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Artigo Original

A fung¢do adrenocortical na Aids —
avaliagao através do teste de
estimulagao rapida com ACTH
sintético — cortrosina*

MAURO TENDRICH?, ANTONIO PAULO DE MENEZES2, REGINA LANA BRAGA COSTA3, MARIO
VAISMAN4, EDNA ALVES DE ALMEIDAS, IVAN GOMES MARQUESS, JANETE CUBAS, KEYLA

INTRODUCAQ

A insuficiéncia adrenocortical resulta da
destrui¢do da cortex adrenal — insuficién-
cia adrenal primdria ou doenga de Addi-
son — por uma série de condigdes, tais co-
mo tuberculose (etiologia infecciosa espe-
cifica); adrenalite auto-imune( (etiologia
auto-imune); paracoccidioidomicose(®
(etiologia micdtica); hemocromatose (etio-
logia infiltrativo-metabolica); sarcoidose
(etiologia granulomatosa), dentre outras.
Nestas afeccdes, com o emprego da cortro-
sina (ACTH sintético, exdgeno), através do
teste de estimulagio rdpida, a cortex adre-
nal lesada nao respondera adequadamen-
te, secretando niveis anormais de cortisol
plasmdtico. Assim, a reserva adrenal mos-
trar-se-d diminuida, com hipocortisolemia
e elevagdo dos niveis de ACTH plasmati-
co endogeno (RIE). Enfim, o parénquima
corticoadrenal remanescente nio serd ca-
paz de aumentar a secregdo do cortisol apGs
injecdo IM ou EV de cortrosina®, carac-
terizando a baixa reserva adrenal. Recen-
temente, a sindrome de imuodeficiéncia ad-
quirida (Aids), condigdo de etiologia viral
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(retrovirus HIV), foi considerada uma cau-
sa provavel de doenga de Addison. Em rea-
lidade a Aids é comprovadamente respon-
sdvel por necrose e destruigdo das adrenais,
indiretamente através do virus de inclusdo
citomegdlica (VICM) e possivelmente tam-
bém por graus de baixa reserva adrenocor-
tical.

Os autores pretendem estabelecer a cor-
relagdo entre Aids, insuficiéncia adrenal
primdria e diminui¢do da reserva da glan-
dula em pacientes atingidos pela sindrome,
em diferentes graus de gravidade, através
de teste de estimulagdo rapida com ACTH,
visando contribuir para maior conhecimen-
to acerca do tema, no sentido da melhor
avaliagdo do diagnostico e da instituigéio da
terapéutica, a mais adequada nesses casos.

MATERIAL E METODOS

Os 18 aidéticos, todos do sexo masculi-
no, internados nas enfermarias do Hospi-
tal Evandro Chagas — 10C — Fiocruz,
situaram-se entre 19 e 43 anos (média 28,9

anos). Quinze eram homossexuais (dois
desses eram usudrios de drogas por via en-
dovenosa e um por aspiragdo), um era bis-
sexual; um apresentava historia de trans-
fusdo sangiiinea (com sangue contamina-
do) e um com fator de risco ignorado (Ta-
bela 1).

Quanto ao diagnostico da Aids, foi con-
firmado pelos testes de Elisa (em todos os
18 casos) e de imunofluorescéncia (realiza-
dos em 13 pacientes testados), sendo todos
HIV positivo (Tabela 2). Os casos em que
se realizou apenas o teste de Elisa tiveram
o diagnostico confirmado pelos dados cli-
nicos — grupo IV (Tabela 2) — ¢ epide-
miol6gicos — grupo de risco (Tabela 1).
Dentre as infecgdes associadas (Tabela 2),
estiveram presentes nestes pacientes: mo-
niliase cutaneomucosa em oito; isosporia-
se em trés; tuberculose em cinco; pneumo-
cistose em trés; toxoplasmose em um; proc-
tite herpética em um; sifilis em dois; sar-
coma de Kaposi em um e associagio com
esquistossomose mansdnica em um.

TABELA 1
Fatores de risco em 18 pacientes com Aids — Hospital Evandro Chagas, 1988

Paciente ldade/Sexo Fatores de risco

1 36 M Homossexual

2 43 M Historia de transfusdes de sangue
3 31 M Homossexual

4 29 M Homossexual

5 25 M Homossexual

6 27 M Homossexual

7 27 M Homossexual

8 28 M Desconhecido

9 25 M Homossexual
10 33 M Homossexual
I 29 M Homossexual
12 22 M Homossexual
13 30 M Homossexual
14 27 M Homossexual — uso de droga EV até 1980
15 26 M Homossexuat
16 27 M Homossexual — uso de droga EV
17 37 M Homossexual

18 19 M Bissexual — aspiragdo de cocaina
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TABELA 2 tisol, valores normais: acima de 140ng/ml
Infecgdes associadas e diagnostico em 18 pacientes com Aids — Hospital Evandro Ou acrescimo de pelo menos -SOng/ml em
Chagas, 1988 relagdo aos valores normais. Na urina de
. 24 horas foram dosados os niveis de 1.7
. - ) - — X OHCS e de cortisol livre. Valores normais
Paciente lIdade/Sexo InfecgSes associadas Diagnéstico da Aids (basais): 3 a 9mg/24 horas e de cortisol li-
IFl Blisa vre (basal): 20ng/24 horas. Pos-
. . } estimulagio rapida com ACTH — valores
1 36 M Linfadenopatia generalizada + + normais: 17 OHCS — aumento de duas a
% ‘31? M Tuberculose gi‘g“o”ar i 1 trés vezes o valor basal; e de cortisol livre
4 29 M Moniliase cutaneomucosa. Sifilis. aung.entlo ac1mafd§ trels. vgzes o valor btaf;ilé'
Abcesso anal. Linfadenopatia / + Inalmente fol avahado grupo-controle,
5 25 M Moniliase cutaneomucosa / + composto de cinco homens normais, cujas
6 27 M  Isosporiase pulmonar : + + faixas etdrias situaram-se entre 20 e 45
7 27 M Sarcoma de Kaposi. Tubercuiose pulmonar. anos, através das determinagdes hormonais
Monilfase cutaneomucosa. Froctite herpética + + sangliineas e urinarias basais e pos-teste de
8 28 M lIsosporiase intestinal + + estimulacdo rapida com ACTH (Tabelas 5
9 25 M  Sinusite bacteriana crénica + + e 6)
10 33 M Moniliase cutaneomucosa. Tuberculose e '
isosporiase pulmonares + +
11 29 M Moniliase cutaneomucosa + + RESULTADOS
12 22 M Toxoplasmose cerebral. Tuberculose pulmonar A .
e ganglionar. Moniliase cutaneomucosa e A baixa reserva adrenal ficou plenamen-
esofagiana — Dermatofitose + + te caracterizada nos pacientes 2 e 5 (Tabe-
13 30 M Moniliase cutaneomucosa. Tuberculose la 3). Nestes casos foi instituida a esteroi-
33:2822:' (E,?esg%acsgﬂzngm)c.stose / + doterapia. Um deles continua vivo (2), en-
14 27 M  Moniliase cutanecmucosa. Pneumocistose quan(tio o out(rio (Ii)dfiqleceu, _p(:SSlvetln;en_te
pulmonar (Pneumocystis carinii}. Mielite por doén¢a d¢ ison (sintomatologia
transversa / + compativel). Em outros casos (3, 8 € 10) os
15 26 M  Esquistossomose mansénica. Pneumocistose resultados foram compativeis com ‘‘suspei-
(Pneumocystis carinii) € pneumapatia ta’’ de baixa reserva glandular (Tabela 3).
intersticial + + Finalmente a reserva adrenal mostrou-se
16 27 M - + + normalnospacientes1, 4, 6, 7,9.11, 12, 13,
]g ?g M - N N 14, 15, 16, 17 e 18 (Tabela 3). Nos casos
- 12 e 13 havia cortisol plasmadtico basal mui-
— auséncia de inteccbes associadas,; / ndo realizada; + positivo to %filvaandt(()) a_ossﬁgiﬁsizzd((;l;aggéal;)o}lcs e
cortisol livre urindrio (Tabela 4), com ex-
cegdo dos casos 2, 5 e 8, onde seus niveis
_ TABELA 3 ' basais eram baixos, mas que mostraram
Fung@o adrenocortical na Aids elevagao significativa pos-estimulagio rd-

Niveis de cortisol plasmatico basal e pos-teste de ostimulagio rapida com ACTH —
’ Hospital Evandro Chagas, 1988

pida com ACTII, nossos resultados de-
monstraram que, enquanto no dmbito do
cortisol livre (basal e pds-estimulo) os va-

Paciente Idade/Sexo Cortisol basal Cortisol [p6s-estimulagéo lores obtidos foram compativeis, 0 mesmo
{ng/mi) com ACTH (ng/m) ndo se deu em relagao aos 17 OHCS. Nes-
8:00 16:00 8:00(0’) 8:30(30') 9:00(60') A £do a g
: tes os niveis foram muito heterogéneos, o
que nos levou a concluir que os resultados
s M me usp w0 %40 A0 Gidos com as deerminasoes dos nives
2 31 M 141,0 68,0 148,0 176,0 260,0 908 HCS pés-estimulagdo rapida com
4 29 M 328.0 288.0 340.0 297.0 306.0 ACTH exogeno nio nos pareceram dignos
5 25 M 76,0 58,0 92,0 100,0 236,0 de confianga, no sentido da avaliagdo da
& 27 M 184,0 124,0 160,0 146,0 121,00 reserva adrenal, nessa condigao viral.
7 27 M 208,0 141,0 178,0 233,0 252,0
8 28 M 242,0 192,0 292,0 320,0 360,0 It
9 25 M 187.0 116,0 226,0 373,0 346,0 DISCUSSAO
10 33 M 182,0 103,0 221,0 232,0 281,0 . n n
11 29 M 189.0 128.0 121.0 366.0 592.0 Varios trabalhos vém dando énfase ao
12 22 M 336,0 114,0 576,0 528,0 360.0 acometimento adrenal na Aids. Neidt &
13 30 M 312,0 274,0 305,0 192,0. 121,0  Schinella®), através de estudo clinicopato-
14 27 M 205,0 128,0 206,0 291,0 93,0  lbgico em 56 autdpsias de pacientes com a
12 %8 m ?338 22‘218 Hgg ?238 346128 sindrome, encontraram, em 29 de 43 pa-
737 Mo 21200 800 162.0 199.0 B G e pela sirus de inchusao o -
18 19 M 116,0 29,0 26.0 127°0 178,0 p

megalica (VICM), com envolvimento pelo
virus de grande parte das adrenais em cin-
co casos e areas de calcificagdo em uma de-
las. Finalmente, no material estudado, des- ..
tacaram que a adrenal constitui-se no se-

valores normais:
— Cortisol basal: 8h = 70-180ng/ml, 16h = 20-90ng/mi
Cortisol pds cortrosina = acima de 14Qng/ml ou elevagdo de 50ng/ml.acima do normal

