf\ sts. T}1e di s ease L1. t:1.i s anL:1.0.l vras chronic and pro-

e;ressive 2.nd correlated uell ;:Ji t:1 the clini c .,l ·-::ro-

toinuria ,,. ,7hich this ani~"al exhibited~ uhen sacPificed. 

Tho otnor three rats i -1 t' 1i s r:-roun (17:1-12 , 17 and 13) 
'-' ~ . 

se emed to recover. f'r or1 t:-ieir disease clini.co.lly. 

::istolosic '1.11:r the renal c21c.nce s v~ried f:i:- 0~·1 normal 

(:T~-12) to a :Jicture of a r:ild olcl inact~:. ve c,lo··.1e!'uli tis 

in the othe:.., t 1:10 o.ni::mls (lT':2-17 and 18). The histo l osic 

~.., ic tu:1'."o c orrel ated ;7e l l ·.:ith the clin i c a l pi c t..,1-:..,c . 

::roteinui"i a in l~:1-12 cleri.rod U:;? clinic~ 11:? in a ver:-:­

short tL:e whi le :T':2-17 and 18 bad a slicht re l o.~,se of 
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rroteinHriD before tne uril-1e :::::..1 oteL1 docre'lsed to·r:ard 

norno_l . 

The cortisone treotod. croups o..lso e:;:hibitcd three 

cl.if:::'e:."'ont cJ_i::.1ical courses. Clinicall:- rats ET- Ta- !.;_ ., 

:T~- T~J-7 , 14, 15, 13, l:S: - Tc - 17 o.nd 18 recove1•ed as 

evidenced 'YJ tl•oi-r ~'"'roteir..u..ria level~ . Eis to logic __ lly 

the renal findincs ranc;ocl froL a :~'.ode1"'_1..te , inactive 

r;lo::-.1cr1.-:li tis ··:ri th sor:o sec:2:1entation of tufts trn.d 

t:i1iclrnninc of Bon;w.n I s ca:-isule , and c·· sts _r,resent in 

the collectinc; tubules (r '.:>_ts IT':1-Tb - 7, l~.) to r,J.inL1nl 

J..o ~or-,...,-'--ive 11e·--al ri·-0 c1 -~1 r,n (_..,,, nia 1• 1-:>71 r.,b 1c ~l-fjl t.., -- :...:;,-.L,_ .., - J._c. ... _ c.p.;..½'..:, ..:...; ...i..-..L - 4 , ___ -..1,. - :,,; , ?-- c-17 

::mcl lJ). Il a t :"'T- Tb-13 follorred tho snne c J inicol 

course -.-:i th O;:..::>ly recovery fror· protoinuri a , wince 

no .nistol oc;i c speci::1en \'Tc_s obte.inod on this o.;1i:10.l , vrn 

c::..n onl:,- as1:n1-ne the natnre of the }:idJ.10:- l esion . In 

:·10s t of the 8..bove c n.s es the ·--:.1 oteil''nrio co1•:.1 eln.ted 
) -

fevor 0 _bly '!li th tl1e llistolocic findinc;s . ~at lT':1 -'.:'b - G 

vro.s an e::ce2:tion . 31.is rat cxl1ibited severe continuous 

protoinu.ri a 1·-i th ~1is tolo,sic renal lesions si:·,tl.lar but 

n e-., '11 a'"' s s 7 1· r--1'1 .,_l, 1..,,. r,r en t,.... -(> tl18 n I"'."'T' - ':1b - 7 
,L. - - .I. I -- ~ - r.} \J '-•• 1,,.__· - •-- ~ - - ♦ The lesion in 

:;.:T- T'..:> - 7 coi:.sistod of a rd::.'..d old c;loneruli tis , onl..,-

slic;ht evidence of fibrosis of tufts and numbers of 

old ad'.nosions bct-;:oon tufts o.nc~ 30;71;:.an ' s capsule . 

