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H PERJE, S !ON_; THE ROLE OF RENIN , ANGIOTENSIN AND ALD.OSTERONE 

Norma n M • !<a p I an 

The Mechanism of the Cont r o l of A~dostero ne Secretion 

A. The e ff ects of changes i n i nt1·avascu! ar v,o I J.tm~ 

peters, long before a'dosterone was identified , postulated t hat changes in effective circu
lating blood vo lume st imul ated vol ume receptor~; which might contr·o! the production of a 
salt-reta ini ng hormone. 

I • Peters, J. P.: The pr ob I em of card iac edema. .Am. • Med . ! 2 ~ 66, 1952. 

After a I dosterone was recog nized es t he important sal t-·1-eta in i ng hormone , the pr ime ro I e of 
a decrease in vascu lar vo!ume as a stimu lus for a ldosterone secretion was shown by Bartter, 
et a I. 

2. Liddle, G. W., Duncan , L. E., Jr. and Bartter, F . C.: Dual mec han ism regulating 
ad r enocort ica l funct ion i n ma n. Am. J . Med . 21:380, 1956. 

3. Bartter , F . C., Mi lis, I. H., Bigl ier i , E . G. and De lea, C. S.: Stud ies on the 
control and phys iologic act ion of a ldosterone. Rec. Prog . Horm. Res. 15 :31 I, 1959. 

B. The site of t he volume rece»tor 

Receptors somewhere with in the head or neck have been consi dered. One was s uggested by 
Bartter : 

4. Bartte,r , F. C., Mi l ls , I . H., and Gann, D. S,: Increase in aldosterone secretion by 
carotid artery const t· iction i th~ dog and its prevention by thyrocarot id arterial 
j uncti on denervation. J . Cl in. Invest. 39: 1330, 1960. 

The baroreceptor r esponsive to changes in vascular vo l ume in the dog was 
sa id t o be in the thyrocarotid artery. 

5. Carpenter, C. C. J., Davis , J. 0 . and Ayers, C. R.: Concern ing the role of arterial 
baroreceptors in tha control of aldost erone secretion. . Cl in. Invest. 40 : 1160, 
1961 • 

Conc lusive evidence that central ar·terial bar orece ptors ( incl ud ing the thyra
carotid) are not involved in the phys io log ic cont r ol of al doster one secretion. 

Various other poss ibl e receptors have bee n p~o posed, inc luding the carot id sinus , aort ic 
arch (Ba r ger) and r ight atr i um (Farrel 1). 

C. The role of a hormonal stimulus (not ACTH } to aldosterone secret ion and t he abs ence of 
a direct neural control 

While the search f or the vo lume receptor conti nued , the mode of stimulati on of aldoster one 
secretion was being studied~ 

6. Yankopou los , N. A., Davis, J . 0., Ki lman, B. and Peterson, R. E.: Ev idence that a 
humora l agent si :mula:-es the adrenal codex to secrete aldosterone in experimental 
seconda r y hyper a I dosleron i sm. J . C I in. Invest. 38 ~ 1278, 1959 . 

7. Carpenter , C. C. J ., Davis , J. 0., Ho lman, J. E., Ayers , C. R. and Bahn, R. C. 
Stud ies on the r esponse of the trans pla nted kidney and the transplanted adrenal 
gland to thoracic in fer ior vena cava l co nstrict ion. J . Cl i n. Invest. 40:196, 1961. 
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Denton, D. A. , God i ng , J . R. and Wr ight, R. D.: Co ntrol of ad r enal secret ion of 
electro lyt e-act ive stero ids. Bri t. Med. J. 2:447 and 522, 1959 . 

possibi I ity of an intracran ial source (t he pi nea l, no less of th is stimulus was proposed 
fh~ repeated ly em phasi zed by Fa r r e l I. The hor mone was named Adrenog lomeru! otropi n, but its 
anture remains unknown and its phys i o I og i c importance r emai ns quest i onab I e. 
~ 

9. Farrell, G.: Adrenog lomeru lot opin . Ci rculation 2!:i 009, 1960 . 

1o. Davis, J. 0., Anderson, ~., Carpenter, C. C. j, , Aye r s, C. R. , Haymaker , W. and 
Spence, W. T.: Aldosterone and cort icoste rone secretion fol lowing mid-bra in transec
tion . Am . J . Physi o!. 200:437, 196 1 . 