Em relagiio d avaliagdo da fungdo adre
nocortical, os 18 casos de Aids foram sub-
metidos as dosagens hormonais basais plas
maticas e urinarias: no primeiro dia — cor-
tisol (ritmo circadiano) 8 e 16 horas ¢ 17
OHCS e cortisol livre (urina 24 horas); e
pos teste de estimulagdo rapida com ACTH
sintético (0,25mg) — Cortrosina EV Orga-
non: cortisol plasmatico (RIE) as 8:00 (0°),
8:30 (30’) € 9:00 (60’) no segundo dia. Em

6

todos os pacientes foram colhidos 10ml de
sangue total em seringa heparinizada, nos
tempos determinados e apds centrifugd -los
a 5.000 rotagdes por minuto, durante' 5 mi-
nutos,foram dosados nas amostras de plas-
ma obtidas, os niveis de cortisol pelo mé-
todo do radicimunoensaio -- Kit DPC
Double AB, valores normais: 8 horas — 70
a 180ng/ml e 16 horas — 20 a 90ng/ml.
Pos-estimulagdo rapida com ACTH: cor-

gundo orgae mais atingido no paciente ai-
dético. Tapper ef al.®®), em autdpsias rea-
lizadas em 10 individuos corn Aids (oito ho-
mossexuais e dois usuarios de drogas inje-
taveis), encontraram adrenalite por VICM
em sete casos, 0 que permitiu-lhes concluir
pelo acentuado tropismo deste virus pela
adrenal, quando de sua infecgdo dissemi-
nada pelos varios aparelhos e sistemas. Na-
queles sete casos, ambas as adrenais foran:

Arq. Bras. Endocrinol. Metabol. — Vol. 33, N° 1 — Marcb, 198¢
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TABELA 4
Fungdo adrenocortical na Aids
Niveis de 17 OHCS e cortisol urinério, basal e pos-teste de estimulagao rapida com
ACTH — Hospital Evandro Chagas, 1988

Paciente ldade/Sexo 17 OHCS basal 17 OHCS Cortisol basal Cortisol
{ng/24h} pos-estimulagéo {ng%) pés-estimulagao
(ng/24h) (ng%)
1 36 M 4,0 6,2 24,0 184,0
2 43 M 1,56 5,5 8,0 27,0
3 31 M 4,9 6,0 71,0 146,0
4 29 M 5,3 7.2 66,0 203,0
5 25 M 1,1 6,3 4,0 74,0
6 27 M 5,2 11:3 38,0 50,0
7 27 M 1,7 4,4 36,0 204,0
8 28 M 0,6 2,0 10,0 23,0
9 25 M 2,9 4,0 27,0 63,0
10 33 M 13,1 5,2 157,0 115,0
11 29 M 2,5 3,6 3,0 12,0
12 22 M 2,0 3,8 67,0 206,0
13 30 M 11,7 2,7 74,0 296,0
14 27 M 5,4 10,0 90,0 195,0
15 26 M 6,8 2,6 21,0 67,0
16 27 M 4,6 6,8 13,0 39,0
i7 37 M 6,5 9,8 13,0 27,0
18 19 M 5,0 7.3 41,0 73,0
Valores normais: — 17 OHCS — basal = 3,0 — 9;0ng/24h

— Cortisol urinario basal =

20ng/24h thomens)

— 17 OHCS pds-estimulagdo com cortrosina = duas a trés vezes o basal
— Cortisol -urinario pés-estimulacdo com cortrosina = mais aue trés vezes o basal

atingidas em igual gravidade (nivel corti-
cal e medular), com inflamagdo necrotizan-
te de extrema gravidade em quatro, acom-
panhada de infiltrado neutrofilico ao redor
de areas necroticas. Concluiram pelo cui-
dado que o médico deve dlspensar a estes
pacientes, niao so em virtude do risco po-
tencial de insuficiéncia adrenocortical pri-
maria, como também pela necessidade da
avaliagdo repetida da fun¢do adrenal na
ids.

Por sua vez, Guenthner er al. tam-
bém ressaltaram o freqiiente envolvimen-
to adrenal em infecgdes disseminadas pre-
sentes em doentes com Aids e relataram ca-

so de doenga de Addison em usudrio de
drogas por via endovenosa, tendo a Aids
como suposta etiologia. Neste caso, a par
da sintomatologia, da baixa reserva adre-
nal aferida através do teste de estimulo pro-
longado com ACTH e da melhoria do qua-
dro clinico com’a corticoesteroidoterapia,

uatro meses apos instalou-se a sindrome
3e imunodeficiéncia adquirida, com evi-
déncias da presenga de infec¢io dissemina-
da pelo VICM, com inclusdes em varios 6r-
gdos. A autopsia, as adrenais mostraram-
se com pequeno numero de células corti-
cais e com auséncia de tecido medular, in-
clusdes do virus e dreas necroticas com in-

TABELA 5
Avaliagao da fungdo adrenocortical na Aids

filtrado leucocitario, aspecto histopatold-
gico também presente no material de au-
topsia observado por Reichert et al.®,

Quanto a sintomatologia presente em
doentes com Aids, Klein et al.() chama-
ram a atengdo para o fato de que muitos
destes pacientes apresentaram sintomas co-
mo perda de peso, fraqueza, febre, diar-
réia, vOmitos, nduseas e que estas manifes-
tagOes eram inexplicdveis nestes casos, con-
tudo muito semelhantes aquelas presentes
nos addisonianos, aspecto também desta-
cado por Membreno et al.®. Assim, ava-
liaram a fung¢do adrenocortical em apenas
cinco casos, através do teste de estimula-
¢ao rapida com ACTH exdgeno. Em todos
0s.casos 0s niveis plasmaticos do cortisol
estiveram dentro da-normalidade, caracte-
rizando reserva.adrenal mantida e normal.

Mais recentemente, Membreno et al.®),
apos reahzarem testes de estimulagdo com
ACTH em 74 ‘pacientes com Aids, obser-
varam a presenga de insuficiéncia adrenal
em quatro casos, presumivelmente devido
ao virus HLV ou doenga oportunistica.

Finalmente Dobs et @/.(9), ao avaliarem
a reserva adrenocortical através do teste de
estimulagdo com ACTH em 39 aidéticos,
encontraram-na normal em 36 desses ca-
sos (92%).

CONCLUSOES

E também nossa impressio que vérios
sinais e sintomas, tais como anorexia, as-
tenia, emagrecimento, diarréia, vomitos,
desidratagdo, choque e petéquias poderao,
possivelmente, significar a presenga de in-
suficiéncia adrenal primadria, dai termos
submetido nossos 18 casos de Aids a inves-
tigagdo da fun¢do cortico-adrenal. Portan-
to, dados os resultados obtidos em nossa
casuistica e os mencionados na literatura,
consideramos oportun¢d empreender-se a
avaliagdo da fungdo adrenal em todos os

Grupo-controle — Hospital Evandro Chagas, 1988

Individuos Cortisol basal Cortisol plasmético pos-estimulagdo ACTH exégeno
normais Plasma

8h 16h 7:30 (-30') 8:00 (0') 8:30 (30) 9:00 (60")
M.X.L., masc., 36 anos 238,0 129,0 201,0 165,0 167,0 244,0 -
W.F.0., masc., 44 anos 114,0 66,0 101,0 109,0 246,0 350,0
J.AS., masc., 27 anos 119,0 112,0 182,0 152,0 261,0 306,0
E.F.P., masc., 25 ands 172,0 122,0 134,0 99,0 212,0 359,0
J.B.M., masc., 28 anos 36,0 25,0 138,0 195,0 212,0 252,0

TABELA 6

Avaliagcdo da fungdo adrenocortical na Aids

Grupo-controle — Hospital Evandro Chagas, 1988

Individuos normais

17 OHCS basal
urina 24 horas

17 OHCS pos-estimulo ACTH
urina 24 horas

Cortisol livre Cortisol livre

basal pés-estimulo
urina 24 horas ACTH urina 24
horas

L., masc., 36 anos 5,9
0., masc., 44 anos 6,2
A.S., masc., 27 anos 5,4
.F.P., masc., 25 anos 6.3
B.M., masc., 28 anos 4,9
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casos da sindrome, dado o grau de destrui-
¢do (necrose) do tecido glandular presente
nesses casos 5. 6.7, 8 e a possivel insufi-
ciéncia adrenal primadria ja amplamente ca-
racterizada. Finalmente, naqueles em que
a doeng¢a de Addison declarar-se clinica-
mente ou a baixa reserva adrenal ficar de-
vidamente comprovada, tornar-se-a indis-
pensdvel, a nosso ver, a instituigdo da cor-
ticosteroidoterapia, a fim de estabelecer-se
a regressao sintomatoldgica e restabelecer-
se a normofung¢do adrenocortical.

RESUMO

A fungio adrenocortical na Aids, com
a caracterizagdo da baixa reserva adrenal
ou doenga de Addison, foi investigada em
18 pacientes portadores daquela condigdo

viral. Assim, foram obtidas amostras de
plasma e de urina, basais e pos-teste de es-
timulagado rapida com ACTH exo6geno cor-
trosina, para determinagdes dos niveis plas-
madticos de cortisol e de 17 OHCS e de cor-
tisol livre urinario.

Os resultados obtidos demonstraram:
fun¢do adrenocortical normal em 13 casos
(72%); baixa reserva adrenal ‘‘suspeita’’
em trés casos (17%) e finalmente baixa re-
serva adrenal definida em dois casos (11%),
com sintomatologia sugestiva de doenca de
Addison, sendo indicada a corticosteroido-
terapia, no sentido da melhoria da sinto-

_matologia e da normalizagdo da fun¢ido

adrenocortical.
SUMMARY

The adrenocortical function in Aids and
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the possibility of low adrenal reserve or Ad-
dison’s disease were investigated in that vi-
ral affection. Blood and urinary samples
from 18 patients with Aids were obtained
basal and after rapid stimulation test with

exogenous synthetic ACTH (cortrozyn),
JSor measurement of plasmatic cortisol and

17 hydroxisteroids and free urinary cortisol.

