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I� TRODUCTI ON 

The role of the plasma proteins in disease 

processes has long ·oeen a source of conjecture , theoriz­

ing and experimentation which has not proved too 

fruitful. This has primarily been due to the f act 

that investigation of the blood �roteins in disease 

is handicapped by lack of clinically appl icable methods 

for resolving the comnlex system of proteins present 

in the blood stream in to homogenous components·. 'l'he 

only fractionation possible has been into groups of 

proteins having like solubility characteristics, or 

electrophoretic mobilities, or sedimentation constants, 

or other groupings based upon physical or chemical 

properties. Too little has been learned of the bio­

logical significance of these important constituents 

of the blood. However, the above methods, if rigidly 

standardi�ed, give reproaucible results, and in certain 

diseases, characteristic divergences from the nor-

mal patterns. l'his information, if properly correlated 

with clinical and pathological observations, may lead

to important advances in the knowledge of the nature 

of disease processes. 

In the case of :Bright's disease the changes in 

the plasma proteins and their relationship to the 



u rinary p roteins has l ong been of spe ci a l interest. 

Jne has only to cons ider the lon g c ontroversy over 

th e etiology of edema in order to realize the major 

role play ed by the blood pr oteins in the study of this 

dioe&se, or collection of a. i sectse s. n.l thou gh , in the 

early parJ of the n i n eteenth century, Darwin (lS) 

opp osed "anyone who supposed this coagulable urine was 

separa ted from the blood by the kidneys", Blackall (9) 

a little later expressed the □ore p opular state of 

mind wh en he said, R\Vhethe r tbe blood is presented 

for sec re ti on in a vitiated sta te or the uririary or gans 

themselves ~ erform their office imuerfectly is at 

p resent not well asce rtained." 

Before the time of B ri ght it was g enera lly assumed 

that the cause of albuminuria could be found in a 

condition of the blood (hematogenous a lbuminuria) . 

Just what this condition was, vias not understood. 

Richa rd Bri ght (13), however, did n ot lose sight 

of the pr oblem of ih e blood in nephritis even though 

he formulated the iuea of nephrogenous albuminuria , 

in which the kidney is thought to constitute the 

determining factor . He chose , rather , to leave the 

matter to further invest i gation . In cer t a in ca ,ses 

vi h i ch nri Gh t examined he found that the al bum in in 
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ctr O'JS i cal urine was precisely similar to the al bum in 

in the serum of the blood in so far as c oagula ti on 

by beat and reaction to certa in chemical reagant s 

was concerned . Upon investigating othe r s&.mples of 

dropsical se rum, he found ~be... t the serum Wc., s occasion­

ally turbid, and upon standing for t'wenty-four hour s 

a creamy substance rose to the su r fo.c e , b ut he could 

not detect any oily matter in it . He felt that the 

serum in these cases contained less albumin than in 

health, a lthou gh he was n ot able to state precisely 

the amount of this difference. In s till other samples 

of d ro~s ical s er1~ he found tha t the specific g r av ity 

was a l mos t exactly the s a me \v i th that of the urine, 

bein g no more than 1.013. Upon heating it wa s c on­

v erted i nt o a mass hav in g a consistency s carcely as 

dense a s that of the coagul ~ ted urine . He concluded 

that th is b lood showed a ma rked deficiency of albumin . 

The development of p rotein c h emistry has be en 

the signal for 1!1 ore exhaustive and c op.elusive 

research \1hich ho.s c on tin ue d up to t h e p resent time . 

In the mictdle of the l as t century the "sa lting-out" 

methods of Hammarsten and Hofmeister (28, 30) led 

to a systematic attack upon the blood and urinary 

protein s. The re have been v a rious Modifications 
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of this method and its use has been extensive, as 

will be seen l a ter. Exoerimental work has ed u-pon 

osmotic pressure s tudies, imrrunolo gica l stud i es , 

variation in amino ac id content of proteins , ultra­

centrifuge , electrophoresis, have contributed the 

knowled ge of the blood p rotei ns in normal and 

patholo gical states. 

It Will be the purpose of this thesis to p resent 

what is known at present aoout tbe nature and i mpo rtanc e 

of the p lasma p roteins in the nephrotic syndrome, 

limitin g this term to chronic gl ome rular nephritis 

and true lipoid nephrosis. 

THE ~'EPHROTI C svrD~rn~ 

Br iefly the neph rotic syndrome ~ay be defined 

as a pathological state, characterized by gene~alized 

edema , in wh ich the low protein content of the edema 

fluid is its most character istic single feature. 

vith this defin ition , as a basis, the fol l owing conditions 

L1ay be included:- the n ephrotic phases of Bright "s 

disease (including the neph rotic stage of chronic 

glomerular n ephr itis and lipoid nephrosis), nephropathies 

p ro ouced by p oisons such as corrosive sublimate , 

ur&nium, and chroma tes, and a.1:1yloid diseas e of the 
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.tc idney • .i:Serglund, Long cope, and Richards (8) 

also incluue the nutritional edemas, the unasarcas 

seen in cachectic st~ tes of v a rious ori g ins, in 

p ernicious anemia , in p regnancy, ber i-ber i, in the 

complicated nutr itiona l anemias common in India and 

China , in undernourished diabet ics, in patients with 

s evere d i arrheas or short-c ircuited alimentar y canal 

with i mpaired absorption , and in the nutr i tional 

mal- adjustmen t s occurring durin g infancy and early 

childhood . 

In this pa p e r , only the findin g s in the cases 

of Br i ght ' s di s ease a re to be considered . 

'l'he etiology of the edema in t he nephrotic syndrome 

of Bright's disease has lon g been a source of c ontrov ersy . 

Bright , (13J, observing the quantitative significance 

of the p roteinuria ana the probable aecrease in the 

plasma p roteins assumed th a t the th in, vi a tery or 

hydrem1c" con oi tion of the blood p lasma maae it more 

e a sily filtrable into the tissue sp aces . He a id not 

explain the fact that the return of fl u id from t h e 

tis s ue s-paces into the blood wa s appa r ently not related 

to the altered comuosition of the blood . 

Stewart (60) and "Bartels ('5 ) sun'~orted Bright's 

theory of h ydremic p lethora, but pro~ulgated the 
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idea that an i n crease i n vascular p ressure existed 

due to insufficient elimination of wa ter by the k idney s . 

Bri ght ' s ideas p reva il e d unt il 1895. At this 

time Senator (57) introduced the idea that capillary 

damage in rena l disease extended to the cutan eous, 

peritoneal and other cap illa ries ins tead of to the 

glomexul&r capillaries al on e ■ He assumea that the 

cap illa ry aarnage was due to toxic agent s . Hees , 

a ccord in g to Berglund (8) , attributed edema to toxic 

dyscrasia, with the k idney ceasin g to excrete 

in,jur ious substances . 

ome s ixty y ea rs a fte r Bright , Starling (58) 

came forth with the theory that the escap e of fluid 

from the vascular system into the tissues was due to 

c hanges in the colloid osmotic pre ssur e of the bl o od. 

A few years previous to this, Csatasy ( accordin g to 

Kirk ( 34)) had n oted a de c rea se i n p l asma n ro teins 

occurin g in some pa tien ts wi th nephritis. He also 

noted the low albumin c ~n ten t of the serum. 

In 1901 Acha rd (l) showed that p ro duc t ion of 

edema ano its severity va. ried v. i th salt in tc..ke. 

In 1910 ~·i sch er ( 24) explained edema on the 

basis of colloidal chemical changes in t he tissues. 

He thought the cause of the edema re sided in the tissues 
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themselves with chan ges Which increased swellin g capa city 

of the tis ~u es, probarly due to an abn ormal a ccumulation 

of ac id p rod u c ts • He ma in ta in e d th a t t he edema to us 

flui d in serous cavitie s was due to a squeez in g off 

effect of p roteins in t he tissue. 

acha rd, Hibot and Leblanc (2) n oted a change in 

the ability of the b ody fluids and ti ssues to hold 

water in relation to the lip oids. ihey based this on 

the o·bse rva ti ans of 1J.tiiyer and Schaeffer, v-1L1 o found 

that the ab ility of the tis sues to absorb ~&ter w&s 

proportional to their lipocytic index, expressed by 

the r a tio o~ chole sterol t o f a tty a cids. 

About 1929 ~lwyn (20) brought forth the hypothesis 

tha t edema formation was due to centra l nervous system 

control of water balance. 

Today the issue i s still uns et t led. It is 

gene r a lly conced ed that a I:'l. · 1ltiplici 1. y of fa c t ors 

contributes to the fnfimat ion of n e"tJ hrotic edema. 

fhe truth of tl i s is p r obabl y best sbown by the fact 

that therap eutic measures de si gned to correct bu t one 

of the f a ctors have be en unsuccessful. 

1eve rtheless it mus t be c on ceded th&t changes in 

the p l a sma :i,1r o te ins, both qualita tive and quan titative, 

play ar1 i mp or tant r ole in the p roouction of nephrotic 
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ec.ema, a.no a.re aese rving of further investigation . 

NEPHHO':;:'I C GLOJii"Eh ULAR NbPHRI TIS .,..l~D LIPOITI NEPHROSIS 

Eve r y stunent of Btight's disease con s tructs his 

own cla s s i f ica tion to mee t his own i nd ividua l needs . 

or t h i s reason the nomen clature has been most 

confusin g . I n the case of the neph rotic stage of 

cbr on ic gl omerul ar nephr itis and lipo id neph rosis 

we se e two disease p roce s ses i n ~hi c h cer ta i n clir ica l 

and patholo gical d iffe r ences ha v e b een es t abl i shed , but 

whirh exh i b it so many s i mila rities that t heir existence 

as clinical entities instea d of variat ion s in the 

man ife s ta ti ons of one p roces s has 1on g been d e l1a ted. 

'l'he neph rotic stage of chr on ic gl omerul a r 

neprir i tis i s ma. rke d by the _?r omi nen ce of ede□a, 

a ccompan iea ·oy tbe o ·c her syrnpt oms and signs of chronic 

glomerular nephritis--weakness, dyspn ea on exertion , 

hypertension, and a l bum inuri a and c a sts, 1.vi th no 

ma r k ed i mnairment of renal fun ction. fhe course of the 

d is ease is usually char ,, cterized by exace r or1 t ions and 

remissions. '£he exacer':ia tions a re brought on b y colds, 

sore throat ano other i n f ec tions , and resu.lt in 

a g g.,..a va t ion of a l 1 the s· ·mptoms . u urin g remissions 

the pat ient i m~roves, some , i mes to t he po int of complete 
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disarip earance of alb urninuria. Renal function becomes 

p ro gre ss ively p oorer during the cou rse of t he disease . 

Hypertension is n early a l ways p resent , but may 

be &bsent in mild ca ses . ihe sys t olic blood - pre dsure 

usuall :-:, ranges between 140 and 180 mm .Hg.. It is 

not of t en a.bove 200 mm .Hg • • 

fhe kidneys in chronic gl omerulonephritis a re 

of two tynes, c ;ntra cted and non-contracted . ·the latter 

are similar to t h ose described in lipoid nephrosis . 

In general, the smaller ki dneys are found in the cases 

of lon ger durA. tion . 'l'he capsule s a re a dherent firmly, 

a nd the external surfa ces are finely nitted. On 

section th e cortices a re rrnch t b irner t han n o-rr:1al 

and a re indistinctl y dema rcated from the p yramids . 