O· The ro I e of the J-G ce I l s 

1 
~pendent of t he s earch for t he sti mu lus to aldosterone secret ion, the relat ion of the J-G 

c~I IS to e I ectro I yt e, hormona l a nd b I ood pressure a! terat 1 ons was be ing studied. The i mpor-· 
tance of the J-G ce II s was f irst suggested i n 1939 by Goormaght i gh who thought they were 
53

cretory i n natu r e and contained r e ni n. 

11. Goormaght ig h, N.: Existe nce of an endocr ine gl a nd · i n t he media of the renal arterioles. 
Proc. Soc. Exp. Bio i . Med. 42:688, 1939 . 

ms suggestion has bee n amply conf ir med : 

12. Hartroft, W. S. and Hartroft, P. M.: New appr·oaches i n the study of cardiovascular 
disease : Aldos te rone , r enin, hype r te nsion and juxt aglomeru lar eel !s. Fed. Proc. 20: 
845) ~ 961 . 

·e evidence that r enin comes from the J~ eel Is: 

' 

13. Tobian, L ., Janecek, J . and Tombou! ian , A.: Correlation betwee n gra nu lation of 
juxtaglomerular ee l ls1 and extractab le r enin in rat s wi th exper imental hype rtension. 
Proc. Soc. Exp. Bio i. Med. 100:94 , 1959. 

These studies corre lat ed J-G gr an ular i t y with renin content . 

14. Cook, W. F . a nd Picker i ng, G. W.~ Locat ion o'f ren i n within kid ney. J. Physiol. 
I 43 : 78 , I 9 58 . 

Mi crodissect ion stud ies show ing that r enin is found only in the area occupied 
by the J-G ee l Is . (S imi lar studies were done by Bi ng. Acta. path. et 
micr obi al. Sca nd i nav. 44 :138, 1958. ) 

IS, Edelman, R. ancl Hartroft, P.M . : Local izat ion of ren i n i n j uxtaglomerular ce l ls of 
rabbit and dog th~ou g h the use of f! ourescent-ant ibody tech nique. Circulation Res. 
9: I 069 ~ 196 1 , 

~mechan i sm by whic h renin-angiote ns in cont rol .::1ldosterone secretion 

'en · ~ befor e a ldos t e rone was known to come from the zona g lomer ulosa , r enin was found to 
· ~a selective enlar geme nt of t his zo ne. 

16 Deane, H. W. a nd Ma sson , G. M. C.: 
types of experimental hypertension. 

' 

Adrena l cor tica l cha nges in rats with va r ious 
J. C I i n . E ndocr i no I • I i : 193, 1951 • 

~· 

\1 ~ n has long been know n to be the enzyme r·es pons i b!e for the release of a ngiotensin f r·om a 
I~ . 

~ ~'Su bstrate in the ci rculat ion (Figure !). This i nformat ion as we i I as most of our 
· .!edge about the chemist r y and pha r macology of re nin-ang iotens in has come from Page , et 
~'n Cleveland and Houssay's gr·oup in Ar gent i na. 