The results caracterized: normal adre-
nal reserve in 13 patients (72%); ‘‘suspec-
ted’’ low adrenal reserve in three patients
(17%j and low adrenal reserve in two (11 %)
with symptomatology sugestive of addi-
son’s disease. In these last two patients it
was indicated therapy with steroids in or-

der to improve the symptoms and norma-
lize the adrenal function.
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O custo do tratamento do diabetes
“mellitus’’ tipo |

INTRODUCAO

A pratica didria na rede publica hospi-
talar faz-nos refletir sobre as dificuldades
encontradas pelos diabéticos tipos I e II na
execucdo completa de seu plano de trata-
mento. Tais dificuldades compreendem fa-
tores psicoldgicos, sociais € basicamente
econdmicos, que serdo os que abordaremos
a seguir, em relagdo ao diabético tipo I.

Tendo em vista que o diabetes mellitus
¢ uma doenga crénica, cujo tratamento efi-
caz reduz drasticamente a incidéncia de
complicagdes, estaremos sempre compro-
metidos com a importincia do controle
metabolicot!: 2, porém tentando adequar
os meios de alcanga-lo a realidade do pa-
ciente.

METODOS

Levantamos os custos dos seguintes
itens do tratainento do diabetes tipo I: die-
la, insulina, seringa e agulha, material pro-
prio para glicosuria ou glicemia capilar,
bem como o custo global do tratamento.
Os valores obtidos foram pesquisados em
amostras multiplas e indexados atraveés da
OTN. Comparamos os custos das diversas
modalidades de tratamento entre si € a se-
guir os relacionamos com o piso salarial
minimo.

Como modelo, calculamos uma dieta de
1.800 calorias contendo 55% de hidratos
de carbono, 20% de proteinas ¢ 25% de li-

pidios,sempre utilizando da'lista.de substi-

tuigdes os alimentos mais baratos da esta-
¢d0. O custo com temperos € preparo das
refeigdes foi desprezado.

Para estimativa do gasto mensal com in-
sulina, calculamos uma dose média diaria
de 40U de insulina lenta ou NPH (0,7 a
0,8U/kg para pessoas de 50 a 60kg) + 6U
de insulina regular, ajustando estes valo-
res em 90% para as insulinas monocom-
ponente ¢ humana.

Para cdlculo do gasto com seringas e
agulhas, utilizamos a pratica da reutiliza-
¢ao de seringas descartaveis por sete a oito
dias (quatro por més), comparando com o
gasto de uma seringa de vidro a cada trés
meses®. |

Glicosurias ou glicemia capilar foram
estimadas como se realizadas quatro vezes
ao dia, sem considerar o gasto com lance-
1as ou agulhas necessarias para a obtengio
da gota de sangue (reutilizdveis e de baixo

RUTH CLAPAUCH

custo), nem com tubo de ensaio, conta-
gotas e restante do material utilizado para
glicosuria.

Nao consideramos gastos com exercicio,
ja que este pode ser realizado sem gasto adi-
cional (andar, correr etc.).

RESULTADOS

Dieta (custo mensal para uma pessoa):
9,85 OTN

Percentualmente, o peso dos varios ti-
pos de vegetais componentes da dieta nes-
te custo foi o seguinte:

%
Vegetais A 27,0
Vegelais B 21,0
Carne/peixe/{rango/ovos 17,0
Frutas 7,0
Pao 6,0
Leite C 5,0
Queijo 4,0
Arroz 2,3
Feijdo 1,9

Outros (caté, adogante,
margarina et¢.) — . 8,8

Insulina

OTN/més
NPH U 80 1,35
Suina lenta 2,50
Monotard (importada) 7,76
Humana lenta U 100 3,25
Regular U 80 0,18
Suina simples U 80 0,40
Actrapid (importada) 1,12
Humana regular U 100 0,22
Seringa e agulha

OTN/més
Descartdveis 0,24
De vidro 0,16
Glicosuria

OTN/més
Reagente de Benedict 0,08
Glicofita 0,81
Clinitest 1,32
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Glicemia capilar (cortando-se a fita ao
meio)

OTN/més
Hemoglucotest 3,60
Destrostix 3,75
Glucostix 3,12

CUSTO GLOBAL DO TRATAMENTO

Analisamos os custos para trés tipos de
paciente: o.primeiro (custo minimo) rece-
be insulina da Ceme e realiza glicosirias
com reagente de Benedict; o segundo (cus-
to médio) usa insulina purificada e faz gli-
cosurias com Clinitest € 0 terceiro (custo
maximo) utiliza insulina humana e f'az au-
tomonitorizagdo sangiinea com Hemoglu-
cotest ou Glucostix.

Todos utilizam seringas descartavcis,
reaproveitando-as, e fazem o mesmo tipo
de dieta, que ja foi calculada da forma mais
econdmica possivel, dentro do prescrito.

17 paciente (custo minimo)

OTN/meés

Dieta 9,85
Insulina —
Seringa e agulha 0,24
R. Benedict 0,08
Total 10,17
2?2 paciente (custo médio)
OTN/més
Dieta 9,85
Insulina suina 2,90
Seringa e agulha 0,24
Clinitest 1,32
Total 14,31
3?2 paciente (custo maximo)
OTN/més
Dieta 9,85
Insulina humana 3,83
Seringa ¢ agulha 0,24
Automonitorizagdo sangiined 3,12
Total 17,04
9



-

Piso salarial: 7,03 OTN.

Entdo: Tratamento de custo minimo = 1,5
X 0 piso salarial.
Tratamento de custo médio = 2 x

o piso salarial.
Tratamento de custo maximo =
2,5 x o piso salarial.

DISCUSSAO

Nestes dados, observamos que, sem di-
vida, o tratamento do diabetes na maioria
da populagdo brasileira € inalcangavel,
mesmo garantindo-se a disponibilidade de
insulina fornecida pela Ceme.

Isoladamente, o fator de maior peso fi-
nanceiro no tratamento é a dieta. Talvez
isto explique a pequena aderéncia a ela des-
crita que, em estimativas americanas, nao
chega a 10% dos pacientest®: 4. Este des-
cumprimento é particularmente decisivo no
diabético tipo 11, que podera passar a um
grupo com necessidade de hipoglicemian-
tes orais ou insulina, na dependéncia do
fracasso na realiza¢do da dieta, aumentan-
‘do seu custo de tratamento e expondo-se
aos efeitos colaterais destes medicamentos.

Observamos que o alimento mais fre-
giientemente suprimido da dieta, nas clas-
ses carentes, é o vegetal tipo A, seguido do
vegetal B, que juntos sdo responsdveis por
quase 50% do custo da dieta. Estes vege-
tais, unitariamente, nio tém custo eleva-
do. Porém sao necessarias grandes quan-
tidades de alimento cru para se chegar a
quantidade que realmente deve estar pre-
sente 4 mesa do paciente, considerando-se
que estes vegetais, muitas vezes, tém par-
tes inaproveitaveis, como os talos de alguns
vegetais folhosos.

Quanto a insulina, deve-se assegurar ao
paciente de baixa renda o acesso a insuli-
na distribuida pela Ceme, isentando-o deste
custo adicional. No caso de indicagio de

uma insulina mais purificada ao diabético

carente, este deve, a nosso ver, também ter

o direito de recebé-la através da mesma via.

Assim também pensamos em relagio a se-

ringas e agulhas, sem as quais a aplicagdo

da insulina distribuida ndo é possivel. Neste
particular, considerando-se que a diferen-
¢a financeira entre o uso de seringas € agu-

lhas descartaveis, reaproveitando-se, € 0

uso de seringas de vidro é muito pequena,

recomendamos o uso das primeiras, por se-
rem mais leves, menos suscetiveis a estra-
gos e mais facilmente transportaveis.

O custo do reagente de Benedict ¢ mi-
nimo: devemos, portanto, incentivar este
método de glicosuria frente a populagao de
baixa renda.

Em compensagio, quando for necessd-
ria a automonitoriza¢io sangiiinea, esta se-
ra inatingivel para um numero significati-
vo de diabéticos.

Assim, considerando que o tratamento
do diabetes ndo se limita a insulina, acre-
ditamos que devemos orientar nossos pa-
cientes mais carentes no sentido de:

1. Utilizar, sempre que possivel, a insuli-
na fornecida pela Ceme.

2. Incentivar o uso de seringas descarta-
veis, reutilizando-as por sete a oito dias.

3. Incentivar como método de glicosuria o
reagente de Benedict.

4. Cortar a fita de glicemia capilar ao
meio, no caso de automonitorizagao
sangiiinea.

5. Recriminar habitos prejudiciais e dis-
pendiosos, como, por exemplo, o fumo,
cuja supressdo inclusive permitiria um
maior gasto com a alimentagio.

6. Incentivar uma dieta mais rica em car-
boidratos menos refinados®. 7. 8.,

Em nivel de 6rgios governamentais, cre-
mos que deveria ser criada uma politica de
fornecimento de material basico para o tra-
tamento do diabetes, ou seja: insulina, se-
ringas e agulhas e reagente de Benedict,

REFERENCIAS

bem como ajuda de custo ou local para a
realizacgdo de refeigdes, ja que a dieta ¢ um
fator fundamental ne tratamento.

Da mesma forma, o diabético que ne-

“cessite de um tratamento mais sofisticado,

como o uso de insulina purificada ou de au-
tomonitorizagdo sangiiinea, deve ter, me-
diante requisi¢do médica, o direito ao for-
necimento do material necessario a este ti-
po de abordagem.

Queremos finalizar reenfatizando a im-
portancia da preocupagdo com a dieta ao
nivel da cobertura governamental, ja que
ela é o item mais dispendioso do tratamento
e é responsavel pelo éxito no controle da
glicemia, isoladamente, em uma grande
parcela de diabéticos tipo I11. No diabético
tipo 1, corretamente realizada, diminui as
necessidades de insulina e ajuda o contro-
le metabdlico, reduzindo as complicagbes
agudas e cronicas, que certamente serao
bem mais dispendiosas ao Estado e ao
individuo.