The cortices usually hav e a yellowish tinge. 

llicrosc opi cally, a l a r ge p ercent age of the glomeruli 

a re hyaline, in sor1 e instan ce s as h i gh a s ni n ety per 

cent. l'he t ub;les as s ociate d vJith t- Uch glomeruli 

hav e either disappe~red entirel y or t hey ~re represented 

by s 0 ~11 ep itne l ial cords . the areas previously 

occupiea b y tubule s ~re shrunken a na c on t rc.,cted, and 

the surf r, ce of the kidney over such a reas is depressed , 

giving the pitted app earance . 'l'he increase of fibrous 

tissue in the atrophic areas is largely relative . 
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'l'he tubul es that have no t 1md ergone a trophy 

are associated ·,iith glomer ·'li that are enlarged, 1m t 

not hyaline. 'l'h ese glome r ·Jli show an increase of 

capill a ry endoth elium, but the cap illa ries a re n ot 

conpletely obstructed. 

Only an occasional case of cLr onic glome rulo­

nepuri t is beJins wS ~ ty~ic ~l ~cute cliL ic~l case, 

ac cording to ~ e r glund (8). .Lhe most convincing ev i-

dence that the disease is inflamm& tory in origin 

is the histol o gical structure of the glomeru lar 

lesions. 'J'here is a definite relationship between 

the 1 e s i on s of th e a cute and ch r on i c s t a g es • 

The blood chan ges in the n ephrotic stage of 

chronic glomerular n eph r itis are t h ose co mmonly 

associated v, ith nephrosis, namely high blood chol esterol, 

lowere d serum albumin, and a reversa l of the ordinary 

albumin- globulin ratia. There is no retention of urea 

or other ~itrogen ous substan c es . Boyd (12) says, 

11 It is evident that t l1 i s stag e may be called the 

nephrotic p hase of gl o me rulonephri tis, for the 

cl i ri i cal sy".p toms and the olooa e1,nd urinary findings 

are iaentical ~, ith those of that somewhat misty 

entity."' 

According to Leiter (36) nephrosis began as 
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a point of view, which has since b een transformed 

into a clin ical entity. He states th a t Virchow first 

introd uced n ep hrosis a s a paren chyca tous inflammation 

of the k idne y . This explanati on wo. s inadequate &nd 

wa s rep l a ced b y c oncepj;s of exudation and prolifer a tion 

in the vascular and supp ortin g s ystems. 

In 1905 ll tlller (4~) suggested the term "nephrosis" 

for purely d e genera tive lesions of the kidney, meaning 

the tub ular nephropathies c..na not the degenercttive 

chan ges of art e riol~r bTid a rteriosclerosis. TTdller, 

h owever, recognized t hu t no clin ica l differentih.tion 

could be made. 

ten years later the term re a ched a clinical 

fo 'oting with V olhard a n d J:rahr's (62) division of 

bilateral hemato genous renal diseases into genuine 

n en hrosis, nenhritis, an d n eDhrosclerosis. 

:Senn ett ( '7) sur 1na riz e d the views of :r~unk ( 46), 

a c ontemp orary of Volhard and ~~hr, a s f ollows: 

"Accord ing to the c oncep tion of Vunk, all renal 

dis ea se with oede~a , a part fr om hea rt failur e, should 

be classed as n ep hrosis, wh ilst cases with haematuria, 

uraemia, and cardiO-V c:¾ SCular complic a tions constitute 

tru e nephritis. \~hen a \ i a ter logged patient 6ets an 

attack of haematuria, an d the blood-pressure rise& 
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and nitro gen retention appears, it is ne~hritis 

C OT11T)1. i ca ting n enh rosis; wh en, on t he o the r hand, a 

patient after a febrile ha ema turia with transient 

hyperp iesis passes in t o a cond ition of anasa rca, 

that i s nephr osis superven i ng up on nenhr i t is. " 

Eps tein (21) introduced the term lipoid 

n ephros is into the Un i t ed Sta tes in the early 

part of the p resent century. 

Boyd (12) describes wha t he says the clini cal 

p icture of a pure nephrosis is "supp ose d to be", 

ac cording t o presen t oa.y con cep t s. The pa tien t as 

a rul~ i s y oun g , often only a chila. ~he principal 

change s a. re eaema, ma r ked ai-ouminu:c ia, a urine 1i, i th 

a hi gh speci f ic gr av ity, a~undant casts , and dou bly 

refr active lip oid b odi e s, but no red blood cells 

( "for these i ndicate an inflamma tory lesion"), normal 

blood-pressure, a ~ ode r ate but nrogressive anemia, 

mar ke d salt retention, n ormal blo od urea and total 

n on- prote i n n i troger. , a decrea se in the sernm albumin 

with inversion of the n orr1ai r a tio of a l bumi n to 

globulin, a grea t inc reas-e in t he blood ch ol e s te rol, 

and a lo w ba sal r1eta·bolic-rate. l'he thre e mos t 

s triking p os i t i ve features a re the edema, the a l buminuric; 

and the hype rch ol este rolemia, wh ich may reach as 
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t:Iigh as eight hundred mg. pe r one l1undred cc . The 

i.,mportant negative features are the n ormal blood -pressure 

and the nor'lal blo od urea. The d isease is subject 

to -e□issi ons 1:;.nd exa cerbat ions, and nerglund (8) 

states tha t according t o ry uhlished reports, fifty 

per cent of the cases re cover ultimately, with the 

usual cause of death, if it occurs, due to peritonitis 

and other infections. He states thht 1uer1 ia does 

r: o t deve lop. 

lhen a patient ~ ith L eph rosis dies in the ea rly 

stage f r om intercurrent i nfect ion, the kidneys are 

foun u to be l &r ge anci pale, pr esentin g the p icture of 

tl1e n1ar ~e v1hite k idney 11
• On section the cortex is 

swollen hlld pale, c.:..nd yellow spots or s treaks are 

often discernible. In some case s th e or gan r.iay 

p resent the peculiar appea r an ce known as the "myelin 

kidney~, ~his presents a naked-eye picture of g reat 

dep osits of a meylin or lipoid substance. B oyd says 

it is n ot peculiar to the nephrotic kidney , but is 

al so found in the second stage of gJ. omerulo - nepb -ri tis . 

Jf icrosco,ic examination shows the condit i m1 to 

b e e usentially a t ubul a r lesion. The c on vol~ted 

tubules a re commonly dilated , and the g reatly swollen 

epithelium is s e en to con ta in large ff1m1Je rs of droplets . 
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7hese droplets &re considered by some to consist of 

the neutra l fat seen in ordinary fatty degeneration, 

and by others to be lipoid or fat-like in nature. 

According to the sup~orters of the concept of lipoid 

nephrosis as a separate entity, the glomeruli should 

be unaffected. Boyd (12) an d ~erglund (5) maintain 

that if special techniq ues a re us ed a nd high mag­

tj.ification, chan ges Will be n oted in the glomeruli 

of the kidn e ys of r: ephr osis. These l esions c onsist 

of p ro l ifera tion of the endot helium lin in g the 

capilla ries of the tuft and a thick enin g of the 

base ru en t n emb rane. 

On the othe r hand, Ifurphy and Warfiel d ( 48) 

have demonstra ted cases of nephrosis i n whic h no 

6lomerular l e sior1 could -b e found aft e r cc1.reful s tudy. 

Thus we s e e tl1a t wh ile Boyd is op enly 

anta gon istic to the concept of n ephrosis as a clinical 

enti t y, Leiter p r esent s a len g thy ana c8nvincing 

ar gument tha t t he d iseas e a ctually does exist and is 

no t a nart of glomeni.lar Bephritis. 

Addis and Oliver (3) p refer t o divide 3 right's 

diseas e in to hemorrhagic, de ge~era tiv e, and a rte rio­

s cle r otic d ivi s ions an d let the mat t e r rest. 

Achard (1) beli ev e s thd t pure lipoid ne~hro s is exists, 
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but he admits that cases Which present all the features 

which have been described as characteristic of the 

disease are rare . 

.tsermett (7} accepts the possibility of a primary 

pure nephrosis , and suggests that the kidney in this 

disease 1'1a y undergo sec ondary chan ges resembling 

.those of gl omerular neph ri tis . J:J;l wyn ( 20) , on the 

other hand, oelieves tha t in all cases there is an 

initial glomerulo-nephritis which often heals , leaving 

tubal d amage which has resulted from the absorpti on 

of the p i: th ological glomerular transudate . Likewise, 

:Ber glun d et al ( P) t h ink that it appears probable 

that def . n i te gl omerular alterations could ha v e been 

demonstrated with ap p ropriate techn ique in the cases 

vJhich have b een descri oed as free from glomerula r 

involvement. 

So the c ontroversy rages. But regardless of 

whether the 11 ephrotic sjDdrome in :B rigbt ' s a isease 

is repr e s ented b y one ~aisease or two, the changes 

in the blood and urine remain essentially the same. 

0s11rorrirc ? '9E SSU'RE OF TJ--fE BL OOD COLLOIDS AJTD :BLOOD 

VOLUME IH THE 1-i:i:•rT'HROTic sv.NDROME 

L The patholo gical va~iations in the osmotic 
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-;Yressure of t he -~JToteins are amongst the best ::n own 

of ttose colloi dal change s wh ich play a par t in the 

causation of nephrot ic edema . 

Von Jaksch (0 1iX in 1 89 3, using se rurn obtainec by 

cupping, showed a 011uti on of blo od i n a cute i l l ne ss e~ 

ana diseases of the heart, lungs and kidneys . 

,:j tarling ( 5.21 i n 1895, obflerved tha t the osmotic 

p re ssure of the ~roteins of t h e s e rum was ab out 

th ittJ to forty mm . Hg., and stated tha t whereas 

cap illa ry pres sur e dete r mines tran sud a ti:on, the osmotic 

p ressure of t h e proteins of t he serum deterr1i ne s 

abso rption. ~pstein (21) l a ter, commenting on the 

wel l known fact of the dec r eas e in the blo od nrote i n s 

in cases of hydrop i genous nephr itis, a s sumed t ha t 

this must lead to a low , rotein osmotic r:iressnre , 

a nd woul d, ac co rdin g to Starli ng ' s theory, tend t o 

prouuce edema. 

Kro gh ( 35) es t i mated t h e pr o tein os ·• otic p res sure 

of the o.xala ted se r um in a pa tient of Ha gedorn, 

ca..3smussen o.11.0 .H.ehberg, &La obtaineci the very low 

figure of 10 cc. of wa ter, wherects the 1.ormal is 

about 45 to 47 . 

Uovaert s ( 2 6) i n 1923 and again in 1984, using 

a d ifferent technique, found the tensi on in no r ~a l 
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subject s to be from 35-40 cm. of water, 1 gm . of 

protein pe r 1 00 cc. of seru□ corresponding to a pressure 

of' 4.61 cm. In most of the edema tous pa tients, v1 ith 

the excention of those with a purely r1e chan ical edema, 

the n ress ure was less than 30, and it fell as low 

as 12 i i-• "')aren ch ymatous neI)hritis. He p ostula ted 

that the fall in osMotic nres~ure was due n ot solely 

to the diminution of the blo od nroteins, bu t was 

due also to the fact that, in equal concent r at ions, 

these prote ins give a lower pressure than those in 

nor ,1al blood . Schade and Claussen (56), workin gvJi th 

citrated p l asma , obta ined similar results, what they 

term the oncotic pressure be i ng 25 mm . Hg., or 33.?5 cm. 

of 111c1.te r in the nori1al, falling to 14 crn. of 'i,&ter 

in hyaropigerious neph ri ti s. '.i.'his fa ll they said, 

is" dependent on the spe ci f ic nature of the proteins 

and in t h i s case is ass ociated -~, i th a pa rticula rly 

low spec ific on cotic pressure. 