TJ.1.e :,1istolocic renal lesi on in r'.El.t :~':1-Tc-20 
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sho·,·.cod a ·1.ininal reaction "f ·1.:n old e:;lo·i:.oruli tis , 

t:10l:c;:1 this 1,n.t s~·1.mrnd 2. Jorsiste1;.t 3-t- )roteinur i ..... 

for 5 r~nths before it vas sacrificed . 

Ot~1c!1 norJci s one rc.t~ ·~ 110.t s~-,, nrred 8. ~)e2_--as: s t e nt 

severe :'.')I'otoin11.ria also S1.;.ouod o.dv~nccd "'DC~ severe 

c11:cu1.c;os of e,lonerulone9:12:i tis his tolocic".l 1.y . Those 

i .,,,c1°,0.e ,,,-.a1-_c, ,T'T' ..,, ,..., .. - <.: viJ .t.,- - .1.. - .,.,,,, , 6, c;..1c:_ 1 S. In 1::1 - T- 5 _t:t ferr 

3lo1"e1,,uli ·.wrc sl:J.,-..1-r_:-:en .'.:1.I'.C~ f:: "'.Jrotic. Ctho:e8 shm.-rbcl 

thicker:.inc; of 3ov,n211. t s C8..yisule and fusinc of tl-ie tt-,_ft to 

SoriI'.1:'111 1 s capsule . ~ho tu½ulos wore ~odoratol~ dil~tod 

a:;.lc1. con·.:;<:i_i~oc~ sizqblc 1T'n'10:!:'s of c ,· s·~s . ?11.e lesioEs 

~ore nctv~nc 0 d ~nd ,rocrossivo . ::tats HT - Tc-16 etnd JS' 

also er.hl :1i ~~eel c or.tim1-r:ms s cvcl"'e protein:1.ria , r::.1heir 

2·e:'!.:::1.l J.es·i 0 ns co_-is:~'.Jtcd of ·.ode:,,'1.to c1"-1."'on5.c c;lome1,u-

~ i tis ni th adv,:,_nccc"i. fib:.,osis o"!: ?10..n:·0 tufts , ad;1osior. of 

~t,_ft8 t,r -""'0-11:18.n ' s cc..~.'Sl1J.e e.11c1 sc,:• .. 1c1"lt 0 t,:'"~r, ·;~ ,--~ tr!.fts . 

V0_n-~ c) rnc:.,,rli 2,:----~·c '.l"cc: J.:;o ~)o v.:1~ volvcd L:. tl:c- troccss . 

~l1e tu·Jt1-J_ c.s i:1 tJ1·J r_:_,en. c ~ tl1e c1cw:ic..:c(. clor101,l·.~-i acre 

dilntcd 1 tiC: i'l::1.lnd :1:...0h h:rnl::.:-ie c~.0-cs . l~i st olcc:i cc- lJ. :r 

tl,.e ~)l.,'.)C8S Ci.d !Ot SCC,l,;_ ac ti vc as L: lt~-r-:1a- 5 . 

C =:=~-L ~IJ._.il}~~ : 

:;o: reactic:-is th::t co1:.ld he o..tt::::Fmtod to tho 

~e:,lrc>otc.:c:l.c r~_:)1)i·C s01..,L1~1 :"rerc SC'"1l"l . ':'ho onl s::. c:1if-

ic'"'"r.. t chancos seer. i:1 scctirns of' tisr;ncs otl1cl"' t-1:-ian 

lddno:• sec t5. ons i n '1!:.i • . ..,ls t:1s.t di eel n5. thir. five Oj_,, si z 
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r,1on-chs after recei vins neJhrotoxin nere those due 

to ir,...fla:mr~aticn . In the non- tre ated an::..nals this uas 

confined !nostly to the lune. Lung lesions varied 

frmn --uld to severe and included pi ctures typicol of 

lung abscesses , lobar pneumonia , and broncho:pneuinonia . 