17. Page, I . H. and Bumpus , F. M.: Angiotensi n. Phys . Rev. 4 1;33 1, 1961. 

IB· Braun~Mende z, E.: Pharmaco ogy of renin and hype tansi ·n . Pharmacal . Rev. 8 :25, 1956. 

i0tens i n was then shown t o have a str iking effect on aldosterone secretion, first by 
ft ~g est's group, then by Laragh , Davis , Bartte t·, etc . 
G8~ 

19. Biron, P., Koiw, E., Nowaczynsk i , W., Brou i I let, J . and Genest, J .: The effects of 
int rave nous i 1lfus ions of va! i ne~5 ar.g i otens in i and other pressor age nts on ur i nary 
e lectro lytes a nd cort icosteroids, i nclud i ng aldost erone . J . C! i n. Invest. 40:338, 
1960 . 

he effect of renin on aldoster one s ecret ion is a lmost certainly exerted by its enzymatic 
~tion on angiotensin, since r enin a lone d id not st imulate al dos terone bios ynthesis, in vitro. 

zo. Kaplan, N. M. a nd Bar·tter, F. C.: The effect of ACTH , re ni n, angiotensi n II and 
various precursors on biosynthes is of aldosterone by adrenal slices. J. Cl in. 
I nvest . 4 1 : 715, I 962. 

With the knowledge of the effect of r enin on angi otens in a nd o·f angi otens i n on aldosterone, a 
unifying concept has bee n for mulated (F ig ure 2). But years ago, such a mechanism was sug
~ested . 

21. Koh I staedt, K. G. and Pa ge , I • H.~ The I i berat io n of r enin by perfus ion of kidneys 
fo l low i ng r educt ion of pulse pressure. J. Exp. Med . 72:201, 1940. 

Red ucti on of pul s e pressure i n the dog 's ki dney led t o r e lease of a substa nce 
into the r enal ve in wh ich reacted wi th purified renin subst r ate to produce 
a substance t hought to be angiotensi n. 

ross fi rst suggested that r enin v ia ang iotensin i ncreases a ldosterone secret ion with a 
regative feedback cont rol . 

22. Gross, F.: Renin and hyper tensin, physio logi sche oder patho logische Wi r kstoffe 
Kl in. wochschr . 36:693 , 1958 . 

~ian showed that the re lease of r e nin was co nt rol led by t he degree of stretch of the rena l 
lfferent arter i o I es. 

23. Tobian, L. , Tombouiian, A. and Janecek, J. ~ The effect of hi gh ~erfus ion pressures 
on the gra nulation of j uxtaglomerul a r eel Is i n an isolated kidney. J . Cl in. Invest. 
38:605, 1959. 

When the str etch within the renal arte r ial bed is inc reased, there is a 
r eduction in J-G granularity, s ign i fying a sl owing of r enin secret io n; when 
stret ch is decreased, granular ity i ncreases, indicating hype rsecretion . 

~ ian's work and an extensive r ev iew of the entire s ubj ect are gi ven i n Tobian, L.: 
~rrelat ionship of e lectrolytes, j uxtag lomeru lar ee l Is a nd hyper tens io r . Phys. Rev. 40: 

~g 5 ' 1960 . Less extensive and more ava i !a ble is the paper by Tobian i n Ann. Int. Med. 52~ 
' 1960. 

e 
it extensive stud ies of Davis, eta !. s howed in a direct way that the kidney was · the receptor 
e\for the mechani sm contr o l I ing aldostero ne secretion a nd that renin was al most certainly 
~ th! I dosterone st i mu I at! ng h?r mo ne. " These studies, pub I i s hed in 1960, 1 6 1 and ear I y 1 62 

J.C.I ., are summar 1zed 1 n~ 

Davis, J. 0.~ The cont ro l of al doste rone secret ion . The P1 ys o logist 5: 65, 1962. 
Others have confirmed t hese results~ Mu lrow and Ganong, J .C. I . 41~505, 1962; 
Bar tter, et a!. Meta bo l ism 1 0 ~ 1006, !961 . 



fascinating c l ini cal observat ion of J-G ce i! hyperp as ia as ~ cau e of hyperaldoste ronism 
fh8 first noted by Bartter , et a I • 
~Bs 

Bartter, F. C. , Cas per, A. G. T., De lea, C. S. and Slater, J. D. H.~ On the role of 
the kidney in contro l of adre nal ster oi d pro~uct i on. Meta bol i sm !0: 1006, 1961. 