RESUMO

Foi levantado o custo, em OTNs, do
tratamento do diabético tipo I, do ponto
de vista do paciente. Fizeram parte da ava-
liagdo os seguintes itens: dieta, insulina, se-
ringa e agulha, material préprio para gli-
costiria ou glicemia capilar, comparando-
se as diversas opgdes existentes no merca-
do, bem como o custo global do tratamen-
to. O custo total variou de 10,17 a 17,04
OTN:s, de acordo com o tipo de medica-
mento empregado, durante o periodo de
um més. A dieta foi o item isolado de maior
custo do tratamento. Concluimos que, para
as classes de nivel sécio-econdmico mais
baixo, que recebem entre um a dois pisos
salariais/més (7 a 14 OTNs por més), € im-
possivel em alguns casos arcar com 0s cus-
tos do tratamento €, basicamente, de alguns
itens mais dispendiosos da dieta.
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Pharmacokinetics of insulin infuséd
intraperitoneally into catheters lying
on the liver via portable pumps

MANUEL HERMINIO DE AGUIAR OLIVEIRA. 4, R, ROUAUD!', G. COSTALATZ, D. LAUTON?1,
D. CHENON?". 3, A. ORSETTI", J. MIROUZE!

INTRODUCTION

Continous peritoneal insulin infusion
has been proposed in brittle diabetes to
achieve near-normalization of blood
glucoset!, 2. Howewer the obstruction of
the chronic catheter represents the major
obstacle. In order to improve local toleran-
ce of the indwelling material, we have in-
serted the catheter directly on the surface
of the liver.

AIM OF THE STUDY

The aim of this study was to determine
if intraperitoneal catheter lying on the li-
ver, compared with catheter in the mid ab-
domen, can induce significant differences
in levels of plasma free insulin and plasma
. glucose after a square wave of regular in-
sulin infused via portable pump.

MATERIAL AND METHODS

Ten insulin-dependent diabetic C pep-
tide negative patients (three men and seven
women) chronically infused intraperito-
neally by portable pumps (M.R.S. infusor,
Biomedic France), with regular neutral por-
cine insulin 100iu/ml (Organon, France),
gave informed written consent according to
the declaration of Helsinski.

Two sub-groups of five patients mat-
ched for age, weight, height, diabetes du-
ration, portable pump duration, daily in-
sulin doses, diabetic control (HbA1C levels)
and insulin antibodies levels ( see table )
were characterised according to the site of
the peritoucal portion of their catheter (po-
lyethyleneitubelexternallycovered with si-
lastic: internal diameter 0,3mm, external
diamcter 1,3numn (Siemens A.G.F.R.G.).

1. Service des Maladies Metaboliques et
Endocriniennes.

2. Service de Chirurgie Viscerale A Hospital
Lapeyronie.

3. Laboratoire de Parmacologie-Faculte de
Medecine Montpellier.

4. Universidade Federal de Sergipe.

TABLE
Clinical data
Group | Group Il n=25

Age (years) 33.2 = 1.91 37.0 = 5.44 }
Weight {kg) 58.0 = 2,66 63.3 =+ 4.45 1

]
Height (m) 1.62 = 0.02 1.65 + 0,04 . % NS
Diabetes 206 *+ 2116 23.0 £ 2.47 |
duration (years) ]

1
I.P. duration 4.90 + 0,40 3.20 = 1.29 ]
{years) ]

]
Daily insulin 1
doses (1.U.) 42.2 + 9.63 54.0 £+ 12,6 ]

i I NS

HbA1C (%) 8.,90 + 0.58 8.30.+ 0.70 i

1
Insulin antibodies ]
(%) 13,1 + 5.25 12.9 £ 6.12 1

)

Fig. 1 — X rays example of. cathetet lying on

the liver (group I).

¢

Fig. 2 — Xrays example of catheter in mid ab-
domen position (group 1),

Pedidos de separata: Dr. Manuel Herminio de A. Oliveira — Rua Ananias Azevelio, 605 — 49000
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In five patients, the catheter was im-

'planted through ligamentum falciforme he-

patis on the surface of the liver (groupe 1)
under general anesthesia using coelioscopy.
Five other patients were infused intraperi-
toneally using a chronic catheter under lo-
cal anesthesia through the umbilical area
in the mid abdomen (group 11). The hepa-
tic and periumbilical positions of the ca-
theters were all verified using contrast X
rays (see Figs. 1 and 2).

The patients were admitted to the La-
peyronie hospital in the evening, 18 hours
before the pharmacokinetic study and they
were asked to switch their pump on a mi-
nimal basal rate of insulin just necessary
to maintain blood glucose concentration at
about 200mg/dl. There was no statistical
difference between insulin basal rate of
group 1 (0.62 + 0.14 1.U./h) and group I1
(0.56 £ 0.13 1.U./h). On the morning of
the test, the patients were maintened fas--
ting. After 30 minutes basal period, the.
pump was switched on a 1 hour surimpo-
sed squarewave of 6 units (see Fig. 3). Pa-
tients of groups I and Il were randomized
in a double blind assay.

Venous samples were taken 30, 15 and
0 minutes before starting the surimposed
squarewave, then every I5 minutes for 90
minutes and every 30 minutes during the
last 90 minutes for determination of free
immunoreactive insulin (FIRI). Blood sam-
ples were immediately centrifuged and the
plasma frozen. Plasma free insulin was ex--
tracted by a polyethylene glycol solutionG.
4 then measured by radioimmunoassay
using the charcoal dextran technique®.
Validity of the assay was verified by addi-
tion and dilution tests, and between-run
and within-run reproductibility of 14.5 and
13.5% respectively (coefficient of varia-
tion). Plasma glucose levels were also mea-
sured during the experiment by a glucose
oxidase method using a continous blood
glucose analyser (ISA Biologie — France).

Results are given as means + standard
error of the mean (SEM). Biostatistical
analysis used multiple comparison test of
Student-Newman-Keuls®).

RESULTS

The FIRI results are shown in Figs. 4
and 5. Basal values were not significantly
different: 21.14 + 7.24mU/1-! (group I)
10.8)+i4.01mU/1-! (group II).

In group I plasma free insulin signifi-
cantly increase between 30 to 90 minutes
(p < 0.01at 30, 45, 90 minutes and p <
0.001 at 60 and 75 minutes) as for incre-
ment plasma free insulin (p < 0.01 at 30,
45, 90 minutes and p < 0.001 at 60 and
75 minutes).

In group Il plasma free insulin signifi-
cantly increase from 45 to * 120 minutes
(p< 0.01 at 45, 90,120 minutes and p|<
0.001 at 60 and 75 minutes) like the incre-
ment of plasma free insulin (p < 0.0l at
120 minutes and p < 0.001 at 45, 60, 75
and 90 minutes). X
~ So a faster significant change of FIRI
was found in group I patients, but there
was no difference between the peak time
of group I and II (66 + 15.4 VS 69 + 7.65
minutes, N.S.). Plasma free insulin levels
were higher for 60 minutes in group I and
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for 75 minutes in group 11 than basal va-
lues with significant différence in peak va-
lue (39.4 + 8.85 VS 11.2 £ 3.02 mU/1-1,
p < 0.001).

CONCLUSION

In spite of the necessity of coelioscopy,
this new technique may represent an attrac-
tive alternative in chronically implanted pa-
tients suffering with abdominal pain or
when adherences appeared in the mid
abdomen.

According to previous studies®, the
pharmacokinetic of insulin when catheter
lie directly on the liver suggest:

— A first pass effect low important.
— A faster hepatic absorption of insulim.

In contrast, the incidence on plasma glu-
cose seems to be negligeable.

Further experimental stydles will con-
firm these preliminary results in patients as
well as the long term tolerance.

SUMMARY

The intraperitoneal administration of
insulin has been recommended to achieve
a strict metabolic control in brittle diabe-
tes because insulin is theoretically absorbed
into the portal venous system. The aim of
this study was to investigate the pharma-
cokinetics of insulin infused into catheter
lying directly on the surface of the liver. 10
type I diabetic, C peptide negative patients
were treated intraperitoneally with porta-
ble pumps (MRS infusor). In five patients
(group I), the catheter was implanted on
the surface of the liver under general anes-
thesia using coelioscopy. In five other pa-
tients (group II) it was inserted under lo--
cal anesthesia through the umbilical area
in the mid-abdomen. The hepatic and pe-
riumbilical positions of the catheters were
verified using contrastXrays. Plasma free
insulin was measured repeatdly for 3 hours
followmg a 1h square wave of 6 units in-'
Jused via catheters glycemuz was also as-
sessed using a continous blood glucose
analyser. Fasting free insulin was not sig-
nificantly different in group I and II. Dose-

"induced peaks occurred similary -in both

groups (but was significantly higher in
group 1) (60.8 + 13.7 nU/mil) vs group 11
(22|1£16.9 nU/mi p < 0.001).

Values tended to baseline after 120 min
in both groups. Glycemia, during the ex-
periment, was slightly lower in group I (but
NS). Then, according to experimental
study, these clinical data show that insulin
peaks are higher when catheter lies on the

-liver instead of in the mid-abdomen sug-
.gesting a higher capacity for reabsorption.

In contrast the effect on glucose modula-
tion seems to be similar whatever the posi-
tion of the catheters in the peritoneal ca-
vity.

;)eptide in insulin-treated diabetics. Diabetes,

Insulin radioimmunoassay

4.

Métabolisme, 11:170-173, 1985. 6. JENOLD, H. & ZAR — Biostatistical analysis. Prentice-Hall Iinc.,

. NAKAGAWA, S.; NAAYAMA, H. et a/. — A simple method for

the determination of serum free insulin levels in insulin treated
patients. Diabetes, 22:590-600, 1973.
KUZUYA, H.; BLIX, P.M. et al. — Determination of free and total

1974. p. 161-162

. ZINGG, W.; RAPPAPORT, A.M. & LEIBEL, B.S. — Studies on

transhepatic insulin absorption. Can. J. Physiol. Pharmacol.,
64(3):231-234, 1986.