R'usznyak (5 5), us in g a collo d ion sac, a lso found 

that the p rotein pressure pe r gram, which he called 

the osmotic press•rre , was lower in ed ema , and 

attributed t h is to an abQndance of f ibrino gen . 

I n s earching for the f a ctors wh ich det e rmine this 

lowerin g of the protein pressure , Govae rts (26) 
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found that there was u. relation between the r elative 

pro11 (j.'tions of a lb uw i ns and globulins, i.e. oetween 

the A:G ratio a nd the protein os' 1 otic pressure. 

One gram of ~liburnLrln.hasl ¥ :p ressure of 7 .54 cm. of 

water, a grhm of globulin on ly 1.95 cm. This is 

ba.see1 on a molt.:cular weight f or serum a llburnin of 45,000 , 

of Rseudo-globulin 80,000, an d of euglobulin 140,000, 

with one gram of albunin therefore con ta i n ing man y 

more molec ·il e s than one g ram of globulin. 1-'oreover, 

as the isoelectric ~oint of albumin (pH- - 4 . Q) is 

further removed ~ram the n eutral p oint than globulins 

(:pH--5.4) they a re more d iss ociated wh en the pH is 

abou t s even, wh ich is the apnroxiMa te f i gure for 

bl ood . These two factors result j_n a l bumins h v i ng 

a greate r osmotic nress,u e than globul i n s. 

V on Fark a.s ( 6~) co nf irmed this relation betwe en the 

a l bum in quotien t and the p rotein oso o t ic p ress u r e 

by r1ean s of Schade 's oncometer. He a lso foun d that the 

p rotein :p ressur e is a t its ma.;- 1murn i n the region of the 

c oncentr~t ion of n orual saline; thht ne ither the non­

p rot ein n itro geri content n or the diminution in tue 

all<:o.l i res e rve LXerted o.ny i n fluence, b ut tha t the 

addition of lecith i n and cholesterol tend ed pe rhap s 

to lower the 0s1TJ o t ic p r essure. 'i'he A:G r a tio of the 
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serun he found reduced in nephritis with edema c,nd 

in n enhros is. 

Govae rts ( 26) c om-oa re d the a l bumi r. aliotient in 

va rio us types of dr onsy, and f oun d it to be nore1al 

in ca s es of well compensated heart ~iseas e, bu t 

lo~ered i n ca r d i ac patien ts With f ~il ure of comnen s ation, 

and in nephr i t is wi th edema. Ee concluded that tbe 

i nver si on of the a l bumin qu otient, a d isturbanc e of 

nutrition having no eviden t connection wi th an 

a lterbt ion in renal function, ex i sts , as shown by the 

study of v~lvular caraiopctthies, before the appearance 

of eaema. 

1-n 19~6, .uarrow (1 8 ) oeclc..reci that there is c ,. 

tendency to blood concentration during the edematous 

stages of n ephritis in children, and Brown and 

Rown tree (14), at about the same t ime detected n o 

abno rmalities in the serum volume in gl omerular 

n ephriti s and nenhrosis with edema . 

In 1933, rruntwe iler, 1./ay, Bi v;n s and ryers (47) 

r-1ade a rather extens i ve study of Y) la sma colloid 

o smot ic -rressur e in pa tholo gica l conditions, in wh ich 

they correlated the chan ges of the n lasma colloid 

osmotic p ress u re i n conjunction Wi th the c ~~a~ges of 

the p lasma p rotein concentrat ion in the course of 
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,~ i seas e process es. Their technique enployed the use 

of colloi di ori sacs, and the plasma employed wa s obtained 

under oil from an arm vein, before breakfast an d 

vi i th out stasi s . 'l'he d ialyzing fluid c onsistea of 

naCl, KCl, NaH6~ and Sorensents phosphate. They used 

sixteen norwal subjec ts and forty-two hospital patients. 

On the n or mal pa tients they found that the p lasmi 

osl'!lotic p ress ure averaged 32.5 mm . Hg . , the total 

p r oteins averages 6.86 gm . per lOOcc., the albumin 

a v erage s 4. 8 4 gm . ctnd t he .n:G ratio was 2.58 . 

l'hey founa tllc1.t in cases of renal uiseci. s e \,itb 

eaema there is gen er &lly a definite lowerin g of b o t h 

the serum protein c on tent c:1.nd the colloid osmotic 

press ure. The lowest colloid osmotic nressure observed 

was 8 .1 cm. of u lasma, accompanied bv a total serum 

protein c ontent of 3.70 gm.--obtained in a case of 

nenhrosis with ma rked nitting edema a nd slight ascites. 

In gener a l the changes in the serum protein and albumin 

c on tent were pa r al leled by changes in the colloid 

osmotic n res s u r e • ..l:i'urther, in cases of renal. disease 

(n ot cmnp licated b:; ca r d iac disease) edema v1as generally 

absent when the colloid osmotic ~ressure attained a 

value of t wenty cm. of plasma or more. Ex cept ions 

to these were ob served in two cases of acute 
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glomer 11lar nenhri tis. One had marked pi ttinis ede111a and 

slight ascites in the presence of a colloid osmotic 

pressure of 29.5 cm. :p lasma, a total serum protein 

content of 6 . 43 per cent and an albumin content of 

3.64 gri. One case of acute exacerbation of chronic 

glomer ular nephritis was clinically free from edema 

with a colloid osmotic p ressure of 14 . l cm • .plasma, 

a total serum protein of 4.68 gm. and an a1 ·ou1.ain 

of 1. 74 gm. 

In six cases in which edema disappeared ~ith high 

protein diet and low salt intake, the colloid osmotic 

nre ssure and the serum nr o te in content sh owed a definite 

increase with impriovement in the clinical condition . 

However, f ive cases were clinically free from edema 

when t he c olloid osmotic nressure was below 20 cm. 

plas111a. The t enden cy towa rd edema still remains, 

however, 1mt il values increased above critical levels . 

~Ji th return to n ormal plasma p roteins, there is a 

pa rallel increase in plasma colloid osmotic pressure. 

Ten years after Hun tweiler et al, Kagan (·33), ;:, stated 

that since edema is tbe only clinical sign of bypo­

proteinemia, and is p resent in only three per cent 

of the cases of hypoproteinemia., it is necessary to 

use laboratory proceaures to detect most of the cases . 
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He did no t define the critical level of nla s Y"la. -orot. eins 

necessa r y fo r the ~reduct ion of edema. 

Peters (4~) states thcd oe caus e of its sraller 

m.J lec ul a r size and other p ro pe rties as yet n ot entirely 

understcod, a lbumi n exe r ts a far g reat er o,;m otic p ressure 

than g lo bulin . In all other respects, a lso, including 

its ori g in and function, a lbumin a npears so d istinct 

f rom glo bulin t ~a t they should be considered as .noepenaent 

variables. He ~elieves, that in consid~ration of th e se 

facts, that the expression , 1:uG ratio, has no sign.i-

fi cance and Cc, n l ead onl y to confusion. Serum a l bu min 

de~leti on by lea kage into the urine or plasmaphoresis 

or by nrotein deficiency in the diet serves as a measure 

of mal n utrition or p rotein starvation. On the- oth<er 

hand, glo bulin i s little affected b y these disorders . 

In fact, he sta te s tha t it is increased hy r1os t in­

f act ions and a var iety of non-infectious diseases 

and d is orders, as well as r1al-nutrition. He cons iders· 

a reduction of serum albumin i mp orta nt b ecause it gives 

rise to edema and i ~d icates a more serious loss of 

proteins from other sourcea. 

.fleters, Bruckmau , Eisenuan, Hi:l.ld and 11akernan (EQ_) 

ran a seri e s of tests in v1h ich they uete rm inea tl1e 

t o tal serum pr otein one hundred-seventy- nine times 
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in twer.:i.:tyi;. 1one ~atiemts with nephrosis or nenhrotic 

nephritis. On one-hundred-eighteen occasions, in 

fifteen patients, the albumin and globulin fractions 

were determined separately. They concluded th a t total 

protein deficiencies involved chiefly the albumin 

fr a ction. '.L'.he globulin lay within normal limits or 

was slightly elevated. They related the hyperglo bulinemia 

to the underlying infectious process. khey maint&in 

than it is not the proportion of albumin to globulin, 

but the absolute cone en +ration of al bum in, which is 

i r1111ortant in edematous nenhritides. A low A:JG ratio 

due to a reduction of albumin has a si.ignificance 

entirely differert from that eaually low due to an 

eleva tion of globulin. 

Linder, L unds gaard, Van Slyke, and ,3til lman '( 3?}; have 

not observ ed g ross increases in plasma volume in glom­

erular nephritis, nephrosis or nephrosclerosis, even 

when the concentration of p lasma proteins was rrmtoh 

below normal. Their results indicate that "Fydremic 

plethora,. does. n ot occur. 

hccoroing to Linaer et al , a low plasma protein 

concentration is not due to an increase in plasma 

vol ume. Likewise, change s in plasr!x.l volume showed no 

-eons tan t relationship to changes in edema. In their 
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exp eriments the tota l globulin va ries much less than 

t ota l al bum in, wh i c h is an i mp orta nt factor in the ar guMent 

aga i ns t the exp l a na tion of the f a ll i n p ro t ei n con­

centra tion on t he hyp othe s is of simp le di lution. 

I n 1945 Cohn (16) s et f orth the f ollowin g a s the 

values of the p ercen ta 3 e of the total osmotic p ressure 

of t h e p l asma v,hich is exerted by t he v a rious p rotein 

fr c1. c t ions :. 

P R0Tul:N J<> OF TO TAL /J OF COLLOID 
I>RO'ilill'-l 0Sl1O 'ITC P RESSURE 

Fi b rinogen---------------4---------------------1 
Ga mma Globulin- - -- ---- ---11-- --- --- -- - --- -- -- --5 
Lip oproteins-------·-----20--------------------7 

(Al ~ha and b eta G.) 
Li~ oid free al~ha--------65--------------------85 
81 beta g;lo bulins 
n lus a l 1)um in 

:F'RAC' TI ONI ?..A 'IT ON OF Tr'"E PLAS?.fA :1--qo TEr r s "BY SALTI N(';;.ouT 

J~TF OD~:i- AS 'q~•:LA TED rrio STUDI -r.:s OTi' TI{:' l'T:EJ:11-fR OTI C SY'NDRmm 

Until t he b e g i nn in g of electrop horetic smudies t he 

que s t ion of t he ind i v idua lity of th e ~ r otein s of t he 

p lasma Wa s f undam en t a lly one of the i n terp re ta tion 

of the resu lts v1h ich hav e ac c~.mula ted by t he class ica l 

meth ods of pr epari ng th e v arious p ro t ein f r a ctions 

( s a l t i ng-out and ac i d i f i ca tion) as eviden ce of the 

sep u r u t i cp of a.n c.i pp a rently h orn o genous fluid in t o chemic a l 

en ti t ies or the d ifferentia l p recipi t~ tion of colloidal 
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.~ 
_articles of v a rious de grees of dispersion. 