The riain differ·ences betrreon these aninals and the 

cortiso:.:.e anL:lals nere that nearly all of the cortisone 

ani::1-.als sho·:JCd extensive invol venent in every c ase; the 

i:nflauratory response to the bacteria ,-ras greo.tly re­

duced fror· thn.t seen in untreated animals , and often 

distc.nt b~ctcrial colonies of varying sizes Tiere seen 

in heart , liver , spleen and also kidneys . 

In untreat ed r>ats that uere sacrificed at the end 

of the ex::: erinent the onl:r abnor:nal findi ng vras in 

the luncs of rT- 12 . This :1 at had larce collections 

of l ynphocytes arm1.n<ii t he bronchioles. Sections of 

heart , liver, and spleen u ere all n eca tive . Ho 

lun.g sections i:rnre obtained fr o:n HT-1 and 2 . 

Eistolocic fi ndi :1.cs i n remaining secti on s of 

cortisone-treated a..Di:-:ials nere ner;ative in· lTT- T- 4 , 

5, 17 , 18 , 19 and 20 . Lurj.g sections of rrT- T-lL~ showe d 

an old i nfla:·i_ --i a.tory reaction rrhich was i n active at 

the tt:-:e of s acrifice . The l i ver of t hi s anh1al al so 

showed degenerat ive chanGes. Liver secti ons of lTT- T-15 

63 



revealed a fer1 inactive granulomata . Ltmg sections in 

this rat showed a considerable ru:1ount of interstitial 

infiltrate of lynphocytes and plasr.ia cells . In HT-T-16 

sections frori the right loner lobe of the lung revealed 

an old abscess 1,7hich ap:i;ieared to be well - walled off 

vri th fibrous tissue at the time the anirnal was sacrificed. 

DISCUS;3IOi;: 

Before discussing the present piece of nork lot 

us consider nhat others have observed in similar ex­

peri:r:ients . The only other experiments using rats in 

nhich a nephrotoxic nephritis vras produced and. treated 

r1i th cortisone were done by Hackel et 81 (55) , Yeck (54) 

and by Hrnicek and Hoffman (56) . Hackel used 10 mg . /100 

gm. of cortisone and sacrificed h is ani:::1als ~- days 

after they were injected. He found no change between 

tI'eated and untreated animals . 'Je didn ' t consider this 

vrork sie;nificant since the rats i.1ere treated for such 

a short tir:1e . Yeck used ACTH over a foti.r week period, 

about 3--4 mg . /100 gn. d aily and sacrificed his an:i_mals 

at vari ous intervals over the four week ~1ei-•iod. He 

thought the basement membrane of the glomerular- endo­

thelium v1as thinner in treated animals than in the 

untreated ones . F..rnicek and Hoffman used this srune 

dose of ACTH over a six week period. They noted no 
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significant change betr,een the kidneys of treated and 

untreated ani r-.1als over a 6 1/2 month :1eriod, though 

they did no te that the c ap st1-le of the kidney in treated 

aninals was easily removed ·whereas it was more d ense 

and adherent to the kidney in untreated animals . 

ich , BerthI•org et al (57 , 58 , 59 ) and I1cLean et 

al (60) treated r abbi ts with ACT:I and cortisone in 

which glonerulonephritis had been induced with i n -
. 

jections of sterile horse serum. In all of these 

experh:1.ents a necrotizing arteri tis and val vuli tis 

vrere a lso :}reduced . Rich and Berthrong f,.ound tha t 

ACTH greatly decreased the nepbritis and maintained 

the r;lome!'uli i n thei r normal sta te in r-1.ost an..7_r:1als , 

but that c ort isone early su:\9r e s sed the c loner u lar 

les ions and l at er c aused ll • fl anevr y s n s of c ar i11ary tufts 

of'tcn '.7i th r ui, ture and henorrhase or i7i th hyalizations 

resulting in formati on of larce c:;loboid hyaline l:1a sse s 

vrhi ch rrere i n so::-1e i ns t ances indistinguishable from 

t he g l ol1~erular lesi ons of KiE els ti el ,filson I s di scase 

i:1. hur.ians .. These aut hors thought the dif~erence be ­

t·.7eon effects of .'\CTI·I and cortisone nay :'.:1.ave been due 

to too high a dosage of cortison e . L:cLean observed 

si::-tl lar chqnses usi~1c c or tisone . TeiJ.um et nl (61) 

treated r ats r:i t h cortisone in v1hi ch a ne:::1hri tis \'lf'. S 
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inducocl. rri. t:i:l --:::-1 -~n2 ecti01l of }-il~ eel_ ?.fcif:C'cr b:;-_cil} 1.Js 