possib le direct rol e of reni _n-·angLot ens in 
f·-

effects of aldoster one on sod i um rea bsorpt ion are n. ~ . immed iate . However changes in in
fh~nsic renal hemodynam ics an? associated with rap id cha nges in sod ium reabsor ption. These 
t r~te changes may be med iated by a d irect e ffect of enin~~a rg i otens i n upon the renal tubule. 
a~e J-G cel ls a r e contiguous wit h the macula densa cell s of t he d ista l convol uted t ubule. 
! ~cent abst ract presented by Laragh, et a t . revealed ev ide nce for such a d irect effect of 
~g iotensin upon blocking t ubul ar r eabosrpt ion of sodium. 

26. Laragh, J . H., Can non , P. J. , Ames , R. P., Sici ns.ki, A.M., Bentzel, C. J. and 
Meltzer , J . ! .: Angi ot ens in I! and renal sod i um transport : Natriuresis and diuresis 
in patients with c irrhos is and ascites . J. Cl in . Invest . 41 :1 375 , 1962 (abstract). 

An attractive hypothesis, but st i I I to be proven. We have observed a fa l I in aldosterone 
secretion w.ith angiotens i n infus ions to patient s with hyperal doste ronism, similar to the 
tal l with other vasopr essor agents r epor·ted by Lar·agh. Thus the "di r ect" effect of angioten
si n may be secondary to a paradoxical depression of aldoste r·one secret ion when hyperaldo
steronism is present. Moreover , angiotensin causes a d i ures 1 s with increased sodium 
acretion i n patients with s evere hypertens ion who may have had hyperaldosteronism. 

27. Pea rt, W. S. and Brown, J . J.: Effect of angiotens in on ur i r.e flow and electrolyte 
excret ion in hyper ten sive pati ents . Lancet I :28, 1961. 

28. del Greco, F.: Effects of val ine- 5 ang iot ensi n ! I on excretion of water and salt 
in primary and secondary hypertens ion. Pr oc. Soc. Ex p. Bio i . Med. 107:973, 1961. 

Peart attributes t h is to a lower ed sensitivi ty t o the vase constrictor action 
of angiotensin in t he hypertens i e, so that the fa! I in G.F .R. and R.P.F. seen 
i n norma ls does not occur. 

· Other s t i mu I i 

ACTH Wil l increase aldoster one secreti on, but, under physi ol ogic cond itions, ACTH is supportive 
rather than in iti at ive in t he regu I at ion of a I dosterone secretion. Changes i n serum sodium 
a~d Potassium concentration are fol lowed by changes in aldoster one secret ion . The sod i um 
a a~ges are almost certain ly exerted through var iations in plasma vo lume, via the renin-
09 1otensin mechanisn. Potassium changes, on the other hand , act direct ly on the adrenal . 

29, larag h, J . H. and St oe r k, H.· C.: A st ud y of the mechanism of secretion of the 
sodium-retaining hormone (al dosterone). J . Cl in. Invest. 36:383, !957. 

30. Bla i r-West , J . R., Cogh la n7 J . P., Denton, D. A., God i ng, J . R., Munro, J . A., 
Peterson, R. E. and Wintour , M.: Humoral stimulation of adrena l cortical secretion. 
J. C I i n . I nvest . 41 : 1606, I 962. 

~her factors may play a rol e, but t oo I ittle is know n a bout them at present to be sure. 

31. Orti, E., Ra l li, E.P., Lake n, B. a nd Dumm, M. E . : Pr·esence of an aldosterone 
st imulating substance in the ur ine of rats de pr ived of sa lt. Am. J. Physiol. 191 : 
323, 1957. 

; ' 
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32. Peterson , R. E. and Mu i ler , J .: Aldos terone-st imulating mater ial in urine. 
Endocr ino logy 71:!74, 1962. 

fhB Relation of Re nin, Angiotensin and Aldoster·one to~Hx:Re rten~ -
A· Experimental hyper tens io n 

As ear ly as 1898, kidney extracts wer e shown to i nduce hyperte ns ion and the material respons i 
ble was ca l led renin . After the studies of Go ldblatt showed t hat re na l ischemi a ind uced 
hypertension, Houssay's group see reference 18 ) and the Cl eveland gr oup showed that reni n 
was re l eased under these ci rcumstances. 