Arq. Bras. Endocrinol. Metabol. — Vol. 33, N° 1 — Margo, 1989 13



Artigo Original

Efecto de los contraceptivos hormonales
(Neocon y enantato de noretisterona)
sobre el metabolismo hidrocarbonado*

MANUEL LICEA PUIGT,

INTRODUCCION

La morbilidad por diabetes mellitus es
elevada en nuestro pais, asi lo confirman
estudios clinicos y epidemiologicos, el 1%
de la poblacion tiene una diabetes mellitus
conocida y el 2,8% presenta una toleran-
cia a la glucosa alterada (TGA)®. El pro-
blema es mas preocupante aun, si tenemos
en consideracion que en nuestra poblacion
existe una elevada frecuencia de mujeres
con alto riesgo de padecer diabetes y a la
gran difusion alcanzada en los ultimos afios
en el empleo de los contraceptivos hormo-
nales. Se puede aiiadir a lo antes sefialado,
los efectos indeseables sobre el metabolis-
mo hidrocarbonado y lipidico incriminados
a estos preparados@ 4. Estos argumentos
han motivado la confeccién de programas
preventivos encaminados a controlar los
factores capaces de favorecer el desarrollo
de la diabetes mellitus en grupes suscepti-
bles, es por ello nuestro interés en estudiar
los efectos que sobre el metabolismo hidro-
carbonado puede ocasionar los contracep-
tivos hormonales.

MATERIAL Y METODOS
Estudiamos un total de 63 mujeres en

edades comprendidas entre 21-40 anos, las
que fueron divididas en 4 grupos.

* Este trabajo fue subvencionado en parte
por el Programa Especial de Reproducion
Humana de la Organizacion Mundial de la
Salud (Proyecto N° 77170}

1. Especialista de 2do. Grado en Endocrino-
logia. Investigador titular. Responsable del
Centro Diurno del Centro de Atencion al
Diabético. Instituto Nacional de Endocrino-
logia.

2. Candidato a doctor en Ciencias. Especia-
lista de 2do. Grado en Bioquimica Clinica.
Jefe del Laboratorio del Instituto Nacional
de Endocrinologia.

3. Doctor en Ciencias Médicas. Especialista
de 2do. Grado en Endocrinotogia. Profesor
titular de Medicina Interna de la Universi-
dad de La Habana. Director del Instituto
Nacional de Endocrinologia.
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Grupo I constituidas por 20 mujeres en
normopeso a las que se les administr6 enan-
tato de noretisterona (EN-NET) durante 1
afio. Grupo II formado por 14 mujeres en
normopeso las que recibieron un contracep-
tivo oral combinado (COC)—Neocon—por
1 afio. Grupo III constituido por 14 muje-
res obesas las que recibieron tratamiento
con EN-NET. Grupo 1V formado por 15
mujeres obesas que fueron tratadas con
Neocon.

El EN-NET utilizado en esta investiga-
cion, se presenta en ampulas de solucién
oleosa (bencilbenzoato y aceite ricino)en el
rango de (6:4) de lcc, la que contiene 200
mg de EN-NET. La.aplicamos por via in-
tramuscular (IM) profunda cada 2 meses
por 1 afio, del primero al quinto dia del ci-
clo menstrual; independiente de que las pa-
cientes presentasen ausencia de sangrado o
irregularidades del mismo. Este tratamiento
se mantuvo por un periodo de 1 afio. El
Neocon empleado se presenta en tabletas
que contienen 1mg de noretisterona y
35mcg de etinilestradiol, en sobres de 21 ta-
bletas. Se administré durante 21 dias a par-
tir del quinto dia del ciclo menstrual. Las
usuarias debian esperar la ‘‘hemorragia’’
de “‘retiro’’ para repetir el régimen terapéu-
tico. De no presentarse sangrado, comen-
zaban de nuevo a tomar las tabletas al sép-
timo dia después de terminar la iltima do-
sis. Ningun caso tenian antecedentes de
trastornos menstruales, enfermedad croni-
ca, tromboembolica, diabetes mellitus, hi-
perlipoproteinemias y otras endocrinopa-
tias. Todas eran mujeres sanas. Conside-
ramos obesas a todas aquellas con un peso
corporal mayor del 20% de su peso ideal

-segun su talla.

A todos los pacientes se les realizé an-
tes de iniciar el estudio y a los 4, 8 y 12 me-
ses de tratamiento una prueba de toleran-
cia oral a la glucosa PTG-O (ingestion de
75g de glucosa), con determinacion de gli-
cemia e insulinemia a los 0, 30, 60, 120 y
180 minutos y una prueba de tolerancia a
la glucosa endovenosa (PTG-EV), adminis-
trando una-solucion de glucosaEVa razén
de 0,60g/kg, con determinacion de glice-
mia e insulinemia a los 0, 2, 5, 10, 20, 30,
40, 50 y 60 minutos. La insulinemia se de-
termind por radioinmunoensayo segun el

ANTONIO CLARO LOPEZ2, OSCAR MATEQO DE ACOSTA FDEZ3

método de doble anticuerpo de Hales y
Tandle®). El drea bajo la curva de gluco-
sa e insulina se hallo por integracion tra-
pezoidal para puntos discretos. El indice in-
sulinogénico lo determinamos por la rela-
cion existente entre las dreas bajo la curva
de insulina y de glucosa. Se evalud también
el indice de utilizacion de la glucosa (indi-
ce K). La glicemia se determin6 por el mé-
todo de la glucosa oxidasa en un autoana-
lizador Technicon MT I1. ,
Para el andlisis estadistico de los resulta-
dos se procedié de forma descriptiva a tra-
vés de medias aritméticas (X) y el error.
standard de la media (ESM) y de forma in-
firencial, mediante la prueba de ‘‘t’’de Stu-
dent para muestras pareadas e independien-
tes, comparandose los grupos correspon-
dientes. Se ¢onsider¢ significativo una p <
0,05. Para el procedimiento de los datos se
utilizé una computadora IBM-PC.

RESULTADOS
Grupo I: EN-NET-normopeso

En la PTG-O los valores de glicemia se
mantuvieron normales durante todo el pe-
riodo de observacidn de 1 afio. La insuli-
nemia a los 30’ fue de 73,0 + 1,49,U/ml,
aumentando significativamente (p < 0,02)
a los 12 meses de tratamiento a 101 *
1,48uU/ml. A los 120’ el valor pretrata-
miento fue de 58,9 + 1,5uU/ml aumentan-
do significativamente (p < 0,05) a 93,0 =
1,82uU/ml-a los 4 meses. A los 180’ las ci-
fras iniciales de insulina fueron de 2,40 +
0,77pxU/ml incrementdndose significativa-
mente (p < 0,05) a 42,0 + 1,41pU/ml a
los 8 meses (Fig. 1).

El area total de insulina partia antes del
tratamiento de 10,2 *+ 0,49 aumentando
significativamente (p < 0,05) a 13,9 =
0,63 a los 4 meses y un 13,3 £ 0,56 a los
12 meses também de forma significativa (p
< 0,05).

El indice insulinogénico tenia un valor
inicial de 2,65 + 0,29 y aumento significa-
tivamente a los 8 meses (p < 0,05) a 5,49
* 0,57 y a los 12 meses a 7,05 * 0,71 (p
< 0,05) (Cuadro 1).

En la relacién con la PTG-EV hallamos
un aumento significativo de la glicemia a
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Fig. 1 — Efectos del EN-NET sobre los niveles plasmaticos de glucosa e insulina en mujeres en
normopeso (Grupo ).
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Fig. 2 — Efectos del Neocon sobre los niveles plasmaticos de glucosa e insulina en mujeres en
normopeso (Grupo ).
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partir de los 8 meses en ayuna (p < 0,05)
y a los 5’y 10’respectivamente(p- < 0,02).
La insulinemia mostré un incremento sig-
nificativo a partir de los 4 meses de trata-
miento lo que se mantuvo hasta los 12 me-
ses. Ello ocurrié a los 5’ y 10’ y a partir
del octavo mes a los 20’ y 30°. El indice K
partio de 1,86 * 0,17 y se incrementd sig-
nificativamente (p < 0,05)a 2,3 = 0,19 a
los 4 meses, a 2,44 + 0,20 a los 8 meses (p
< 0,02) y a 2,79 + 0,27 a los 12 meses (p
< 0,02) (Cuadro 2, Fig. 1).

Ningun caso se hizo intolerante a la glu-
cosa durante el afio de observacion.

Grupo II: Neocon-normopeso

Los valores de glicemia e insulinemia se
mantuvieron sin cambios significativos du-
rante la PTG-O a todo lo largo del perio-
do de observacion de esta investigacion
(Fig. 2). Tampoco el area total de insulina
ni el indice insulinogénico mostraron cam-
bios significativos (Cuadro 1).

La glicemia durante la PTG-EV aumen-
té significativamente a los 4 meses (p <
0,05), a los 8 meses (p < 0,02) y a los 12
meses (p < 0,05). A los 5’ el valor de la
glicemia antes del tratamiento fue de 207
* 139mg/dl el que se incrementé signifi-
cativamente (p < 0,02) a 237 * 1,66mg/dl
a los 4 meses, a 252 + 1,39mg/dl a los 8
meses (p < 0,001) y a 238 = 1,87mg/dl a
los 12 meses (p < 0,05). A los 10’ el au-
mento significativo de la glicemia se obser-
vO a los 8 meses (p < 0,01) y alos 20’ a
los 8 meses (p < 0,05). La insulinemia fue
mds elevada significativamente (p < 0,02)
al final del estudio (Fig. 2).

El indice de utilizacion de la glucosa (in-
dice K) no mostr6 cambios evolutivos sig-
nificativos (Cuadro 2).

El 61% del total de los casos aumenta-
ron los valores de glicemia al comparar las
cifras basales y al afio s6lo 1 paciente se hi-
zo intolerante a la glucosa.

Grupo III: EN-NET-obesas

Durante la PTG-O la glicemia aumen-
to significativamente (p < 0,05) a los 180’
al cabo de 12 meses de tratamiento. La in-
sulinemia en ayuna pretratamiento fue de
15,6 £0,53uU/ml, aumentando significa-
tivamente (p < 0,02) a 23,4 + 0,37U/ml
a los 4 meses, a (p < 0,05 28,0 =
1,34uU/ml a los 8 meses y a (p < 0,05) 25,0
1 2,1pU/ml a los 12 meses (Fig. 3).