The ear l y work on the nroteins was based on tbe 

hynothesis that there were s ub sta nces of different 

c onstitution in th e blood. This was a natural as s 11mption 

since t h e most ch&.rac te r istic p rotein of bloo d , , 

fibrinogen, s~rated from the rest of the p lasma in 

an insoluble form, fibrin, without the aid of s p ecial 

chenical manipulation. Fibrinogen had a definite 

property, that of coagulating. There was E..lso a. second 

protein, euglo bul in, having p rope rt ie s in common "' i th 

fibrino gen, but vvithout that of coagulating spontc:lneously, 

such a s insolubility in water, solubility in ailute 

salt solutions, and urecipitable by the acidification 

of the nlasma, particularly after dilution. 

Other ~rotein fr a ctions with more or les s definite 

p roperti e s h a,re h eer obta ine o f -r om nlasma through the 

us e of t h e ten perc ':; n re o:' coa i:s1ll a tion an c1 saltin g-out 

with sa lts of va rious concentrations. Thus we have, 

in a c.d it ion to f i b rin oge n a n d etq lobul in, p seud oglo b ul ins, 

and alb'..lmin. 'i'he distinction between eu globulin a nd 

pse udo globulin was the solub ility of the latter in water, 

and the hi gher concen tr a tion of s a lt re q• 1 ired for its 

precipitation. .Chus eug lo bulin \-io.S precipi t ated by 

a s~turat e d s olu t ion of soaium chlorine, a one-half 

saturctted solution of u a gnesium sulf8.te, or a one-tbird 
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s aturated s Jlu t ion of amm onium surfate, wh ile pseud o­

glo bulin was not prec i p i t ated by a sa tura ted 

s ol ution of sodium chloride and r e qu ired a saturated 

sol ut ion of magn esium sulfate and a one-half saturated 

s olution of amm oni um sulfate fo r its precip ita tion. 

,~l bumin , on th e other hand , wa s so luble in wa ter und 

-v,as p recipitated only b y saturation wi th a;JI 1oniurn s.1lfate , 

or up on acidification of a saturated s olution of magnesium 

s 11lfate, or the a ddition of another salt, st1 ch a s 

sodium su lfate. 

Th e wo r k of the Hofmeister ( 30) sch ool extended 

the n 1mber of salts which cou l d h e used to f r a ctionate 

protein mixtures, and sh owed the rela tion betwe en va rious 

salts when used to Dreo ip i t .:, te euglobulin fr om serum . 

The limits between ~hich v a rious prote ins were prec i p ita ted 

were de fined in te rms of the p ercentage of a sa t ura ted 

s olution of ammon ium s1Uifa te. Howe ( 32) modi f ied 

the technique by i n itiat in 5 the expres sion of the 

limits of p recipitation of the various frbctions in 

terms of fractional volume- mol a r con centrations of 

different salts . He has established that a definite 

inc r ement of salt is a l wa ys required to precipitate 

ea ch of the fractions. In the on inion of Howe, the 

-re·gulari t y of the increment , c orrim on to all salts, raises 
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tne question of the sign ificance of the protein fractions 

~eparated by salting-out.· Re thinks it is poss ible than 

we are not dealing vii th the nrecipi ta ti on of individual 

proteins but with a nhenomenon of the neriodic precin ­

itation of ri r o tein iil hic[IJ! reflects the activity of the 

salt, or to a periodic reaction betTieen colloidal 

~articles and the added electrolyte. However , 

i rnmur1 Jloe;icul s tudies, crnd electrophoretic analysis 

have substantiated the basic soundness of the salting­

out methods . 

'l'he refractometer hc:Ls been used to determine tbe 

con c en tr at i on u f to ta l pro t e in an o of t be Hot e in 

fractions of _,;i lasm& cJ.nd serum. obertson (5l) has 

developed the most useful modification of this method . 

In the latter Dart of the last century, Hanmer s ten ( 28) 

and Fofmeister (30) laid the e;round \,ork for what was to 

follow. Hammersten nreci-pitated the nroteins ·with 

rgS04 and estimated the r:.itrogen by the Kje1dahl 

method . Hofmeister, an cl others, used ai,i•·0 onium sulfate 

in their ,,ork . The refractometer was introduced by 

Strubell in 1900. 

The classic work of Albert Epstein ( 21, 22, 23) 

laid the groundwork for future advances in the study 

of the plasma proteins ip Bright 's disease. First of 
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a:11, Epstein stated:. "Normally blood ser um va r ies 

but little in i t s cl1eu ica l composition, I.ts chief 

in gredie1its , the proteins (e uglobulin, pseudoglobulin , 

and albumin), NaCl, urea, a nd tbe allied nitrogenous 

waste products , ma intain definite proportions &.n d may 

be re ga rded as physiological constants." 

In his experimental work Eps tein used as his 

normals Ramna rsten's values for h uman blood sera: 

Total Protein--5 . f'i to 8 . 4 gm ., lfean- -7.0 gm . 

Globulin- - 37%- 40% , }'l'ean--38.5iJ--2.7 gm. 

Al bumin-- 6~ t o 63;c-- - 4 . 2 gm . to 4 .4 gm ., l<T"ean--4. 3 gm 

Glo bu li r / Al b 1J.P1 in r a ti o:--1: 1. 6 

I n 1912 Epstein repo rted his studies upon t welve 

cases of chronic nephritis . He di~ided the cases 

into chtonic parencbyna tous nephritis, chronic inter­

stitial neph ritis, and ch ronic mixed nephritis. 

lie uescribed most cases as in uremi a . In the 

parencbymatous neph ritis he noted & marked relativ e 

increase in the albumin fra ction. In these cases he 

also noted a greenish opal e scent sera which he s ta ted 

was li~oid in combination ~ itb p rotein. However, in 

cases of chronic in t erstitial nephritis he stated tha t 

there was a t end ency for the globulins to be below 

n_or r,,a I. 0 - . 
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A year later, Epstein ( ~3) s ummarized his 

previous findings as follows: 

"In the serum of cases of chronic parenchymatous 

nephritis the increase in the glooulin content is most 

pronounced, and the blobulin may constitute nearly all 

of the p rotein present. On the other hand, the p rotein 

fractions l f sera from cases of chronic interstitial 

nenhritis nresent in t 11eir auantitative relations, 

little or no ch a nge from the normal. In certa in cases 

of th.e,J,.,atter group, tl-:tere a1')pears to he a tendency for 

the globulin in t 1-> e serum to fa l l below the normal 

percentage.--- -The author is of t he op inion t hat the 

chan ges occurrin g in the n rotein composition of b lood 

se rum in different d iseas es are not accidenti::il, but 

they are the res 1.l t of we 11 defined influences a cting 

upon the blood and its serum. In con t r as tin g the findin g s 

in the bera of p~ tients bith chronic interstitial nephrttis 

anct 'v,ith chronic parenchyrnatous O,ephritis, the conclusion 

is reached that the two d iseases are geneticolly J ifferant 

in respe ct to the blood, and that the change in protein 

content of the blood and serum plays a direct part in 

the ,,roduction of some of the clinical nanifestations 

of the two ty11es of renal disease." 

He further postulated that the composition of the 
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rrine and the blood stream (the chlorides and nit ro­

genous was te :Hoducts) in chronic interst itial ne:rhritis 

depends upon the degree of i mpa irment of the r enal 

function; 1Jhereas in the chronic parenchyma taus nephri tts 

the chem.istry of tl1e urine, the retention of fluid and 

sa:tt in the oody, anct in a large measure the cha.r c1 cter 
:-4 . 

of the Lisease in t he kidneys, are ct ue to the changes 

occuring in the blood. It is thus seen that Epstein's 

conception of chron ic interstitial nephritis was 

apparantly that of chronic 3 right's d isease which 

terminates in ureMia, while parenchymatous nephritis 

leans toward the concept of nephros~. 

In 1 91?, Rowe ~5~) stud ied several case s of chronic 

neph ritis with edema by means of the micro-refractro­

r'!etric meth ocl of Robertson . He concluded that t he mo st 

marked variation from the normal was a low total 

protein, which he said was due in a lar g e pa rt to the 

presence of hydremia, "though the toxic effect of retained 

w&ste products undoubtedly pl,ays a role in reducing the 

availaule oody p roteins. 8 He also found that the 

percent&ge of ~lobulins and the non-protein suostances 

was aoove no rmal. He considered the norrial A/G ratio 

to be twenty- six per cent . Rowe also observed that 

in two cases with complete absence of clinical edema 
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t he p rotein s we re tw o p er cent below norT:Jal va l ues. 

He thought tl1&t t l.1 i s f ai lure to -,-et urn to no rmal wa s 

a man ifes tat ion of inte r nal edema, wh ich pe r s ists long 

afte r subcutaneous edema is dem onstra ble, and tha t it 

·1s a lso a rrian ife s t a tion of , he chronic intoxication 

present in n ephrit is.--n i ha t re t ained toxins Chn aid 

in br eaking aovvn s e r um p roteins is c e rta in. 0 

He cite d as furth e r p roof of his t ll ed:>ry th e experience 

of Castaigne and \✓ i t;hiray, ,vho dem onstrated by the 

refractometric method t ha t suocv;i;aneous i
0

njection of 

comnlex nroteins caus es a slight dim inution of the 

--ser um nrotein, which is due to the toxic effe ct of t h e s e 

injurious substances , supnosedly. 

I n 1 921 Howe (3 2) : ntroduce d the use of sodium sulfate 

s ol utions at thirty-sev en de grees centi grad e for use 

in p re eipita ting bl ood p r otein fract ion s . By t h i s method 

h e p ut fo r t h evidence tha t t here are two globul ins in 

the o lood ser um in addition to euglobulin --pseud o glo bu l : n I , 

and pseud oglobulin II. Gutman (27) lists normal va lues, 

ac c ording to the Howe me thod: 

otal Se r um ? rot e in--6.5 gm . ;o--'7.9 gm .Jo 
Serum b.-l .bumin- - 4 . '7 gm .,o-- 5 . '7 gm . ~ 
Total Glo bul in--1. 3 gm . ,o--2. l gm .,., 
J.illglo bulin--0 .. 4 gm .Ja--0 .lgm.,$ 
Pseud o glo b ulin I--l.9gf11/b--0.8gm .. % 
Pseud o gl o bul in I I--0. 8gm . ;!,--0. 2gm.,:, 
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Berglund , Lon gcoue and uichar ds ( 8), using Fow e's 

method made a s tudy of the ~lasmas of eigh t y- ~ i ne 

patients , predominantly with r enal d is ease . J. h ey found 

that t he mean total prote in was 6.43 pe r cent, wh ich 

figure did not v& r y significantly from the normal mean. 