33. Goldb latt, H.: The r ena ! or igin of hyperte ns ion . Spri ngfield, I l l ., Thomas, 1948. 

34. Corcoran, A. C. a nd Page, I. H.: Renal blood flow in experi me nt al hypertension due 
to constriction of the r enal artery. Am . J. Phys. 133 :249P, 194 1. 

Along with the i ncreased r enin content of the kidney, aldosterone secretion is elevated in 
dogs with malignant r enal hypertension. 

35. Car penter , C. C. J. , Dav is, J . 0. and Ayers , C. R.: Relation of renin, angiotensin 
I I, and ex peri mental renal hypertension to aldosterone secretion . J. Cl in. Invest. 
40:2026) 196 1 0 

Since tachyphylax i s to renin develo ps , the hypertensive effect presuma bly results from the 
angiotens in r e leased. Angi otensi n is the most potent vasopr essor known. In addition, the 
increased amount of a ldoste rone secret ed may also have a hypertensive effect which is 
independe nt of excess sal t i ntake. 

36. Kumar, D. , Hal I , A. E. D., Nakas hi ma , R. and Gornal! , A. G.: Hyper tension as a 
cumulative effect of a ldoster one adm in ist ration. Canad. J . Biochem. 35:113, 1957. 

Single i njections of r en in, in the presence of aldosterone a nd sa lt, wi I I produce a syndrome 
in rats simi Ja r to ma l igna nt hypertension . 

37. Masson , G. M. C. , Mikasa , A. a nd Ya suda, H.: Exper imental vascul ar disease e l icited 
by aldoster one and renin . Endocr inol ogy 71:505, !962. 

Thi s may expla i n why re ni n content may not r emain e levated in experimental 
r enal hy per tension , but the hypertensive process pers ists (Haynes a nd Dexter, 
Am. J . Phys iol . 150:190, 1947}. 

B. Renin and angi otens in l_eve ls in human hypertension 

The enti r e picture is clouded by the inabi l ity to measure either su bstance accurately. Thus, 
sharp ly conflicting r eports have ap·peared. 

Angiotens in: 
38. Kahn, J . R., Skeggs , L. T., Jr ., Shumway , N. P. and Wisen baugh, P. E. : The assay of 

hypertensin from the arte r ial blood of normotensive and hypertensive huma n beings. 
J o EXpo Med. 94 ~ 523, 1952o 

I ncr eased angi otensi n leve ls were f ound in huma ns with malig nant hypertension 
a nd dogs with experi mental r ena! hypertension . The levels in essent ia l 
hypertens ion overlap those i n normote ns ive patients. 

39. Genest, J. , Bi r on, P., Chreti en , M., Boucher , R. and Koiw, E.: Blood angiotensin 
levels in nor ma l su bjects and hypertensi ve pat ients . J. Cli n. Invest . 41:1360, 1962 
(abstract ). / 

Some pat· ients withal ! t ypes of hyperte nsi on had high levels ; most we re normal. 
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Morris, R. E., Jr. , Ransom, P. A. and Howa rd, J. E.: Studies on the relat ionship of 
angiotensin to hy perte ns ion of renal origin .. C! in. i nvest. 41: !386, 1962 (a bstract). 

Angiotensi n was det ected i n the b I ood ( peri pher a ! ar·ter i a I and rena I venous) 
of all 13 pat ie .ts with r enal hvpe rtension, but not in patients with essential 
or ma li gnant hypertension . 

Reni n: 
41. Helmer, 0. M.: Presence of renin in plasma of patients with arterial hypertension. 

Circulation 25: !69J 1962. 
The highes t r e nin leve ls were found i n acce lerated hypertension and renal 
vascular occ l usive disease. Var ia ble results were found i n essent ial hyper 
tension. 