3 ti~es TTcckly for 7 to 16 ~onths . These ru1thors treoted 

five ra~bits ~it~ ccrtiscne . '::hey a lso :· .. otec1. de:,os i tion 

of this Y::.a tori a l ir the clone:."' Lli hut thought .._' 
l,lJ.Q chonse 

L-: tho !ddnoy 1·.01,c closel:- resm·blcd n_n:-loirlosis . 

In ou: .. " exJC!.,ir:.cnt us inc tho t oc>.:1iq_uo of Jt".2.dcl 

a clo:·1.orulonoyfru .. "i tis ·.10..s produced in Lonc:- Lvc..ns rats 

that closely rese1~lod thn kidney lcsi 0 n sern in 

hrn""..an c lor,crulone~J'h __ ri tis . This st,\tG"ent is b crn cP.t 

by , ··· crosco: ic ox-~.1:11::·_n'lti ---:;. of co:,·~1"01 :.,,a'.:;s nh:1..ch showed 

chances Ll the 1-idnc--:- incluclinr -~_dhoslons betvrecn the 
V ~ 

c10,·1e:c>nla:r t"'_ft '.lnd Bo1 T'1an I s c'"'~-is:1le , cor:::1leto obJ..1 t -

eratio::.-1 of the tuft by dense fibros:7 s , incre~sec7- :-:uJ""bers 

0 f fi~rocytes in the interstiti a l ~issues , and cystic 

dilitation nf tu½ulns ✓1ich contained ~roteinncious 

casts . All control rats did not develop sucn o severe 

lesi rn , '1or1ever. 

It is ~"::-lteresti::c to note thrit sevm ...... a l ;;oi,ke::."s 

:1f\.ve 111ac1o the obsol"V",ti ,,n that 1,rotcin.u:i.."'i as have not 

cor!'el 1. tocl no lJ. r:ith the extent or l"eno.l rlr,thoJ.oc:-

in n. nep~1rit::.s Li r8.ts :>l"'Odl1.ced nit:11. ne~,hrctoxic sc::.."'um. 

In our series of 17.,,, .1..ci -'-;1,-:- ]1",1CC' 0,101° t_ .. ,,, ~t'1c, - _[tl.J~ '-'---';.,~ .J - • y ... OJ..:. ,L i,.) 'JC 

f o'ind t>at i' 15 the J:ic1 noy in.vol vement one i70uld have 

expected to :'.:'il".c. .f:::>on tb.e decree of , ::-oteinuria ond 
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that which 1."Tas seen in nicroscopi cr examination of 

kidne:rs corr el 1.ted v epy uoll . I n other• worfls there 

was 90; correlation . In 7 rats living 2-5 months the 

correlation rms 10n :1 .) ,.:; . In ro..ts dylr1e; under one month 

tho cor::-elati on ·:1'J.s less. This uas r,irobably due to 

the fact that the ro.t died several weeks after the 

urine vro.s fi::.:,st tested for :,rotein and im._rrovor.1ent 

occ1..1.rrod cl.urine the :-ieriod bet·.-rnon the tirle u:.-.ine was 

tested for :-irotein and the death of the ani:::-·1al . I n 

c"..s ,.,s ;he!"'e n d j screpanc:,. e:z:isted bet'.rnc;n rro teinurias 

and J'ic1-.osco:;:'ic findin:::;s tho ___ icrosco:,ic fL1di -:_ss '.7el"e 

o..1°·:a:Ts l os<J severe tha..."r'1. uould h2.ve been e:c,ectecl f:."or,1 

th0 1e.=;r•cc of' :-:i: .... oto:lnuria . , 

re s',,)ll_J_d be sto.ted before GOi2.1c; further tl-1at 

the lir.tltccl nu.0·.1ber of rats t:12.t survived ~..,lus -L ., 
vll.e . 

adcli tiono..1 v.:.riable for the pneumonia, which r;as re -

s:)onsi')lc for the li'"1.i ted nu::iber of rats , do 1 ot 

per~·li t our fisures to be of sie.;nific ,nee statistically . 