The a l bumin was 2.96 p er cent as ve rsus 4.07 p ercent 

in the no r mals. The total globulin, includ in g fibrinogen, 

shewed s i gn ifica.nt increase, the mean being 3 .47 r..)e r cent 

versus t h e n ormal ~.59 per cent . Th e p seudoglobulin Il 

wa s 0.77 :per cen t a s v ersus the n or ua l 0 .68 percent, and 

~ seudoglo bulin I was 1.13 p er cen t as: versus the norma l 

e.o5. Togethe r the p seudoglobul ins of the na tholo gical 

plasmas were significantly h i ghe r than the nor mal, but 

they were found t o vary less t han any other ~ r ote in 

fraction. 'i'he .,,athological albur1ins did no t n rove 

homogenous, showing two groups of sl i gh tly differen t 

s ize, one of a::-iproximanely of no r mal values, the other 

with lower va lues. The one with the low e r va l ues in­

cluded the mar ked renal ca ses. The l ow albumin an-peared 

to be due to heavy renal leakage , and n ot t o other 

i ntrtnsic plasma cha nge s. 3 0th fibrinogen and 

euglobulin unde r pathol o gica l cond i t ions showed mi nimal 

va lues defi nite l y smaller than the no r ma l mi n i mal value s . 

!These t,11 o fr act ions we re marked by their g reat and ~ 
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inden endent variabilit y , both in hegative and nositive 

dire c tions, narticularly the l at ter. 

The f a ct tha t t he total protein both normally 

a nd uatho lo o;i cally varies le ss than t he s ~n gle fr a ctions 

nece ssarily brin gs up t he que stion whether the different 

fractions v a ry i n a r ecip roca l and ? omn ensatory way. 

fhis some t i mes s e eme d t o be t he case with the t wo 

p seudo globulins. For the oth er fra ctions t hey 

beli ev e the que stion is to be answered in the ne gative. 

·.L'hey t h ink that the rela t ive cons t an cy of the total 

pr otei n de pends on the f ~ct that a r ound the hi ghly 

con s tan t p seud oglobulins the euglo b ulin-fibrino gen and 

albumin va ry usually in onposite directions. 'ibis 

varia t ion is t hou ght to be an independent one, however, 

the euglobuli1-fi b rino gen ~' r a ction fre quently being 

i n cr eased i nd en en dently of any al t er a tion of albumin. 

'rhe se wor ker s -r e f r a i n f r om th e use of th e term albumin­

glo buli n ra tio. 

Lin der, Lunds gaard, and Va n Slyke (38), using 

the micro-Kjeldahl method of Howe, analyz e d sera from 

all t yp es of Br:i: ghts a isease, includin g the nep hr o tic 

s t a t es. ·h e ir con clus ion wa s t hat ev i dence is stea dily 

a ccumulatin g to show tha t nephritis is a. disease n ot 

merely of the -"'- idneys, ·nut t rmt it i ncludes WiOespead 
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changes in · emote tissues and ~ -ndamen t a l if still obscure 

changes in Mata~rlism. They c 0nsider tha t the increase 

in '?;lobulin Ylhich i.s s o often f ound may 1:l e a naase in 

this metao0lic deran gemer t. They s·;rr1ise that nossi"bly 

the formation of 1_1 lasma gl ob ulin is the 31 rimi tive form 

of , lasm& prote in nroduct ion and the or ~an i sm in 

d isease tend s to r eturn to th is prtmitive form. 

1'1--1.'UliOLOGI CAL S 7UDI ES ON P LASMA AND URINARY PROTJ~INS 

I N THE l{i£I)HROTI C S:!.!irDOJ'rE 

n.. lilDl1h;QU.rJ.,, TI'f11.TIVE J.G;;TH OW . deveral investi ga tors 

have striven to p rove whether or 11o t abnormal p roteins 

are present in the plasUJ/;l ana serum of J)ct. tients v,uo 

present the nephrotic syndrome. One of the first was 

1rru11er (4t<i} , who was unable to demonstrate the presence 

of a foreign nrotein i n the urine of nephrotic patients, 

and concluded tha t the protein of urine and serum were 

identical i n comn o s ition. 

In 1929, R~Witts {299 ~bt~insd opt lc~l ' t ~~ations r t h 

o~ ~urthe 6btat~ed :¼ tth ~a uchmi d t and Haentsch po l a rimeter, 

v-1 ith a merc 1rry vap or lamp. In his O!) i n ion a lso, the 

serum and urinary a l -oum in wa s i dent ica1L in nephrosis. 

It is to be n oted th~t neither of t he se ~ orkers 

ventured an( opinion as to ·w heth e r the serum and urinary 

.:.Jroteins of the nephrotic com;ia red favorably with the 
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normal. 

Also in 1929, .nnd r ews, .1.homas, a.nd ,lelker {4) 

came forth with the theory that the presence of serum 

proteins in th e urine in nephritis is due to their 

combination With other n itro genous factors of tissue 

ori g in, some of which are hi ghly t oxic. They believed 

that th i s co mb i na tion acts a s a detoxicat ing mechan ism 

and that the el i minat ion of t his prot ~ in by the ~ idneys 

is due to a lteration of norr'1a l serum proteins by t h e ir 

cornbina t iion wi th othe r split p ro te in nroducts whcih 

rende r them fo reigh to th e blo od . They offer this 

theory as an exp lanat ion of albuminuria. It 

has not been substan tia ted by any oth er vi orkers . 

~iddowson (61) presents contradictory evidence. 

In her 1,o rk, the cilbumins anci 6lo bulins from t be urine 

an a serum of neph r itic 9u. tients, a neph rotic f& t ient, 

an.d n ormal human serum \~ere separated by fractional 

p recip itat ion with ammoniur.'.l sulfate . The s e pa r a ted 

albumin and glooulin were analyz e d by a mi cro-modification 

of th e Van Slyke nitrogen di stri l'.)u tion method . 

Jreas urernents of o-ot ical rota tion and racemi:zation, 

osmotic nressure and sn e cific refra ction of the 

proteins was a lso P1ad e. The r e~ults ind icated that 

the prote i ns isolated from the ur ine of natients 
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suffering fron ne-p hritis or n e"')hrosis are iden tical 

,vit h co ·-- r es ··1ondin e; serum -::i rot e ins and t here i s no 

evidenc e of any alteration in the cher·1 ical or ,)hys ical 

nature of the n rot eins du r ing t r-- e ir passage throur.;h 

the ki dney . ? roteins isolated fro~ the urine ar.d serum 

of pbtients suffering from nephr itis are i aent ical in 

ch em ica l and p hysic&l structure ,iith ·tbose of n ori:1ctl 

h wnan serum. owever, the ur i ne ana serum Jl.llr ote ·i=n s 

of the pat ient with nep hrosis exh i b ited a ~l i 6ht d ifferen ce 

in chemica l structure from the normal. 'l'he p ercentage 

of arrJM on ia n itrogen in the case of albumin is tnn 

per c ent lo we r than no r ma l or n ephr itic serum or urine. 

The ar.JrrJ onia ni tro f;e 11 for o;looulin is ab out t wo ~er cent 

higher than n ormal. The ba sic n itr o~en was two per­

cent h i c,;h Pr for a l bumin and two ne-r c ent lower for 

e;lobulin. Rac emization curve s , osmot ic p re c:isnr e , 

an d su ecific refract i on were i dentic al v, ith the normal, 

however. ./iddov1son concluded that it is p robable in 

nephros is that there i s some a lterat i on in the arran ge­

ment of the am i n o ac ids in the se r um and urinar y protein s, 

' but th i a d i ffe rence is n ot detec t abl e by a measur e-

men t of optica.l rotations. 

B . GVJ.\H TI TA TI\I b JJTu.: 'Y.t-IODS:..-U s e of q uan ti tat iv e 

methods in the study of p lasma anci urinary p ro te ins 
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in nenhrosis has 1>egun or ly recen tly. 

Goettsch and Re ev es (25) recen tly developed 

antisera in r a-'Jb i ts '.1ith each fr a ct ion :6rom -o oo led 

human sera . The f r ac ti ons vie re sepa rc.tted by Howets 

me thod or by the pr ecip itin method • 

The f irst pat ient wa s a twenty mon th ol d v1h ite 

girl i n her initia l attack of ederra . The sernm , urine , 

ana eaerna f luia 'viere c.Lrmlyzed oy the precipita.n uetl1 od, 

ana it wus appc1.rent at once from t he s iw. 11 &rno~t of 

p r ote in thrown d own tbat neither the albumin nor t he 

globulin wa s re a ctin g with a ntise r um as completely as 

nornal ser1rr1 nroteins react . The estimated am ount of 

alb11min wRs onl:v thirteen ner cent of t he v a lue ob­

tained by Rowe ' s method, and t; he value for r1;lob11lin 

was annroximate l y one half that obtained on s ;::i ltin~ 

out the nr o teins . ~ second sanp le yielded simila r 

res 11l ts . It wus then de ci ded that t he nresence of 

cholester ol n i ght have changed the results • .Lhe 

serum was cleared vi ith e h tylene chloride, an d th e 

results were t he s· ,me a s before . It w;:rn further 

dete r mined t h ", t addition of nephrotic ser um to normal 

serum caus ed no interference with the pr edicted 

p recipitation of no r mal p ro te ins. 

Followi n g a iuresis and the d isapp earance of the 
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ed ema , the globulin fraction r an idly regained its 

ability to "'l recipi tat e the antiserum completely . 

The a l l-nmin fraction rec ove r ed its normal serolo ~ica1 

resn on s e More slo1<vly over a p eriod of several months-­

long af t e r the putient had been d ischa r ged from the 

hospital . ~ransfusions had lit t le or r o effPtt on 

the dete r rn in tions by the :precipitin method, p rovided 

the serum f or analysis was 1i1 i thd rawn severc.. l days 

foll OJW in g the t ran sfus ion. 

• .:L.. milo. r f1nain 6 s we re maa e on several other pa tients 

With neph rosis--all s nowed the same phenomenon of 

inc Jtn-o lete p recipitation ii; ith spt: cific antisera . 

In two nat ients du r i n g conv _lesc en ce, a return to 

nor~al reacti on was noted . A t otal of ei ght pat i ent s 

we "' e studied . In natients with a c 11te nephritis t he s e 

ch anges d id not occur. 

Since "b oth arit i gens used t o nrenare the antisera 

are comn os ed of var ious subfractions 7 h ich a re ant i­

c en i cal l y dist i nc t, and wh ich va r y in the ir ab ility 

to ev oke &nt i oody forID:l.t ion, it wa s expect ed that 

e s t i ma t i on by th e pre c i pi tin me th o d w ou 1 d fa i l where 

wide dev i at ion / rom the nor mal distribution of th ese 

su bf r ac ti on s occur. J~ comparison of the urn,. l ys is of 

ser um from a pat ient 1ivho had r el overea fr om nephrit is 
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and from a patient in the edematous stage revealed 

nractica~ ly the same subf ractions in each, yet one 

urecinitated c omn letely, while the other 3~10wed 

a lar ge deficit. 

An antiser•m1 was then nre-pared in a rab b it against 

nephrot ic glo bulin. Alb11min was not obta ined in 

sufficient quantities for the e xp e r i□ent. Th e globulin 

could then b e co~rectly estinated ~y t he nrecinitin 

method, although th e usual deficits occured when 

n orma l an tiserum was used. 

In urinary analysis ;,J i th the precipi tin method 

and norrnc:l.l c....ntiserurn , it showed a cuns1sently larger 

fraction of the urinar; prote ins than of the Ihrum 

proteins. it is thus su~gested t hat protein excreted 

in the urine is not t hat which shows serological 

chan ge s, as might be expected. 

The exoeriMental method s of Goettsch and ... eeves 

s eem s sound, e nd their fin<H ngs merit car e ful 

a ttention. 