42 · Peart, W. S .: Hype r tension and the kidney. Br it. Med. J . 2:1383 and 1421, 1959. 
Renin cou ld n't be detected in human ma l ig na nt oi- experimental rena l hyper
tons ion. He argues that re ni n and a ngi otens in are not res pons i b I e tor the 
hypertens ion see n with renal ischemi a • 

. Another less direct, but perhaps more exact a pproach has been made by Mendlowitz, et al. 
heY find that the tur nover of labe ll ed angiotens i n is slowe r i n pat ients with essential 
y~rtension and that the total body exchangeable pool is much increased in ma lignant hyper
ie'l sion. 

43. Mend !owitz, M., Wo l f, R. L., Git low, S. E. and Naftch i , N. E.: Angiotensin II studies 
in hypertens ion. Circu lation 25:231, 1962. 

his may exp I a in the increased sensitiv ity to angiotensin noted in patients with assent i a I 
yperte ns ion ,--..., 

44, Doy le, A. E. and Black, H. : Reactiv ity to pressor agents in hypertens ion. Circu
lation 12: 974, 1955. 

has found that the hypertensive pat ient is not able to neutra lize the vasoco nst r ictor 
. tivity of a ngiotensin with hi s per i pheral blood i n v itro as ra pid ly as the normotensive 
~rson. 

~5 . Wood, J . E.: Genetic contro l of neutral ization of angiotens i n and its relationship 
to essentia l hypertens ion . Ci rculat ion 25:225, 1962. 

s ~ve attempted to demonstrate an increased level of angiotens i n in patients with ma l ignant 
l~rtension in yet another, i nd irect way. 

' ~dosterone secretion in human hypertension 

'e I eve Is of a! dos tero ne excret ion and secret ion have been found to be e I evated in ma I i gnant 
.[~rtension, but are probab ly normal in uncomp l icated essent ial hypertens ion. The hyper·-

• :,00St eron ism with rna I i g nant hy pert ens ion is thought to be secondar·y to the re na I ischem ia 
~s Ult ing from the vascular damage cons istently found in t his syndrome. 

46 Laragh, J . H., Ul i ck, S., Ja nuszewicz , V., Deming, Q. B., Kel iy, W. G. and Lieberma n, 
S.: Aldosterone secretion and pr imary and ma lignant hypertens ion. J . Cl in. Invest. 
3 9 : I 09 1 , I 960. 

Genest, J. , Koiw, E., Nowaczynsk i, W. and Sandor, T.: 
spectrum in normal subjects and hypertensive pat ients. 
4 13' 1960. 

Study of a large steroid 
Acta. endocrino!ogica 35: 
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Venning, E. H., Dyrenfurth, 1., Dossetor, J. B. and Beck, J . C.: 
tension and aldosterone. Circulat ion 23:168, 196! . 

Essential hyper-

biochemical effects (hy poka lem ic alkalos is ) of th is hy pera ldosteron ism were noted even 
~~re the aldosterone measur ements were made, _ 
be 

, 49. de Wesselow, 0. L. V. S. and Thomson , W. A. R. : A st ud y of some serum electrolytes 
in hypertensi on. Quart . J . Med. 8:361, 1939. 

Wrong, 0. : 
196 1 • 

Inci dence of hypokalem ia in severe hypertens i6n. Br it. Med. J. 2:419, 

d h hypertension secondary to renal ischemia, hypera ldos t eron i sm may appear even with only 
nl " h t . ''benign yper ens 1 on. 

51. Gowenlock, A. H. and Wrong, 0 .: Hyperaldoste r onism secondar y to renal ischemia. 
Quart. J . Med. 31:323, 1962. 

The authors note that t he finding of hypoka lemia in a hypertensive patient 
wi I I more ofte n be secondary to renal isthem ia than pr imary aldosteronism. 