T:1.is si tu'.)_tio:c1. l)OS si bly tends to ::1.ako us ::--10re s :•e culati ve 

t~_1an -.70 wo-;J.ld have been had ·:re had a signif-i cant m11:1oer 

of rats and no )neunoni a ; o..nd rre ·:rould therefore hn.ve 

had :.·:.02.~e def2.1:.i tc results . 

_\.l thou.ch the orie;inal r;oal of O'Llr experi:,10:1 t -- to 

observe the effect of treatr10~1t ·:1i th c ortisone on the 
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l"Tl_l\3~ 7: 

1. "i:'h-1.mber of aniaals at onset 

Untreated 

lB 

2. lTuJ.'i1ber dyinc; (not sacrificed) 

J. Iiumber sacrificed 

4 .. 

5. 

Averace survival ti 1'1e in days 
between in -iection rli th nenhro­
toxin and death (in aninais 
not sacrificed). 

Eu:0 1ber of an:!.:c1als dying 
vri thin one non th after in­
j ec ti on nith neJhrotoxin . 
a . 1i of all aninals dying 

(not including ani~als 
s c.crifi ced) 

b . % if lTT-1 t: 2 are ex­
cluded (since these 2 
ani:-;i.als lived longer 
than some rats that lived 
until sacrificed ) 

S. Uunber of aninals surviving 
after treat:aent period rli th 
cortisone., 

~ . . ( t . 7 a . '" survi vins un i_ sac-
rificed) 

b . % surviving if N':i:-1 & 2 
are included in surviving 
group. 

7. A.nL.1als surviving 6 mo . or 
longer . 

8 . Anina.ls livine; 6 no . or 1 nger 
'.7i th 3+, 4+ proteinuria at 
onset. · 

9. _l\.ni:r1al s s howins persistant de ­
crease in :::,roteinuria to l + 
or trace. 
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4 

131 

4 

27% 
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14 

27% 

43 c1 /0 

7 

4 

1 

Tre2ted 

22 

11 

11 

77 

7 
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15 
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life span of :-•ats ,-,i th induc d ,slo:·1e:"ulonophri tis--

uas not accoJWlished , it is interesting to note a feu 

obse::>'.'vations co:1.cerning tl1.is ~"oint . Lookin,c at Table 

7, item 5 it is easy to see the :;:arked effect cortisone ( 

has of decreas::_nc; the inflarnatory reS!")Ons e in that 7 

of 1 1 cortisone rats th'l_t died from an inflm:rmtor""r 
' V 

process died during t::>eatnont or shortl y after t r en_t­

mcnt ni th cortisone -no..s sto:~r ed . Onl:,'" ~- of 14 untreated 

aninals died durinc t11is re:.."iod ( 4 of 12 if NT- 1 and 2 

are excluded for reasons 6 iven ) • 

Consideril:g iten 6 on Table 7 ue see that after 

tre8trnmt rrit} cortisone was ston -s, ed 11 of 15 cortisone 

rats Sl.U'Vived ·.-1hj_le onlv h of lh untreated rats s1.xr-.., . . 
vi vod a si1';.ilar 

surviving rats) . 

eriod ( 6 if ITT-1 and 2 are included as 

It :r:iust be romcnbcred ., however , t hat 

4 of the survivi!lS cortiso~:o treated rats received 

penicilJ.in and shorrnd clinical L:::.prove:::nent as n. re ­

sult . Assum.inc these rats nere saved by the :. enicil:'. i n 

and that 4 untreated. ra:~s would have been saved had 

the-;;r recei vcd it , the per cent sur7i vinc; unti l sac ­

rificed \7oulcl have been about the sai-ne . On tho othe::>'.' 