El drea total de insulina no mostré mo-
dificaciones evolutivas, no asi el indice in-
sulinogénico que fue de 2,27 = 0,33 en el
periodo pretratamiento y se incrementé
significativamente (p < 0,05) a 4,75 +
0,57 alos 4 mesesy a (p < 0,02) 14,96 *
1,24 a los 8 meses de evolucion (Cuadro 1).

La PTG-EV evidencié un incremento
significativo de la glicemia (p < 0,05) a los
4 meses, en los tiempos 30°, 50’ y 60°. La
insulinemia no mostro cambios durante to-
do el afio de tratamiento (Fig. 3).

El indice de utilizacién de la glucosa (in-
dice K) fue al inicio de 1,76 = 0,20 y se in-
cremento significativamente (p < 0,05) a
los 4 meses a 2,47 + 0,26 y a los 8 meses
(p < 0,05) a 2,50 = 0,29 (Cuadro 2). En
este grupo el 77% de los casos aumenta-
ron los niveles de glicemia al final del afio.
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CUADRO 1
Area total de insulina e indice insulinico en mujeres tratadas con EN-NET y Neocon por 1 afio

Area total de insulina (xU/ml x 180 minutos x 10-3)

Antes del tratamiento 4 meses 8 meses 12 meses
N X DS ESM X DS ESM X DS ESM X DS ESM
EN-NET-normopeso 20 10,2 4,9 0,49 139+ 7.9 0,63 12,3 7,1 0,59 13,3" 6,3 0,56
Neocon-normopeso 14 11,7 6,8 0,69 10,7 7,0 0,71 10,2 6,9 0,70 13,6 7,6 0,74
EN-NET-obesas 14 12,3 7.5 0,73 14,1 8,3 0,77 15,9 11,2 0,89 13,2 5,2 0,61
Neocon-obesas 15 16,5 7.5 0,71 18,8 10,2 0,82 17,5 8.9 0,77 16,7 10,6 0,84
indice insulinogénic‘o {uU de insulina x mg de glucosa)
EN-NET-normopeso 2.0 2,65 1,69 0,29 3,49 3,03 0,39 549" 6,6 0,57 7,05* 10,2 0,71
Neocon-normopeso 14 2,08 0,97 0,26 0,12 3,34 0,49 2,81 2,07 0,38 6,16 9,22 0,81
EN-NET-obesas 14 2,27 - 1,489 0,33 4,73* 4,568 0,57 14,96** 21,45 1,24 3,43 2,50 0,42
Neocon-obesas 15 2,89 2,83 0,43 283 1,69 0,34 2,13 1,60 0,33 5,43 7,66 0,71
*p < 0,05
Tt p < 0,02
i CUADRO 2
indice K en mujeres tratadas.con EN-NET y Neocon durante 1 afio
Antes del tratamiento 4 meses 8 meses _ 12 meses
N X DS ° ESM X DS ESM - X DS  ESM X DS ESM
EN-NET-normopeso 20 1,86 0,6 0,17 23* 0,7 0,19 2,44** 0,82 0,20 2,79*° 1,44 0,27
Neocon-normopeso 14 1,87 0,52 0,18 1,81 0,69 0,22 2,02 0,79 0,24 1,90 0,61 0,21
EN-NET-obesas 14 1,76 0,58 0,20 2,47° 0,94 0,26 2,50* 1,2 0,29 2,30 1,48 0,33
Neocon-normopeso 15 2,19 1,2 0,28 1,64 0,656 0,21 1,80 0,71 4,22 1,72 0,64 0,21
*p < 0,05
**p < 0,02

Se comprobé en un paciente una intoleran-
cia a la glucosa y otro desarrollo una dia-
betes mellitus. '

Grupo 1V: Neocon-obesas

La glicemia y la insulinemia durante la
PTG-O no evidenciaron modificaciones
significativas, tampoco mostraron cambios
significativos el drea total de insulina ni el
indice insulinogénico (Fig. 4, Cuadro 1).

La glicemia durante la PTG-EV no mos-
traron cambios significativos. La insuline-
mia se incremento significativamente (p <
0,05) a los 12 meses de tratamiento en los
tiempos 40°, 50’ y 60’ (Fig. 4).

El indice de utilizacion de la glucosa (in-
dice K) no mostré cambios evolutivos sig-
nificativos (Cuadro 2).

En el 57% de los casos aumento la gli-
cemia al final del tratamiento, tres pacien-
tes se hicieron intolerantes a la glucosa.

NITHN ng/ 8

DISCUSION

Encontramos en la literatura médica
gran numero de publicaciones en relacion
con los efectos metabodlicos de los COC,
8), sin embargo son menores los trabajos
en relacion con los progestagenos de larga
duracion.

La mayoria de los informes en relacion
con el EN-NET, progestdgeno inyectable
de larga duracién analizan cortos periodos
de tiempo. Dhall et al.©. 13) y Howard et
al.00 plantean que 200mg intramuscular
de EN-NET a corto plazo no produce ele-
vacién de la glicemia. Diaz(!D,utilizando

g.3 Efcctos del EN-MET sobre log niveles plasmaticoe do glucoea o insulina en mujsres obe- 200mg intramuscular ¢ada 2 meses, tam-
sas (Grupo lI). poco encontré cambios significativos en las

HImEsA /0
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Fig. 4 -— Efectos del Neocon sobre los niveles plasmaticos de glucosa e insulina en mujeres obe-

sas (Grupo V).

cifras de glicemia, si bien ello se logré me-
diante un incremento de la insulinemia. Re-
sultados similares han sido comunicado por
Andino(!2, Virutamasen et al.(!3) observa-
ron un incremento marcado de la glicemia
a los 30 minutos después de una PTG-O,
aunque el drea bajo la curva sé mantuvo
normal.

~ En las mujeres normopeso tratadas por
nosotros con EN-NET muestran un dete-
rioro del metabolismo hidrocarbonado ex-
presado por un hiperinsulinismo estadisti-
camente significativo, en particular durante
la PTG-EV. El aumento significativo del
drea total de insulina y del indice insulino-
génico, nos hace pensar en un efecto directo
del EN-NET sobre las células beta del pan-
creas. La normalidad observada en la gli-
cemia y en la constante de desaparicién de
la glucosa (indice K) puede explicarse por
el incremento de los valores de la insuline-
mia. Un paciente de este grupo se hizo in-
tolerante a la glucosa seguin los criterios de
la Organizacion Mundial para la Salud —
OMSU4), :

Las mujeres obesas tratadas por noso-
tros con EN-NET observamos que aparen-
temente se produjeron cambios minimos en
los valores de insulinemia durante la PTG-
Oy la PTG-EV. El andlisis individual de
estos casos evidencia que el 77% de ellos
presentaron aumento de los niveles de gli-
cemia en ayuna al comparar los resultados
pretratamiento con los del final del estu-
dio (al afio), por otra parte un paciente se
hizo intolerante a la glucosa y otro franca-
mente diabético. Es posible valorar que es-
tas mujeres pudiera producirse cierto gra-

do de agotamiento de las células beta y pan-
creas, si tenemos en consideracién que las
mismas ya son hiperinsulinémica por su
condicion de obesa, ya que las mismas par-
ten de cifras basales de insulina mayores
que las normopeso. Todo lo anteriormen-
te sefialado habla a favor de un deterioro
del metabolismo hidrocarbonado. Por otra
parte pudiera cuestionarse si el EN-NET
ejerce ademds alguna accion sobre los re-
ceptores tisulares para la insulina alteran-
do su nimero y/o afinidad o facilitando
la formacién de complejos que inactiven la
insulina determinando una insulina
resistencia(lt, 1517, ]

En un estudio realizado en nuestra Ins-
titucion utilizando acetato de norétistero-
na, se comprobd que este era capaz de pro-
vocar un aumento de la insulinemia por un
efecto directo sobre el pancreas(8),

Los progestagenos inyectables de larga
duracidn difieren giandemente ensus ni-
veles sanguineos, dependiendo del sitio de
la inyeccion, su absorcion y metabolismo,
lo que pudiera explicar en parte su varia-
bilidad en los efectos métabdlicos
informadost9,

En un estudio epidemiolégico realizado
€n nuestro pais se comprobo que de un to-
tal de 27 pacientes diagnosticados de into-
lerantes a la glucosa por PTG-O, al cabo
de 10 afios, 14 se mantuvieron igual, 7 se
hicieron diabéticos y 6 normalizaron la
PTG-O. Se encontro ademds que de 13 ca-
sos limitrofes, 3 se mantuvieron en igual
condicion, 3 desarrollaron una diabetes y
4 normalizaron la PTG-O en igual perio-
do de tiempo. De los 50 casos utilizados co-
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mo controles, un total de 11 pasaron a la
condicion de limitrofe, 1 a la categoria de
diabético y los 30 restantes se mantuvieron
sin variaciones0. En una investigacion
realizada en Sedford en 241 pacientes con
intolerancia a la glucosa séguidos durante
10 aiios, se comprobo empeoramiento del
trastorno del metabolismo hidrocarbona-
do en el 53%'y un 15% desarrollaron una
diabetes mellitus@), Parece ser que los su-
jetos con grado variable de tolerancia
a la glucosa alterada pueden cam-
biar de categoria como parte de la historia
natural del sindrome diabético.

Los estudios antes sefialados plantean
la duda, si el deterioro de la tolerancia a
la glucosa en las mujeres que utilizaron EN-
NET pudiera ser parte de la historia natu-
ral del sindrome diabético. Sin embargo
opinamos que el factor medicamentoso, en
estos casos, precipité dicho deterioro, ade-
mads si tenemos en consideracion que el pe-
riodo de observacion de nuestro estudio fue
solo de 1 ano y que algunas de ellas agra-
varon su intolerancia en pocos meses.

En el curso del tratamiento con COC se
han descrito alteraciones importantes en los
niveles de glicemia, los cuales pueden dar
lugar a una curva de tolerancia a la gluco-
sa de tipo diabético. También ha sido des-
crito que estas alteraciones pueden acom-
panarse de aumento de los niveles de insu-
lina plasmadtica. El principal punto de dis-
cusion en relacion con los COC radica en
cudl de los elementos incluidos en el com-
puesto oral es el responsable de estas alte-
raciones (estrégeno/progestdgeno)yenqué
medida influye su composiciéon y dosis.
Otro aspecto a tener en consideracion es de-
terminar hasta qué punto inciden factores
adicionales en estos trastornos como: obe-
sidad, antecedentes familiares de diabetes
mellitus, diabetes gestacional, entre otros.