~ since hypokalemia i s fo und in a bout 50% of alI pat ie nts with malignant hypertension (due 
~ ~ither renal ischemi a no~ pr imary a ldosteron ism}, this f inding should not be used as 
ev idence tor anything more than hyperaldosteronism and other proced ures wi II be necessary 
for the differe ntial di agnosis. 

· e problem is even more diffi cult s ince "conge ni tal" pri mary aldosteronism with bilateral 
~renal hyperplasia is us uall y accompanied by mal ignant hypertension. 

--..:., 

~. Conn, J. W. : Aldosteronism and hypertension . Arch. I nt. Med. 107:813, 1961. 

e relationsh ips of renin, angi otensin and al doster one to essential hy pertension are much 
~s apparent. The levels of alI 3 are usua l ly normal and the ma nifestations of their 
·esence in excess are us ua l ly abse nt . 

' 53, Hollander, W., Chobanian, A~ V. a nd Burrows, B. A.: Bod y f.luid and electrolyte 
composition in arteri al hyper t ens ion . I. Studies in essential, r enal and malignant 
hypertension. J. Cli n . I nvest. 40:408, 196 1. 

ECF vol ume , tota l body exchangeable sod ium and potas sium ar e normal in 
essentia l hypertension . I n mal ig na nt hyper tens ion, as i n pr imary aldo
ster onism, ECF volume a nd sodium content are high, potassium content low. 

,.ere is the possibi l ity that increases in re nin, angiotensin and al dosterme may occur in 
::sential hypertension, pl ay a ro le i.n its pathogenes is but yet be undetectable by present 
~hn!ques. It so, thi s might explain the i ncrease in the content of sod ium withi n the 
, erlole wall which Tobian, et al. have o bserved a nd feel to be an importa nt ca use for 
~ased periphera l resistance . 

~. Tobian, L. , Jr . and Bi nion , J . T.: Tissue cations and water in arterial hypertension. 
Circulation 5:754, 1952. 

Tobian, L., Janecek , J ., Tomboul ian, A. and Fer re i ra , D.: Sodium a nd potassium in 
the wal Is of arter io les in exper imenta l r enal hype rte ns ion . J. Cl in. Invest . 40: 
1922, 1961 . 
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primary aldoste r oni sm wit h mal iqnant hy~ertens i on -
Forty-one yea r o ld white mal e with hypertens ion for 3 years with r ecent levels around 

zo0/130 and papi I !edema. Af t er t a ki ng Diur i I , he had become para lyzed and was found to be 
hypokalemic. Serum sodi um - 142-150, ser um potass i um- 2.9- 3 .4, ur i ne potassium- 90 meq/ 
day. Aldosterone excret ion- 33 ~g /day , secretio n rate~ 428 ~g/day. 

A solitary 5 Gm. adenoma was r emoved i n June , 1962. S i nce then the blood pressure and 
aldosterone excr et ion have fa i le n, t he s erum potassium has r etur ned to normal and the 
pap i I !edema has r eceded. 

Ma I i gnant hypertension with secondary hypera I dost eron ism 
2· 

Forty year old white mal e wit h hyper t e ns ion for seven years , wiih frequent headaches, 
obi igatory noct ur ia and occas io nal epistax is , des pi te anti -hypertensive therapy. B.P. -
230/170 with papi I !edema. Se r um sodium - 125-140 , serum potas s ium- 2 .0 - 3.4, urine 
potassium - 82 meq/day, aldoster one excr etion - 80 ~g/da y, secretion rate - I ,040 ~g/day. 

The hypertensive symp+oms pers isted and progress ive r enal insufficiency supervened. 
At post - mortem, bilateral adrenal cortical hyper pla s ia was· noted . 

3. Unilateral renal disease with poss ibl e secondary hyQera! dos teron ism 

Seventeen~year old white fema le (referred t o Dr . Norma n Carter by Dr . Rush Pierce) with 
hypertension (180/120 ) for 18 mont hs a nd Grade I I f undi . I. V.P . revealed a small left 
ki dney which was s low in excret ing dye. Serum sod i um- 140, serum potassium- 3.1. 
Aldosterone measur ements a r e be i ng per formed. 