In 194?, VcCarty (411 renorted finding a protein 

not n orma lly -,,resent in +he ~1l oo d, hu t VJhich is present 

du.rin g acute infecti ,ns . It v11as found to b e not specific 

for any one d isease. He found this p rotein to 

precipitate sel e c ,, ively with the C pol ysa ccha ride of 
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~n eunoccuccus, but it is as I sa i d before, n ot snecific 

for pneumonia. He p rofessed L O kn owled ge of its s ource 

or function, b ut suggested that it may be related to 

the host reaction to i n fection. He has not isola ted 

tbe protein in nephrosis, but he suspects its p resence 

in many diseases. It is therefore, only of academic 

interest in the present d iscussion. 

In view of the fact tttle experimental work in t his 

phase of the study of proteins has been limit€d, it 

is d iffic 11lt to evaluate the importance of the findings. 

CHARAr.TERIZA'T'lQtT O-W r;,ITT SERTPJr P"ROTEINS I N THE NEPHROTIC 

STITDR01UE BY AJITNO ArID COI\fTENT 

Ve ry 1 it tle can lJe f ound in the 1 i tera tu.re 

c on cernin g path olo g ica l chan ges in t he amino acid 

cont en t of the plasma proteins, &nd the f i nd in gs 

can be review e d briefly. 

In 1 932 , Tuchmann a nd Sobatka ( ~1J suggested th a t 

all cases of hypoproteinemia showed a cha nge in the 

nature of the p lasmc1. p roteins. They found that the 

serum a l bumin contained more tyrosine , than normal, 

and that the serum globulin contains le ss tyrosine 

than normal. 1; 0 quan ti ta tive dete;nminations were 

de scTi "bed. 
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")eter s ( ii9:l) suisge st s that in the re synthesis of serum 

aloumin the a l h 1 lm in may wait upon the othe r proteins 

to be reformed. If the ~ra ins are serious the b ody 

therefore turns out i mcomplete or inadequa te alburiin. 

According to Peters, t h is inadequacy is possible a 

lack of cystine--Wh ich i s not detected in precipitation 

tec hn i1 ues, and does not a lter the p ro½erties of the al-

bumin. 

iJ id dows on &l so suggests tha t the re may be a change 

in the amino acid content of the plasma proteins, 

based upon her f indin gs of the cha n ge s in nitrogen 

content of albumin and globulin, which ha v e been 

previouslw described. 

The importance of t his type of work may be increased 

when more is knovm a b ou t the rea l function of the 

various am i n o aci ds in the h ·~an b ody. 

A~ to t he behav ior of pa th olo gical sera in the 

1 TLTRACENTRI FUGE , it may be mentioned tha t HcFarlane (4-C:2} ) 

found the serum normal in every respec t when he 

studi ed on:e t nepbr@diic pa,t?i.er.1t. In another he sh owed 

a hi gh globulin fraction and a lo\1 a!bumli1'i fractiorl' tt 

Hore recent -w ork, as described by ~ohn tllJ) shows U1at 

re sults from ultracentrifu ge can b e correlated directly 
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with those of elect , ophoresis, which are to be 

de scribed in detail later. 

ELECTROPHORETIC S7J1)IJ~S OF NEPJ-HW 'T'J: C SERA 

If an external electric ~ield of ~orce is apnlied 

to •.) r otein molecule s d L; s olved in a suitable solvent , 

it is found that in a c id uolution s , nrot;ein s Move in 

one direction, and in alkaline solutions, in th e 

opposite di rection. The significance of the ph enomenon 

was recognized toward t he end of t h e last century by 

the late Sir \lilliam Ha rd y. It remained for Tiselius (60) 

to des i gn the moaern electrophoretic apparatus used 

in toa1:.y 1 2 st_µaies. 

Under a g i v en field streng th, the speed and 

direct ion of the movement of a protein will b e determined 

by the pH, concentration and nature of the salts, and 

the viscositv of the solvent. 'l\rv o or r.iore di fferent 

protein molecular species in the same solvent will 

usually move with different velocities. fhis makes 

it uos s i ble t o use these v ebocities as a means of 

d i st in guishin g p rotei n rno lec11les differing in k ind; 

the velocity in a un it el ectric f ield is defined as 

the e lectrophoretic mobility. Longsworth(~~) , in 

bis descrintion of Teselius ' moving boundary cell, 
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s tates thc..t it iis ideal for the :patterns for the two 

sides of the ch <-mne l to -oe mirror images of ea. ch other. 

rhe actual :patterns only app roach thi s ideal as the 

protein concentrat ion is decreased. However, at such 

low concentrations, the a reas nnder the neaks a re not 

of su(fficient magnitude to oe determined n. ccurately. 

The Schleiren pat tern for normal h 11man p lasma is 

seen below (Taken from Cohn, Onclay, et al (1?)) 

In th is 
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manner; it is se en that analysis of p lasma 

as yielded at l east s i x electrophoretic components. 

'I'h e fastest moving comnonent in neutral or alkaline 

pH r anges is albumin. Fr om the rela tive a rea of the 

peak ,~h ich moves with this velocity, albumin is found 

to constitute about f ifty-five per cent of the total 

plasma pro t e i n . nex t i n or der o.f decreas in ~ velocity 

, nmes the a l :pha- glo oulin s, wh ich unde r certain conditions 

43 



divide into two separa t e components, designc.1.t e d as 

alpha1 and alpha 2J Hoving more slowly than these c.1.re 

the beta.-glooulins, li ~ewise sometimes sepa.r~ted into 

two components, beta1and be~a 2 • fhe total alpha- and 

beta-globulins,comprise , about thirteeD - ana fourteen 

per cent, respectively, of the total plasma proteins, 

as indicated by the areas of the separated peaks . 

Still more slowly moving is fibrinogen, which represents 

annroximately seven ner cent of the ~lasma proteins. 

Slowest of all are the gnmnia- elobulins, estimated as 

repr e senting eleven n er cent of the plasma proteins. 

The electrophoretic components into which the 

eselius a0par cdus resolves the p lasma n roteins do n ot 

necessarily rep resent homogeneous molecular s-p e cies, 

either with respect to s ize, shape, charge distribution, 

solubility characteristics, or p hysiolo ~ ical functions. 

The g reat ad vanta~e of the app~ratus li e s in its sp eed 

an o simplicity of operation ct nd in th1::: reproducibility 

of the results. Teselius l60) believed that this 

me tl oa allows study of the proteins i n states most 

nea rly a -), roachin g th e physiological . 

P roteins of interrelated -" •1nc t ion8 do not always 

po ssess comparable chen ical nroperties an d a re thus 

n ot a l wa ys ::'ound in the same ""r a ction. 'l'he products 
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of ulasma frac-+;ionat ion must a lso be considered, 

therefore, ±' ..... orri the n oint of view of nhysiological 

function and clinical use • • According to Cohn, the 

lar ges t ca te gor ies a re (1) the cil1mmins, (::!) the 

imrrnne globulins, (3) the iso-hemaGglu t in in s, (4) tbe 

hormones, enzymes, and r e l d ted s u bstanc es, c:1nd (5) the 

n rot eins concerned \, i th the clotting of the blood. 

In electrophoretic studies the proteins a re t i vided 

into fractions ac cordin g to their increa~ing 

uoti1ity in ~n electric fie ld, ea ch possesJing a 

s pecific f ,notion or functions coi.r.e cted \~ ith chernrucally 

d iscrete prote in mol ecul es . 

'!'he clotting of the b looa deuends upon fi1ninogen , 

separ 01te rl in 3'ra ('t ion I, nlus thrombin and prothrm!lbin , 

b o th s e1Ja r a t ed in F ract ion ! II. 

The iP1riune ~lo b 11lin s a re a lso -f' ound in Fraction TI 

and F r act ion III. These antibodies ar e lar ge ly con­

cent r ated i n ~raction II, Whic~ corts i sts in recjnt 

p r eparat ion s of over ninety-ei.ght ne r c ent gamma­

g lo bulin. Ebe principal i 11puriti es consist of sma.11 

amounts of be ta- globulin and albumin, of cholest erol 

and uhos1Jholip id. '..2he isohemagglu t inins a r e als o 

sep~ rat ed quan titatively in Eractions II and III, and 

a re further concentr ated in £raction Ill. £hese 
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includ e lJo th a n ti-1. c.,;.nd hr. t i-:J isolliena::,;glutinir:.s, 

and tlle a n ti-Rh globulin. 

~nzymes and hormones are found in the several 

fractions, and for obvious re&sons do not present 

constant findings. 

i't11:: lipo-proteins are largely concentrc.tea in 

fractior.s lll and lV c::1.na appear to -o e asQOCi& ted vvi th 

alpha- i:..nd beta-globulins. The lipid material seens 

to ".le cholnsterol, carotene, and :pl1ospholipid. 

The r1 r -urriin is concentrated in the largest fraction, V. 

The cormonen t annea rs to 'Je hor1 o~enous in the electro­

nhoretic a Y) narat 1Js at nelltral or sli~htly al1raline 

re uc ti "ns. 

On e of the ~ ~st ~romisin g nroblen s in the field 

of elctrouhoretic analysis of ~atholo qical states is 

tlrnt of renal disease. The firs 1: observation of the 

hiGhly atypical serum pattern in nen hrosis w~ s made 

by Longs·,,orth, ub e dlovsky, and r ,, cinnes (40). Tbeir 

a iagraw showed an extremely lo\v albumin peak and an 

electro_plloretic component migrating \1ith tbe velocity 

of alpha.- 6lobulin a.no ha.ving a concentrc..tio:n cowpara.fmle 

to the aluumin in norLlal serum. The beta-ilobulin 

conp onen t v.i a s also markedly elevc....ted • .Jtuaies of the 

urine of nenhrotic ~atients wa s also made by these 
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\1 orkers. It was found that the urine of such 

~atients gave an electro"horetic "attern closely 

resembling that of norf'1al serum and in striking contrast 

to th e h i i:sh l y Pbnor ma l d i agram of the serum of the sane 

patien ts. 3chlieren patterns of their results &re 

seen below. 
q 

I 

\.\ " , "' a 

D1t ~~ h ~h,., 
,:..,;._.._'bi. ......... 1>R 

sa 1~ ll"" 

J.'hese observations v1ould seen to dis-prove the 

c '.Jmmon Y'Ot ion that -~he urinary nrotein in neuhrosis 

r-ssentially renrPsents a l buM in, and i.t nlso indicates 

that ";he excret i on o-f' 11.rinsry "rote i n by the k idney 

is a h i gh l y se l ective nrocess , r athe~ than a sin,le 

f i 1 t r a ti on. 

I t has often "be en s·1rrnested th&---. .,,a rt of the 

pcttholo~ica l var iation in the serum nroteins in the 

neprirot ic syndrome could be exnlained on the bas is 

e f malnutrition due t o po or foo d intake. Zelais and 
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~\"lling (68) investip;ated "rJy electronho esis +,he pattern 

of nlasri& 'Jrot.ein regenerAtion ·which occurred in dogs 

that have been ac11tely cle--.,leted of their ulasna nrotein 

'-' ithin a few ninntes--fllassive h leeding follovied with 

simultaneous return of Washed red cells. They found 

tl 1at in acc.l.te uep leti on the ~issue :protein reserves 

support tne regener~tion of all electrophoretic 

f r ctc ti on s of the -plasma. The alpha c:.1 nd be ta-globulin 

p eak appear relatively and a·osolutely incre&see in 

the early no rtion of the recovery pe rioa. ihey ~elieved 

tnat these co111pone11ts i.;ere uerivea from tissue reserves 

ana ra.p id resysthesis from dietary p roteins. Return 

of normal al·bumin values is found to proceed at a 

very slow rate even in the nresence of adeauate protein 

intake. Art essential similarity between dog and h •~an 

re s•ll ts was noted. In the first twenty-four hours 

a~nreciahle quantities of all electronhoretic components 

enter the circulating blood stream, even without food. 