1.and if we recall the effect cortisone had on decre~sing 

resistance it would seem that 1..1..se of ~Jenicillin in 

these cortisone trcatnd rats ren.ll:7 served to reduce 
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an undcsi:."'e2')le side ef :ect of the cortisone. If 

one takes tl1is attitude the fic1 1.ros L: i te:i:1 6 acain 

as m.1.me sor:10 sicnificoncc. (:Rene:11bor that these rats 

received 01enicillin '.7hile 81s o recei v:..nr cortisone.) - ~ 

Lookinc; at items 7, 8, anc 9 on Table 7 one 

can see that only one of f011.r untreated rats with an 

initially hich dec;reo of T'roteinuria s'10wod S:':)ont::w.­

eous in-:0rover.1ent rrh:Lle six of ten rats r ccei v5.'7.[; 

cortiso,1e shoued inprove:::ient . Altllouch this untreated 

l''at s:10r1ed a decroc..sinc :')rote~.rmria and onl:- mi.ld 

c'1ai1ses in the 0 lor.1cruli , it lived only 175 days-­

tl1e shortest period in this grout> of twent v, rats . He 

ca:nnot be sure that t'1is ::>at would have stayed in re~ 

m::.ssion. It should be stated i :· passing ths.t the tvm 

rats il~ the seventeen w:Lt:h 1-ncrosco~)ic findincs leso 

than nas antici::-'ated from pPotc:i.n;.1.rie.s r;ore cortisone 

trea-l: cd r8:~s , 1~'=1- T-8 and 20 . · UT- T-20 -rrn.s not con­

aidered to have developed a severe lesion in-

i tiall~y. 

:-~istoloe;ic cxru-r1i no.tions were done on three un­

treated n.rtlnals and 8 treated anir2'.:l.ls of tl1e 14 con­

sidered 11.ndc:"' :!. ten 8 on Table 7. Of tho total of 
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20 rats living over 6 months kidney sectio:n.s were 

examined ~rc 17 rats. 

Reference to the correlation between histologic 

findings and urine ~rotein findi ngs have been m~de 

a 1Jove . Kidney changes i n severe c o~ses of persistant 

pi-•oteinuria i n clude t hi ckening of Bovrman ' s cap sule , 

adhesions between Bomi.1an' s c apsule and tuft , increased 

segmentati on of the tuft and often comp lete obliter ­

ation of the tuft .by fibrosis , cystic dilation of the 

tubules , c a sts i n the tubul e s , and increased firbrosis 

of the inters ti tium. These changes usually appeared 

progress i ve . In nilder c a s e s where the pro teinuria 

had persisted a.round 1 +- to a trace for s o1:1e t ine , 

kidney fi ndings c ons i sted of rtlni :r:13.1 changes vrhich 

usually a:J:~earecl inactive . These change s generally 

included no more than a fev1 adhesions between the 

tufts and Bovrm.an t s capsule , slight increased. segmentation 

of the tuft , and occa sional tubules that shovrnd c ol­

lections of hyaline c asts . 

Al t~1ou13h the nur.iber of rats con cerned here is 

not enough to nake st a tistica l ly v a lid con clusions , 

we feel that careful scrutiny of the effect of corti ­

s one u~;on t he life span of these rats , changes in the 

excreti on of protein i n the urine , and the histologic 
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picture in the lddney indicate that this drug vras 

definitely of value in these rats in reducing the 

conne c tive tis sue response in the kidney that noI':r:1a l ly 

follows intravenous injection of nep:1rotd>Jtic rabbit 

serum. 

COHCLUS Ions : 

1 . Using the technique of Smade l and his assoc­

iates a Glo:,ierulone:::ihri tis c an be produced in Long-

3vans rats that is quite sL~J. l ar to th.at seen in 

hut1a.ns. 