En las mujeres normopeso tratadas por
nosotros con Neocon los niveles de glice-
mia sélo aumentaron significativamente a
los 8 y 12 meses de tratamiento en los tiem-
pos 10’ y 20’ y en ayuna a partir del cuarto
mes durante ta PTG-EV lo que fue muy si-
milar a lo observado en las normopeso tra- -
tadas con EN-NET. Aunque no compro-
bamos un incremento manifiesto de la in-
sulinemia. Estos resultados nos plantean la
duda de si los estrogenos serian los respon-
sables de la disminuctén del efecto poten-
cializador del EN-NET sobre la liberacion
de insulina o es la dosis del preparado usa-
do por nosotros. Sin embargo el 61% del
grupo de mujeres normopeso tratadas con
Neocon aumentaron evolutivamente los ni-
veles de glicemia y una paciente se convir-
tio en intolerante a la glucosa y otro en
diabético.

Las obesas tratadas con Neocon en el
57% de ellas se comprobo un aumento evo-
lutivo de las cifras de glicemia y tres de el-
las se hicieron intolerante a la glucosa.

Independientemente del efecto metabd-
lico de cada medicamento hay un hecho
que no ofrece duda en nuestros resultados
y es que las mujeres obesas, tanto las tra-
tadas con EN-NET como las que recibie-
ron Neocon, evolucionaron a un mayor de-
terioro del metabolismo hidrocarbonado al
compararlas con las normopeso. Nuestros
resultados nos hacen pensar si esta evolu-
cién se produce por ser la obesidad un fac-
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tor de riesgo de diabetes mellitus ?seria es-
ta la historia natural de una obesa indepen-
diente del tratamiento contraceptivo? 6 este
ultimo es el responsable de acelerar el de-
terioro del metabolismo hidrocarbonado?

Se necesitan estudios encaminados a esta -

direccion para poder responder estas inter-
rogantes.

RESUMEN

Estudiamos 63 mujeres en edades entre
21-40 anos, distribuidas en cuatro grupos.
Grupo I: 20 mujeres normopeso tratadas
con enantato de noretisterona (EN-NET)
200mg intramuscular cada 2 meses por 1

afno. Grupo l1: 14 mujeres normopeso tra-
tadas con un compuesto oral. combinado
Neocon (35mg de etinil estradiol + Img
noretisterona), por igual periodo de tiem-
po. Grupo l1I: 14 mujeres obesas tratadas

con EN-NET de igual forma que el Grupo -

Iy Grupo IV: 15 mujeres obesas tratadas
con Neocon por un afio. A todas se le rea-
liz6 PTG-O y PTG-EV antesy a 4, 8yl2
meses del tratamiento, con determinacion
de glicemia e insulinemia. El EN-NET de-
teriord el metabolismo hidrocarbonado en
las mujeres normopeso a expensas de un
hiperinsulinismo. En las obesas tratadas
con EN-NET aumento la glicemia en el
77% de los casos, al afio una de ellas se hi-
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Casuistica

Tumores do sistema nervoso simpatico

da supra-renal*

SERGIO LUIS AMANTEA!, MARIA LUCIA DE MARTINO!, JANE MARIA DA SILVA
ULBRICHZ, LIGIA MARIA BARBOSA-COUTINHOS3

INTRODUCAO

Os tumores originarios de células primi-
tivas da crista neural lotalizam-se mais fre-
qiientemente na medula da supra-renal® 5
12), O neuroblastoma constitui a forma
mais indiferenciada destes tumores. Por ser
de natureza embriondria aparece em idade
bastante precoce, inclusive na vida intra-
uterinat?), representando 50% das neopla-
sias neonatais®. Tem um pico de incidén-
cia por volta dos dois anos e aproximada-
mente 80% dos casos ocorrem em crian-
¢as abaixo dos cinco anos de idadet. 4. 12,
13, 16), Cerca de 70% dos pacientes com
neuroblastomas apesentam metdstases no
momento do diagnosticoU, 5 12,13), Formas
menos indiferenciadas, como ganglioneu-
roblastomas, sao pouco freqiientes.

O presente trabalho inclui o estudo de
quatro casos de tumores do sistema nervoso
simpdtico da supra-renal em pacientes do
HCSA, autopsiados no Departamento de
Patologia da FFFCMPA, no periodo de
1979-1984.

APRESENTACAO DOS CASOS
Caso 1

R.C., dois meses, sexo masculino, bran-
co. Ha 20 dias com dificuldade para eva-
cuar. Foi encaminhado ao HCSA por apre-
sentar gemidos intensos, distensdo abdomi-
nal e diarréia ha dois dias. A admissdo
(Reg. n? 7133/A) apresentava-se com sinais
de ma perfusiao periférica. Hepatoespleno-
megalia presente a palpa¢ido abdominal. Os
exames complementares da internagdo re-
velaram anemia importante, leucocitose
com desvio para a esquerda, plaquetope-
nia, tempo de protrombina e KTTP eleva-
dos. No estudo radioldgico do abdome

Trabalho realizado no Departamento de Pato-
logia da Fundagao Faculdade Federal de Cién-
cias Médicas de Porto Alegre (FFFCMPA).
1. Doutorandos da FFFCMPA.

2. Patologista do Hospital da Crianga Santo

Anténio (HCSA).

3. Professora adjunta da Disciplina de Pato-
logia da FFFCMPA e da UFRGS.
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Fig. 1 — Observa-se a supra-renal direita subs-
tituida por nédulo esferdide, pardo, aparente-
mente encapsulado, medindo 3,0cm de didme-
tro, com superficie de corte branco-acinzentada,
apresentando areas necroticas € hemorragicas.
O parénguima renal direito esta preservado.

observava-se acentuada hepatoesplenome-
galia. Evoluiu para o ébito 10 horas apds
a hospitalizagdo.

Achados macroscopicos (A. 42-79)

A supra-renal direita esta substituida
por nédulo esferdide, pardo-avermelhado,
pouco firme, aparentemente encapsulado,
medindo 3,9¢m de didmetro, com superfi-
cie de corte branco-acinzentada, com dreas
ora necroticas, ora hemorrdgicas (Fig. 1).
O figado apresenta miiltiplos nddulos me-
tastaticos, isolados ou fusionados. Ha dis-
seminagdo para linfonodos peripancredti-
cos que estdo aumentados de volume, cin-
zentos € pouco firmes.

i

Caso 2

M.C.S., 45 dias, sexo feminino, bran-
ca. Nascida de cesareana, a termo, Apgar
9 ¢ peso ao nascimento de 3.350g. Gravi-
dez transcorrida sem intercorréncias. Apos
0 nascimento passou a apresentar ictericia
¢ hepatoesplenomegalia importantes, sen-
do por isso encaminhada ao HCSA. A ad-
missdo (Reg. n® 050998/A), no terceiro dia
de vida, apresentava-se ictérica, com figa-
do a Scm do rebordo costal direito e bago
palpavel. Os exames complementares da in-
ternagdo comprovavam a ictericia (bilirru-
bina total — 11,5mg/dl, bilir. direta —
3,0mg/dl). O estudo radiologico simples de
abdome exibia hepatoesplenomegalia. Cli-
chés radiologicos de cranio e ossos longos
sem particularidades. Submetida a dois dias
de fototerapia, regredindo o quadro icté-
rico clinica e laboratorialmente. Durante a
investigacao foi acometida por intercorrén-
cias hospitalares (broncopneumonia, gas-
troenterite) que comprometeram seu esta-
do geral. Um novo estudo radiolégico do
abdome evidenciou calcificagdes retrope-
ritoneais com persisténcia da hepatoesple-
nomegalia. A urografia miccional mostra-
va uma bexiga volumosa e hipotdnica. Na
urografia excretoria havia auséncia de opa-
cificagao pielocalicinal e dos ureteres. Evo-
luiu mal, indo ac 6bito no 42° dia de hos-
pitalizagdo.

Achados macroscopicos {A. 172-79)

Em situagdo anat6mica da supra-renal
direita observa-se massa nodular bem de-
limitada, aparentemente encapsulada,
branco-acinzentada, com areas hemorragi-
cas, pouco firme, medindo 8,5 x 8,0 x
4,5cm (Fig. 2). Esta mostra-se aderida ao
ligamento coronario do figado, comprime
sem invadir a cabega do pancreas, rim di-
reito, aorta e veia cava inferior. Ao corte,
mostra-se pardo-avermelhada, de aspecto
necrotico. Ha disseminagfo metastdtica pa-
ra linfonodos mediastinais e periadrticos.
O figado exibe, ao corte, multiplos nddu-
los pequenos, avermelhados, bem delimita-
dos, medindo o maior 1,5cm de didmetro.

Pedidos de separata: Prof® Ligia Maria Barbosa-Coutinho — Departamento de Patologia da
FFFCMPA — Rua Sarmento Leite, 245 — 30000 — Porto Alegre-RS.
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Caso 3

J.P.S., quatro anos, sexo feminino,
branca. Ha cinco meses com massa abdo-
minal de crescimento gradativo. Sem v6-
mitos ou alteragdes do habito intestinal. A
admissdo (Reg. n® 022967/A) apresentava-
se prostrada, emagrecida, com ascite (cir-
cunferéncia abdominal: 65¢m), circulagido
colateral visivel e hepatomegalia. Na regido
lombar direita e flanco direito foi palpada
uma massa de bordos lisos, fixa e indolor.
Os exames complementares da internagao
revelaram discreta anemia e velocidade de
hemossedimentag¢ido elevada. A dosagem
do 4acido vanilmandélico urindrio estava
normal (7,6mg/ 24 horas). O estudo radio-
16gico do térax demonstrava derrame pleu-
ral a direita. No RX de abdome observava-
se grande massa em hemiabdome direito.
A urografia excretdria era visivel massa ex-
pansiva em rim direito, que deformava ca-
lices € ultrapassava a linha média. Ng oi-
tavo dia de internagio iniciou protocolo pa-
ra tumor de Wilms. Nio respondeu a tera-
péutica, indo ao Obito no 22° dia de hos-
pitalizagao.