THE PROBLEM 

I. An increased secretion of a ldoste r one i s fo und in these variet ies of hypertension: 

a ) Primary aldosteroni sm with ad rena l adenoma 
b) Congenital a ldoste roni sm with adrenal hyperp las ia 
c) Malignant hype rtens ion 
d) Unilatera l r ena l d i sease 
e ) ? Essential hype rte nsion~ pro,ba bly not ear ly , but per haps with comp! ications 

1
· The proper differe ntial d iag nos is of these causes of hyperaldostero nism is v ital. 

a) Cu r ab I e hy per t ens ion may become i ncu ra b I e i f a I I owed t o persist 
b) Improper diagnosti c eva luati on has lead to impr oper surgery with sign ifi ca nt mortality 
c) Bi lateral ad renal ectomy may be needed for the c ure of pr imary aldosteron ism 

The differe ntiation of these var io us diseases may be imposs ible by us ual clinical or labora
tory means. 
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THE SOLUTION 

Cl inica l guides : These a r e based on t he prolonged prese nce of hyperal dost e roni sm ca using 
I· potass i um wastage but usual ly only mi ld hy pertens ion in pr imary a ldost eronism but the rapid 

progression of hyper t ension wi t h secondary al doste ron ism. The dif fer ences may be in part 
dUB to the different le vel s of ren in~angiotens in in these two condi-tions . 

1° a!cio Ren~l schem ia Ma I i gnant H.T. 

Nat ure of 
I· 

H.T . usua ll y be nign treq;..;entl y accelerated acce lerated 

2· 
sis of aldos tero nism prominent v3riabl e in frequent 

}. Se r um sod i um usua l ly hig h usual ly !ow- nor ma l usual I y low-normal 

•• 
Serum potassium al ways low var ia ble 50% low 

z. If hypokalemi a is not ed i n a ny hypertens ive who ha s not taken d i ureti cs in the recent past, 
urinary potas si um excret ion wh i le on a normal sodi um intake s hou ld be measured. If elevated 
(above 20 meq per day ) , aldost erone excretion or secretion s hould be measur ed. 

}. The poss ib i I ity of unilateral r ena l i schemi a shoul d be es pecia l iy cons idered i n: 

a ) al I hypert ens ives under 3 5 i n whom no cause for the hypert e ns ion ca n be found. 
b) where ma l ignant hyperte ns ion deve lops in a pat i ent over 55. 
c ) in non-fami I ial hy perte ns ion of recent or igin with rapid progres sion of disease. 
d) whe r e an e pi sode of pa i n in th e re na l a rea is fo l lowed by i ncreas ing hypertension. 
e) when a br uit is heard over the r enal areas. 
f ) when the I .V.P . r evea ls a disparity in s ize or funct ion of the t wo kidneys. 
g) if the hypertension secondary t o renal ischemia i s due to t he r elease of a circulating 

pressor substance ( ? r en i n) wh ich a lso s igni f icantly st imu lat es al dosterone secretion, 
the easiest way to prove t hat renal i schemi a is the cause of hyper tension may be to 
find hyper aldosteroni sm. The pr ob lem of differentiating unilatera l renal ischemia from 
bilater al i schemia (e .g. ma l ig na nt hy pertens ion ) would rema i n, however . 

1· Since endogenous a ngiotensi n leve ls are e levated in s econdar y al dosteroni sm, but pr esumably 
depressed in primary aldost e ronism, t her e may be a difference i n the r es ponsi veness to 
exogenous angi otensin in these states. Our ini ti al s t ud ies are i n kee ping with this view. 
This s imple pro cedure may prove t o be~ valua b le met hod for differentiat ing t hese d iseases. 
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FIGURE I : THE FORMATI ON OF ANG IOTENS IN ! I 
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FIGURE 2: THE CONTROL OF ALDOSTERONE SECRETI ON 
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