2 . Cortisone used in a high dosar;e over a long 

period of tine causes a. marked decrease in the inflam­

;··1ator:~ response : e:t,":·,:.::. ttin.c; extonsi ve bacterial in­

vasion nith very lit ,_ le infla.nrrnatory reaction on t he 

,a~t of the host . 

3. Although the number of rats in our series -vras 

not suf~icient to be of statistical sicnificancc si~ce 

so nany anit1als d:':.ed fro"1 ~ neumonia ., we are of the 

opinion that cortisone did d ecrease the severi t :- of 

the c;lomerulone 0 hritls produced as evidenced by the 

fact that ~-~oi>o c ortisone trog_ted rats shoned per sis ­

t e J.t decreas ei in ~'roteinuria and onl:r mild kidney 

chance s s 0 en :'...ic:"osco·,ically . 

4. Furt~1.er experL,10ntation is needed to 'lrove our 

72 



o:;:ir i on . In future uork it would be uiso to use an 

anti0iotic in cor~juncti on uith cortiscne; snd if 

:rneu:01onia is fou:'1d a:11ong a...'1.in.als not recei vir...::; corti-

son e , an antibiotic shor:.ld b e used i n those ani~1als 

also ,. 

3UI~l-... ~.2Y: 

1. A brief revie't!r is :.Jade of c er t ain ~1e t o.bolic 

anc. ~;h:rsiologic properti es of c ortis one . 

2 . A resw'Je of the li te::•ature is no.de ,-,-i th re -

c,..,.rd t o the 0.1-se of cortiso:1e and ACTE in the tl:0 c.t·.., ent 

of nenhx•osis anc". acute clo:1erulonerln·i tis L_ humans .:. 

and in laboratory animo.ls. 

3., Froducti on of exi")e:eL;1ent a l slo-~:orulonei)lll'i tis 

in Lonc;- :.:::v ·1.ns re.ts usins the ne thod of 3r·1ade l is dis -

cussed "'.l one ·.cri t h t:r' c'l..t "'.lcnt of a ortion of these 

ro:~s r:i th u o!'tlsone, ;,_nd a con~~·8-.!"ison of trea·ced 8.nd 

untreated r a t s ,·1i th reca::-cl to clinic 2. l observati ons , 

_lo..bor ...,_toi··:T fi :1di i1:::;s , surviva l ti,--e , snd ci-'os s o.nd 

l:1i c1·osco~"i c ~L1dincs of autopsJ- :;1a tcrial. 

L~ . Conclusions o.re drsr;n. 
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_ :'J:: ... 'J.~~-~t)G~: ~ -:'I'J : 

'-.','e ,,·Tish to e:-:prcs s 0,.,1..r thanlrn to tho follm-rlnc; : 

• r:1:1.0 ::.::. c:1i f:!'."' ttc:r'li t:r ::...,oscc.:.,ch f :),...1.ndation 

f 0:..,.. tho yn.-,.i.,cb.2.so ·" t'1L., t-;,r :1.al e Lons- ~v ~:r"s rats . 

• The :.:e:i:•cl: C}:0--11.i co.l Co~·.:Iio.Jl~'" :or f\1.r11i gh~ n.t:; 

·Fitllout ch::ir'.:o tho cortiscz10 used :·.n this ex1,orimont . 

3 
f[1 ,. D"" -,, " .-.,,,c, B .... -.• ', ·,•Cl ,.- C , • _o !.r . .. ve _.._10 .. , ,._..:..., • ._ .. L?~<-- ,.c ?-Jc , 

..... ... -:...,(""t 

.l ..!.. ..J • 

r:a::ey :-::..,ac:· 2.ncl othe::.., _,o~·i'oe-,· s of the de~')n::..,tment of 

Fat~rloCY Eor tho J1clr they cave us in ... ~::.')o~;~i.2.'"> i!'.C ol1.::: 

1.ate:.,:.al . 