Fowever, t.he relative proDortions o:' the electronhoretic 

coinporier.ts r_:ay r) e disturbed ""'rorri nornal for as lon11; as 

two to three we~ks after total nrotein has returned 

to nor111al. 

These studies suggest that the low albumin peaks 

found in the nephrotic syndrome are not due entirely 
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to protein loss in the urine, but that some derangement 

of body metabolism is involved. 

Great interest has been shown recently in the 

effects of the lipi.cre on the blood p roteins--in lipo­

protein C<Olllbinations, and their effect u pon the 

Schleiren patterns. In 1932, Bennhold (6) concluded 

that the choles terol of the ser•1m ts boun.d not to the 

albumtm, but to the globulin. He remarks, however, 

that on the posi ti'1>e side often a non-colo re d globul.in 

zone appeared that did not contain cholesterol. 

In 1935, Mellander (43), usipg Theorell's apparatus, 

concluded that the cholesterol, if atlal l bound to 

proteins, probably is bound to sub-fractions of albumin 

and globulin. 

Bruger (15) made a study of free and ester cholesterol 

in rel.ation to the protein content of pathological 

body fluids, in which he found the cholesterol more 

or less -parallels the protet'n concentration of both 

transudates and exudatea. He further concluded· that 

the total cholesterol in nathological effusions bears 

no direct relation t6 the total cholesterol content 

in p lasma. The concentration of cholesterol in 

effusates may app roach, but rarely exceeds th�t of 

plasma. Furthermore, the relation of free to ester 

49 



cholesterol is ifonstant at times, an u varies &t 

other times . 

Blix (10) performed extraction of lipids of the 

plasma with acetorue and dry ether and removed them by 

centrifuging, The serum ch Jlesterol was completely 

removed, out t wenty-five per cent of the phosnholi-pios 

wa s n ot extracted (lecithin was extra cted, cephalin left ~. 

The electrophoretic anparatus of Tiselius wa s employed 

in 3lix 's further analysis. In lipid free sera the 

beta-glo bulir. appeared clear, and be concluded tha t the 

opalescence of this comp on en t v1as due to lipid. 

The only difference in the normal and linid free 

serum was that no a lpha-globulin ap::--i eared at pH 6 .1-?. 4. 

At pH 8.0 the alpha- globulin boundary became v isible, 

but leas so than normal ly. :lhether this change wus aue 

to c1.bsence of lipids or ~n incipient den&turation 

of the protein cannot be as certa ined. He preferred 

to think tha t c:1.n incipient denaturation oc cured v; ith 

the 0 oundaries of alpha-globulin submerged in the 

bands of albumi n or beta-globulin. 

~lix regards the lipids of the alpha and gRmma 

globulins as nerm.anent elements in these proteins and 

suggests that oeta- glo lmlin handlPs li-pi d s in a fat 

Lt_ransportation f unction. In marked lipemic conditions 
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the turbidity appears between the alpha and beta boundaries, 

suggesting that the albumin and alpha-globulin can 

perform auxillary fat transport. Blix made the last 

conclusion after he s.tudied the pattern resu lting 

from the addition of mastic and cholesterol to lipid 
t;i) free serum. ·Here then, is another possible explanation 

of the ap1)arant increases in the globulin fractions, 

particularly the beta-globulin, in nephrotic sera. It 

Will be remembered that many workers consider lipoid 

nephrosis to be primarily a disorder of fat metabolism. 

Zeldis, Alling, McCoord, and Kulka (6�) made 

similar studies. They concluded that a particularly 

rich content of li�id materials characterizes human 

beta-globulin. Abnormally large beta-globulin peakea 

occur regularly in the presence of elevated plasma 

lipids. :Marked increases in the areas of other globulin 

conrponen ts, particularly gamma-globulin, are also found 

to be due in large part to elevated plasma lipid levels 

in certain abnormal human p�asmas. 

Zeldis, et al, describe one case of a sixty-three 

wear old white :'<�oma.n vJi th nephrosis. =lectrophoretic 

analysis of the native sample of serum showed a low 

a.1.bumin and marked1y elevated globulin peak. �xtraction 

of the lipid resulted in a striking decrease in the area 



g:f the beta cor,iponen t and less er changes in other 

components: 
To.ta1L. Alb. alnha beta 

Native Plasma 31.2 6.5 8.? 11.3 

Extracted plasma 36.3 5.? ?.3 2.5 

(Figures are electrophoretic areas given in 
planimeter unitsJ 

Stern and Reiner (59) in a recent sur�ey of the 

importance of electrophoresis in medicine concluee 

gannna 

1.4 

1.6 

that the protein spectrum in piasma and serum is the 

resul.tant of a. hoot of factors concerned v,itll the forrnaion, 

the interactions, ana th� destruction of the inaiviaual 

compomnilts. '1'bey believe that the blood, ·while often 

considered a tissue in itself, is perhaps more dependent 

on the physiological state of the organism as a whole 

than is any other tissue, and it is therefore 

rational to suppose that there exists a close correspondence 

between the blood, the protein system, and the 

physiologic�l state of the individual as a whole, 

rather than to a given pathological condition. 
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SU' ~MARY AHD CONCLUSIONS 

fhe nature of the plasma proteins in the nephrotic 

syndr ome has been t he subject of a lar ge amount 0f 

invest i ,;a'tion , experimenta tion, and specula tion during 

the past century. The findin gs, ,,hile not c on clusive, 

have nrovided defi~iie stepp in ~ st ones tow a rd a better 

1mderst andin g of this littl e understo od disease process, 

and pe rhaus of disease in general. 

3ince the time of Richard ~ ri ght the role of the 

se rum proteins in relation to the albuminuria and 

edema in 3 ri ght's d isease has be en recognized, and 

the i deas a.no tl1eories which have be en advanced are 

numerous . Sin ce the most s triking clinicalcha racteristic 

of the ne_)hrotic syndrome i s a genera lized ede ma , with 

a low p rotein content of the edema fluid, this factor 

has excited J.1:i rticular curiosity. Bright believed 

tha t a nhydr emic" condition of the blood plasma 

made it more eas ily filtrable into the tissue spaces. 

Senator introd uced the idea th a t generalized capillary 

daJ11age due to toxic a gents, :resultin g in increased 

pe rmeability was the ea use of the edema. Starling 's 

brilliant wor k resulted in tbe theory th a t the escape 

of flu id f r om tbe vascular system into the tissues 

was due t o chan ges in the colloid osnotic pres~ure 
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rof the blood. 

Other ideas incluae d the theory that an incre ase 

in vascu lar pressure existed oue to insufficient 

elimination of water by the kidneys, allowing for the 

release of fluid into the tissues, that the production 

of edema is related to snlt intake, that colloid chemical 

changes in the tissues increased their swelling capacity, 

that the re is a change in the ability of the oody fluids 

and tissues to hold water in· relation to the l ipoid s, 

and that edema formation was due to cent�al nervous 

system control of water balance. 

Today it is generally accepted that a multiplicity 

of facto rs account for the presence of edema, a fact 

whtch is evident when a survey is made of the ma�y 

therapeutic measures which have failed, or p·r ovided 

only temporary relief because they served to alleviate 

only one of the possiole causes. 

Mother factor which aas led to confusion in the 

study of the nephrotic syndrome as related to :Bright rs 

disease has been the controversy about the existence 

of rt�phnotic glomerular nephritis and nephrosis as 

separate clinical entities. Nephrotic glomerular 

nephritis is usually defined as marked by the presence 

of ederra, weakness, dyspnea on exertion, hypertension, 
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albuminuri a ar_d casts, ,J ith no I!larked impairment of 

rena l funct ion. The b lo od changes cons i s t of a 

hi gh b lo od cholesterol, lowe red serum a l bum i n , and a 

rev e r sal of th e ordina r y a l btlm i n - globul in r at io., 

Tbe course is descri .be d as chronic, with rem isb iops 

and exace:r ba.t ion s , ,1ith renal fun ction be coming pro gress­

ively poo rer. The pa th olo gy consists p rimarily of 

gl ome r ul ar dal1lc;g~, p res umably due to inflamma tar y 

change, wh ich results in hyaliniza tion o f the glomeruli, 

with sec~ndary de~ene r at i on of the renal tubules. 

lJ e9hrosis, to th ose who bel i ev e it exists, d iffers 

from nenhrotic ~lomerula r weph r i tis in that th ere is 

no ber1aturia, n o elev:.:i ted h lood pres sure , a nd a lthru gh 

the c isease is chronic, recovery can be expe cted. 

Patholo gically the corn, ition i s essent i ally a tnh ular 

lesio1- , and the glo meruli a.re no t affec ted. Opnonents 

of the con cept of li po i d neph r osi s beli eve tha t 

glomer ular and tubula T dama g e a r e relative, and that 

if prope r techniques are used, ~lomerular oamage can 

a l ways be oemonstra teu in nephrosis . Cases v1h icb fulf ill 

a ll the criteria f or lipoia nepb rosis a re rarely fQund. 

Howeve r the existence of the ci isease cann ot b e p ositively 

denied. 

In surveying the me th oC!ls. s wh ich have 1)e en used in 
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the study of the ser ·1m prote ins, it is probably best 

to oegin ~, i th the effect of the osr1 otic press ure of 

blood colloids.and of the bloo d v o lume upon the edema 
. 

of the nep hrotic syndrome. As well as sheddi~ g a g reat 

deal of li gh ~ up on t he mechanism of edema, these studies 

have also supplied eviaence of &.bnorrnalities in charb.cter 

ana relt .. tionship of the iierum albumins c.1.nd g lo bulins 

in n ep hr o sis • 

In s ummar y it may b e said that ch a n ge s in p lasma . 

volume probably have lit t le relationship t o ed ema, 

althou rrh Von Jaksch , claimed a dilutt~n ~ of the blood 

in kidney disease and Darrow declared that there i~ 

a tendency to r lood concentration during the edematous 

stages of nenhritis . Other workers h ave been able to 

discover ~ o importan t cha n ges in b lo od volume in the 

nephr ot i c s~md rome. imple diluti~n is an unli~ely 

f ac tor since the tendency tovvard a d ecrea s e in serum 

a l bumin is found in conjunction wi t h b oth relative 

a n d absolute increases in t he other pr oteins. 

The p rotein osmotic pressure of the serum of 

nephrotic patients has been founa b y all \vorkers to be 

consistently low. ~indings for the os motic p ressure 

in norm1l subjects have varied in the region of t .. ,enty­

f-ive to thirty-five mm . of mercury. ~·ind ings in 
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neph rotic U:J tients have va ried from about ten to 

twenty-two mm . Hg. Edena fr ee patients have been f ov nd 

,, ith se r urYJ prote i n osmot ic n re .Jsures far be low the accepted 

n or1nal, and in some pL. tien ts ede na has be en nresent 

when the total :p roteins ,.i ere within t he norma l ran ge 

and tbe protein oncotic pressure lik ewise q~ite higb . 