I, rr '+ • ... o D::.., . Li ~- • - -Cii'' C~(,l8'' -f'o,., i 1•tc,-,·,-rot·'o,c t-.'1"'0 
,._ ' ..._ (...1, - ••·- -.. - - - - _.. - ...L.--u V .,J.. 

secti~::s of o·-1.r autops:r ~ te:.---::..[']. nnd fo:.., tho o.dvice 

:'1.nc: c;uirJ_qnco he of:C'erccl 11.s as uell as tl10 cncouraco::.::.ent 

he cr.ive us on t 11e n1sJ.OI'ous occ .. sio:::s i::he:"'. rro -.!ere 

c~isl,.c.:1_i.,tonod b:r t:1e setb::-.cks v;o e:::.;.countor cd in 9ur 

e:;:::,~-,c:.·:! · _ont . 
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.._,____, 

ig. 1 lTT- 2 Untreci_ted r at .. Ii t:~ persisto.nt 4 - al ­
b1.,winuria , showinG inte::':"'s t::. tial fibrosis, cystic 
dilit a ti on of tubules f:_J ed with casts, and 
glomeru i 1:ri th adhesions , fibrosis, and increo_s ed 
§Bgmentation typical of advanced diffuse chron:_ c 
e;lo1.1erulonephri tis . High povrer sl10us glomerula.r 
alterations . 

Fig . 2 -rT-10 Unt_rea ted rat vii th :}ersis tant 4 -
albu:mnuria ni th findings similar to rat IJT- 2 
(Fig . 1) but appearing nore progressive • 



"i· r 3 -Tm _ ,.LTl.-, _ c:; m.J. l"_ 8'lted r---+- 17it '- ,ers:~st nt ~ - u. • '4 .i. l.,J,,. - - • ,.. u _, 

- :>otci:._uric. u:'...t"1 ~i-..,c:_:_ ·-,_:::s s.:.--·_::_ 10.r to t·10::rn in 
:T':1-1 0 C"i,S . 2) t~10,l::_;:1 so·:e'.7hat l ess severe . 

::?ii . 4. ~-'.:' - ':1b- 7 
i: ~")rote im1.:>i a 
nun')o:."'s of old 

t:,e r_ ted rat rri tl1 ::,er sis tent decrease 
fro:·1 4 - to 1 s :10--dE_::; 1oder ate 
~cl:.1os i ens bet·::cen t-1.1-ft 2nd Bo· nan I s 

c ...,~.,sulc . This ::.s 3. 1°el o.civelt ··.5. d inact:'.Ye l o:1-
erulonop::Ti tis . 



::1i0 • 5. :~T- ':::' - ':1reatec rat ':Ji t'1 ers:l.stent 4 -+ 
~"':.

1 otnL:.11.r-i~ :;',..oyr:.n;::: s1i::;-itl:r creator rcacti0r: 
than rqt I:T- ':1½ - 7 ni th occo.siona1 coJ.J.octi n of 
c ,..,sts i:: t1..1.~)1..Lcs "Lc.1. "'- :·1i cl. old cJ.o'--or·: .. itis . 

7ie . 6 ~ I~- ?c - 16 ~reated rat ~it~_ ersistent 4 + 
~,rotei:ruria . These fi ns s''o':r moderately ac vanced 
co.3.nses of chronic clo:"lorulone:phri tis . In lon 
·')oner fiJ.·'1 ll:""1e:r:> tuft s::o•rs 'l.dvc.nccd chcJ1"es ·-r:1.· 1e 
.L ... ... ..... 

lmrnr sl10i:rn less invol ve::--1ent . 



:::;'ic; o ? • lT'I' - Tc-17 IJ:re,:i tcc1- r '1.t ·,-:i t21 rot cinurin. 
'ec,...c"l.sir:c f:."'o L~ -t to t:e .cc s}101.:i:::.~ :.tlld c'1.a.Y1.c;cs 
cv:i.cent of o. :·t.n.i"1qJ. 1"'ec.ct::. ,n of :: oneruJ.itis L1.at 
a:,1 cers to ~)e inac ti vo at ~,resent . 
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