Th ese cases, hoviever, are the exception, but intere sting 

in tbat they suggest th~t oth e r f a ctors are present 

in proaucing the tendency towa ra edema. I t is generally 

accepted t ha t t h is fall in p ressure is due to a 

diminution in the serum proteins, chiefly of the 

albumin. One ~ram of albumin c on tR ins r".lany more mole­

cules than on e gram of glob ulin s ince the molecular 

wei ght of the f'ormer is much less. Hore over it has 

been suggested that since the isoelectric p oint of the 

a l b'un i ns i s at a lower pH than that of the globulins, 

they a re consequent ly more hi ghly d issocia te d a t the 

normal pH of the b lood. In a dditiorj., the albumins 

compr ise a grea ter percenta 5e of' the total p rotein 

than the other factors. Therefore, in the nephrotic 

patient, \1 i t h extensive lo s s of albumin in the urine, 

or a l'oum in deficit aue t0; other causes, it is justifiable 

to believe that the above ment ioned factors are im­

p ortan t in the lowe rin g of the colloid osmotic pressure 
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and th e p roduction of edema. However , othe r theories 

have b e en advanced to supplement the explanation just 

udvanced. Gov a erts believed that the fall in press ure 

is due t o the specific na tur e of the p roteins in 

nephrosis, a n d thHt i n equa l concentra tions they 

give lower pressures . I t has been suggest ed that an 

abundance of l' i b:tinogen in nephr otic ser um may account 

for the low p ressures, while other workers attribute 

the same effect to the reve rsed albumin- glo bulin ratio 

in which there is a real and relative increase in 

glo bulins. Increased amounts of lecithin and cholesterol 

in the serum perhaps tends tQ lower the osmoti c pressure, 

although this has not been p roven. 

Recent work i nd icates ths t alburi in plus the 

lipid free alnha - and be ta- globulins comprise about 

sixty-five per cent of the t ot a l serum prote in and 

exert about e i ghty- five pe r cent of the total osmotic 

pr e s sure. The 1 i po-proteins c omn rise a b out t wenty per 

cent of the tota l and exert seven percent of the 

tota l osmotic pressure . Th e gamma g lo 'Ulins and 

fibrinogen, comp risin g only fifteen pe r cent of the 

tota l, exert only six p e r cent of the total colloid 

osmoti .c pres sure. 
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Until recently, the great majority of studies 

of the nla s ma nroteins were based on fractionization 

of the nroteins by the various salting out methods. 

This technique, based unon the fact th a t a definite 

increment of salt is require c1 to nrecinitate each of 

various fractions of the plasma; does not assure us that 

we are c ealing VJ ith t he precii-Jita tion of individ 11al 

proteins in s tead of a phenomenon of the p eriodic 

precip itation of protein, which r e flects the activity 

of the salt. However, the findin gs r e sulting fr om 

this methoi ~ have cmrr~lated well with the res ults 

of othe r methods ana its soundness is accepted. 

Based upon the sulting out technique, the follow­

ing constituents of the plasma have been d e termined~ 

fibrino gen, euglobulin, pseudoglobulin, ana albumin. 

'l'h e groundwork for thi s type of study was laid by 

~pstein. In his investi gations of nenhrosis he n oted 

that there was gener a lly a i'"'!arked increase in the 

glob ulin fractions of nenhro t ic sera, although he 

made n o distin ction between nseudo ~lob ulin and euglobulin. 

He al s o n oted t hat there :,as a decrease in the albunin 

fraction. He concluded t ha t t he chan ges in the 

cornu osition of the blood were due to ,1ell de f ined 

infl uences actin g on t he b lood, but he c id n ot p-ostula te 
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\~hat these influences rn i ght be. 

Other wo r ke rs have confirmed the ~ork of ~pstein 

and made addit ional contributions. Howe discove red 

that the Most imuortant change in nephrosis is a 

reduction tn total nrotein , wh ich he a s cribed to hydremia 

and the toxic effect of re ta ined waste products. He 

a lso no ted an i n cyease in th e uercentage of ~lob1Qins 

in nenhrotic sera . Howe broueht f o .... th the idea t hat 

ps e 11doglo "bulin e :;r i s ted i n addition to eue;lobulin. 

It is to be noted t h1,t t he salting-out method , 

-,;h ile it isolated well - d efined f r actions of b"man sera , 

d id not shed rrnch li ght upon t h e p robable functions 

of these various fract i ons . The gener a l conclusion \tlcj_s 

that the neph rotic s ynd rome is not p rima rily a disease 

of the kianeys , anu that th e change s seen are the result 

of metabolic derangements. £or instance , it ~as suggested 

that the increase in gl obulins a na decrease in albumins 

represented c1 return to JJ ri initive protein for ma tion. 

I t has "b e en th e aim of severa l investi 1sa tors to 

disco-rer whether or not abnormal nroteins are present in 

the plasma an d sernft'l o-P '1a tien ts with t he neuh rotic 

syndrome . Re,nl ts ha -, e b een va ri able and hence 

inconclusive . Using non- quantitative methoas, ruller, 
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F.ewitt , and ·:7iddowson c on cluded that the urine and 

seruM of nep hrotic po.tients co n cu ins nroteins wh ich 

c:1 re i c entical in chemical and physica l ;:; tructure ,, ith 

those of ,10 n :ia l human ser ,m anci urine. However, 

And rew s, Tt1 omas and Welker believ ed that the proteins 

in the urine in nephritis are in c omb ina tion ~ith 

other s plit protein p rooucts .,hich renaer them foreigh 

to the oloo u , c..no. be11ce cause them to be excreted in the 

urine. 'D1ese f indin g s have never been duplicated 

be other ,.,orker s. 

By developing specific antisera to each fraction 

om' nogled hnman sera and then causin g the antisera to 

react ·:1 ith th e sernn and 1irire of nephrotic patients, 

Goettsch and Reeves found thst neither the albumin nor 

the p;lobuli n of the n enhrotic reacted with the ant i se rum 

as completely a ,;; norr-1al ser11m ·oroteins . The results 

were n ot chan ged by clearing the sera of chol e sterol. 

In instances 1-1 he r e a clinical re ·lt'lll'llll to norma l wa s 

noted, i t wa s f ound that tbe serolo gical Besponses of 

globulin returned to normal r a'ther quickly, v,hile -+; hat 

of ~lbumin returned slowl y, over a per iod• of severa l 

months. In add ition, an o.ntiserum was p repc:1red ag--c1.inst 

nephrotic serc:1., wbicl1 confirrned the results found 

•Jrev1ously . In analyzing urine by the same technique, 

61 



it was fonrid that a consistently l a r q;er -rraction 

of tt1e urinary n roteins \JaG -,1Tecinitated by riorl"lal 

antiser1r1 , sug15t:>sting th&t nrotein e:<:creted in the 

urine is ro t tbut 111hich sh ows serolosical ch 0 nges. 

It can be seen that these irrrmr_olo g icul 3tud ies 

have led to some interesting re su lts, mt further 

study is indic utea in order to establish the validity 

of tl1e findings. 

...... viaence tllat the serum proteins uf tbe nc.Pl:irotic 

are of a pathologic 1 nature h~s been ~athbred as & 

result of a fe\, ·otud ies of the amino arid content 

of ~~P SPrUM. Ghanges in tyrosine and cystine content 

have - een noted. 

1ith the deve lon~ent of elertronhotesis, new 

fields for tlle study of orr 0a l &nd nathological sera 

ha- e been onened. Th is rrnth od has resulted in a 

new tert1in ol Ot_sY in regard to the serum proteins, and 

consequently the findings are difficult no correlate 

'.Vi th olde::s ts tiildies. 

'.rbe comp _oneLts of the seru.u p roteins as 

separatea ~J electrophoretic w.alysis are (1) albumin 

(~) alpl1a c;lobulins (3) "beta glooulin~ (4) fibrino!:$en 
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afi~ (5) gamma globulin. The alpha &nd beta globulins 

seem to corresnond to the peeudoglo11ulins of the 

salting out r"lethods, while the ga mrna globulin can 

probab ly be compared to the euglobulin fraction. 

~lectrophoretic studies have also resulted in 

ratber definite c onclusions L. to 1-- the functions of 

the various fractions. The clotting of blood, as 

is gen era lly kn own, depends up on f i br ino geri. The 

Lrnm une globulins are l""r gel y cone en tra t ed in the 

1Sai,JI11a- 610-bul Ln J:rac ti on, '- nd i sohernag6lu tin ins 

seern also to be at least partially in this fraction. 

Enzymes and horn ones are distributed thnouc;hout the 

va ri: ous fractions. The 1 i:p ia of the serum se er;1 

to be largely associatea with the beta-globulins, 

al tho_ugh the alpha-globulins and albur:1in may also 
.r . • ..,. 

--~ 

as ,::, ist in fat transnort. The alpha rslolmlin components 

are increased in all d iseases acconuanied by fever 

a nd tL:,s ue destr uction. 

lenhrotic serum shows a cha r [: cteristic ....,chlieren 

pattern, with an extremely lovv al1, urn in peak and 

markedly el ev e: ted alpha- and be ta-g].obulin c ornp on-en ts. 

Th e gamma-globulin cor1po:sant is not greatly affected. 

1.t is generally accepted that a krge amount of 

albumin is lost in the urine in r, ephrosis. liowever, 
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Lonissviorth and ,. .. aci nnes have shown that the urine 

of nenhrotic patient s gives an electrophoretic 

pattern closely resemblin~ trat of norrrial serum, 

indicating that nrotein loss in the urine is not 

a siri..,.,le filtration defect, rnt selective secretion. 

There is also some indication that in patholo~icg l 

states in ~hich there is interference with normal 

protein resynthesis the product i on of albumin may 

la g behing that of the other serum proteins. In 

addition, albumin may serve a fat transportation 

function--of an auxiliary nature. lhis factor 

could ... )os sioly interfere with the area. of albumin 

as seen in the 0chl1eren pattern in nephrusis. 

Present knowledge indicates that the presence 

of abnormally large concen t rations of beta- globulin 

(and nossibly al-pha- and ganria globulins' is due 

to a lipo-protein complex--beta-globulin plus cholesterol, 

caroteEe, and uhosnnullpid. This, in view of the 

~arked lipemic condition of the serum which occurs 

in nephrosis, is a very lo gica l ex~ lanation of the 

large beta-globulin peak in neph rosis. 

Thus it is seen that during the relativ ely short 

perioc in ~hith electrophoresis has been used to 

study pathological sera, there has been developed 
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a-, reliable system of classification of the serum 

proteins, plus ~ome well founded ideas about the 

functions of the variious components in normal and 

pathological states. This •ethod has clarified 

many noints which were suggested by earlier riet h ods, 

and it is to be honed that the rio t ·too distant futw.re 

hol d s the ~nowled ge tha t will clear the mystery of 

3ri ght's disease • .fit the moment it seems clear that 

the changes in the serum proteins in nephrosis depend 

on many other factors thun these which depend directly 

upon changes in k idney function. It appears that a 

Widespread metabolic disturbance occurs, vlhich may 

be, at least in pa rt, a manisfestation of the -body 

reaction to chronic diseo.se, and whi ch may represent 

a specific reaction to the nephrotic state. 

l)--
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