Achados macroscépicos (A. 204-81)

A supra-renal direita foi substituida por
volumosa massa cinzento-avermelhada, fir-
me, medindo 17,5 x 15,0 x 9,0cm. Esta in-
vade e comprime o rim, pelve renal, ure-
ter, tecido adiposo perirrenal adjacente,
. pancreas, epiploo, serosa do jejuno, aorta
e veia cava inferior. O processo desloca as
estruturas da loja renal oposta para a es-
querda, sem comprometé-las (Fig. 3). A su-
perficie de corte mostra-se cinzento-
amarelada, fosca, com extensas zonas de
necrose € outras de hemorragia. Ha nodu-
los metastaticos na face inediastinal do dia-

Fig. 2 — Observa-se, em situagdo anatdmica
da supra-renal direita, uma massa nodutar, bem
delimitada, aparentemente encapsulada,
branco-acinzentada, com areas hemorragicas,
medindo 8,5 x 8,0 x 4,5cm.

20
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Fig. 3 — Superficie de corte de volumosa massa abdominal cinzento-amarelada, firm'e, na regido
correspondente a supra-renal direita, medindo 17,5 x 15,0 x 9,.Ocvm. Observam-se areas de ne-
crose, hemorragia e focos de calcificagdo. Ha invaséo do rim direito, pelve re_anal, ureter, Atemdo
adiposo perirrenal adjacente, pancreas, epiploo, serosa do jejuno, aorta e veia cava inferior. As
estruturas da loja renal oposta estdo deslocadas para a esquerda e aparentemente preservadas.’

fragma e no pericardio, o maior deles me-
dindo 2,7 x 1,5cm. Linfonodos carinais e
mesentéricos também estdo comprometidos.

Caso 4

M.R.C., quatro meses, sexo feminino,
branca. Ha cinco dias com tosse, febre e
dispnéia. A admissiao (Reg. n® 002155/A)
encontrava-se prostrada e gemente, com si-
nais de disfun¢do respiratoria. A ausculta
pulmonar apresentava um murmurio vesi-
cular rude, com sibilos e roncos bilaterais.
Era portadora de genitalia ambigua e vi-
nha mantendo acompanhamento para hi-
perplasia congénita da supra-renal, fazen-
do uso de corticoterapia. Os exames com-
plementares da interna¢do demonstravam
leucocitose com desvio para a esquerda, os
eletrélitos estavam diminuidos e na gaso-
metria arterial observou-se hipoxemia. O
cstudo radiologico do torax apresentava hi
perexpansao pulmonar e algumas consoli-
dagdes. Sofreu piora no seu estado geral,
com sofrimento respiratorio, indo ao obi-
to no terceiro dia-de hospitalizagéo.

Achados macroscopicos (A. 29-82)

Supra-renal esquerda cinzento-amare-
lada, elastica. Ao corte, apresentava peque-
no nodulo bem delimitado, cinzento-ama-
relado, firme, medindo 0,9cm de didmetro
(Fig. 4).

Achados microscopicos

No estudo histolégico dos trés primei-
ros casos, observa-se neoplasia constitui-
da pela proliferagdao de pequenas células,
com escasso citoplasma e niicleos pleomor-
ficos ou redondos, hipercromaticos. Estas

= k. AL -
e

Fig. 4 — Observa-se superficie de corte da
supra-renal esquerda, que apresenta pequeno
ndduto, bem delimitado, cinzento-amarelado,
firme, medindo 0,9cm de didmetro.

células dispdem-se em massas ora compac-
tas, ora delimitadas por septos de tecido
conjuntivo. O tecido tumoral exibe a for-
magdo de rosetas. Convém salientar, no
terceiro caso, 0 comprometimento micros-
copico da supra-renal esquerda, que ao exa-

- Me macroscopico parecia manter-se preser-

vada da infiltragao tumoral. O diagnosti-
co foi de neuroblastoma, nestes trés casos.
No quarto caso observa-se neoplasia com

Arq. Bras. Endocrinol. Metabol. — Vol. 33, N° 1 — Margo, 1989




dreas ora apresentando alta celularidade e
células pequenas, ora exibindo elementos
ganglionares maduros. O diagnostico nes-
te caso foi de ganglioneuroblastoma.

COMENTARIOS

A faixa etaria dos pacientes estudados
variou de 45 dias a quatro anos de idade,
fato que coincide com os dados da litera-
tura, onde encontramos mais de 80% dos
casos com mgnos de cinco anos de idade®
12, Neuroblastomas sdo tumores que se
caracterizam por apresentar uma grande
variabilidade na forma com que se mani-
festam clinicamente(. 3. 12, 14), O sinal mais
freqiiente (cerca de 30% dos casos) é a pre-

senga de massa ou distensao abdominal(!-

12, 14, A 'massa palpavel estd na maioria
das vezes localizada no flanco e, geralmen-
te, se estende em diregdo ou além da linha
média, como em um dos pacientes. aqui
estudados®). Na totalidade dos neuroblas-
tomas de nossa série havia comprometi-
mento metastdtico a distdncia. Cerca de
70% dos pacientes com esta patologia apre-
sentam metdstases antes do diagnostico
clinicoft.5.12. 13), O padrdo metastatico, va-
ridvel com a idade, ¢ responsavel pelas di-

ferentes formas de manifesta¢do da doen-
¢a. Nas criangas menores de dois anos as
metastases mais comuns sdo para figado,
0ssos e tecido subcutdneo. Nas maiores de
dois anos a localizagdo ossea ¢ freqiiente(s.
12, Nosso 1nico caso nesta faixa etdria
ndo apresentava esta forma de comprome-
timento. A bilateralidade do tumor é rara,
podendo ser atribuida a um crescimento de
origem multicéntrica ou mais freqiiente-
mente, como no caso 3, de uma invasio
metastdtica. A avaliagdao dos metabélitos
das-catecolaminas excretadas € de alta fi-
delidade diagnostica, mas ndo absoluta, co-
mo observamos no terceirq caso. A dosa-
gem do dcido vanilmandélico (VMA) estd
aumentada em 71% dos casos e a do dcido
homovanilico (HVA) em 75%; portanto,
para que alcancemos um indice de positi-
vidade superior a 80%, os dois metaboli-
tos devem ser dosados concomitantemen-
te@ 9 13, 15 Com a dosagem simultinea
poderemos também estabelecer um indica-
dor progndstico através da relagdo
VMA/HVAG. 9. 10, A investigagdo radio-
l6gica pode demonstrar em 50% dos casos
microcalcificagdes retroperitoneais, como
no caso 2(). Quando a invasdo do parén-
quima renal for extensa, os critérios de di-
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Os autores relatam quatro casos de tu-
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FFFCMPA. O diagnostico definitivo foi es-
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Revisao

Review: the insulin receptor: its
distribution and physiological properties.

Part 1l

BERNARDO LEO WAJCHENBERG, ANTONIO CARLOS LERARIO

PHYSIOLOGICAL PROPERTIES OF
THE INSULIN RECEPTOR — PART I

In the first part of the article® we pre-
sented some of the physiological properties
of the insulin receptors: A. The reversibi-
lity and rapidity of the insulin binding. B.

The finite number of insulin receptor sites’

on the cell. C. The high affinity of the in-
sulin receptors for the hormone.

In this part of the review we are conclu-

ding the remaining important physiologi-
cal properties of the insulin receptors as
follows:

Binding site specificity

This is the major characteristic of the
- functional definition of the receptor. A sin-
gle hormone receptor binds only one type
of hormone and binding of the hormone
to this site can be correlated to the biologi-
cal activity of the hormone. These proper-
ties are demonstrated by showing that the-
re is competition for binding of labeled hor-
mone to the receptor only by unlabeled
substances which are related to that hormo-
ne and more specifically, that the relative
potency of hormone analogues to compe-
te for the binding sites is in direct propor-
tion of their bioactivities®. Analysing over
40 insulin analogues it was found in every
case a close correlation between the affinity
of the analogue for the insulin receptor and
its biological activity in all cells tested 9.

However, somatomedin C (insulin-like
growth factor IGF-1) possesses structural
and functional homology with insulin ef-
fect, IGF-1 is one chain polypeptide with
molecular weight of 7,646 daltons. It con-
sist of an A-, B-, C-, and D- domain. Large
parts of the sequence within the A- and B-
domains are homologous to the A- and B-
chain of human proinsulin. This sequence
homology is 43% for IGF-1. No sequence
homology exists between the C-domain of
IGFs (I and II) and the C-peptide region

Da Disciplina de Endocrinologia, Hospital das
Clinicas — FMUSP.
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of human proinsulin. In addition, the
carboxyl-terminal extension (D- domain) is
a typical structural feature of IGFs 52 which
is not shared with proinsulin®. IGF-I re-

. ceptor appears to have a structure homo-

logous to that of the insulin receptor with
a-and B-subunits, one of which binds the
hormone and the other undergoes tyrosine
phosphorylation®®.

On the other hand, the other insulin-like
growth factor IGF-1I (presenting a m. wt
of 7,471 daltons and having sequence of ho-
mology of 41% with A- and B- chains of
proinsulin® receptor, is a single polypep-
tide chain of m. wt. 260,000 daltons and
does not appear to be a tyrosine kinase(”.

The IGFs are capable of mimicking all
metabolic effects of insulin. However, in-
sulin is probably involved in generating me-
tabolic responses whereas the IGF receptors
are responsible for growth effects®.

The acute effects of IGF-I (and 1) are
observed in typical insulin target tissues:
adipose tissue, striated and heart muscle
and osteoblast — like cells from rat
calvaria®. The long-term (slow) effects of
the IGFs are directed mainly towards an
enhancement of cell differentiation and
proliferation®. All' of these effects are
mainly mediated by the IGF-I receptor.

Whereas IGF-1 appears to be a major -

anabolic hormone responsible for media-
ting the growth hormone message on
growth and differentiation, insulin acts in
a complementary fashion by acutely pro-
viding and regulating the fuel for these

processes® we usually do not see acute .

insulin-like effect of IGFs on glucose ho-
meostasis, as hypoglycemia, because con-
tinuously delivered IGFs equilibrates with
the carrier proteins, and free IGF is not pre-
sent in the circulation, except when the bin-
ding capacity of carrier proteins is tempo-
rarily overriden so that free IGF can reach
insulin of IGF-I receptors at sufficiently
high concentrations eliciting the acute in-
sulin-like effects.

The role of the receptors for insulin and
IGFs in these metabolic and growth promo-
ting responses in however uncertain. Insu-
lin, IGF-1 and IGF-II bind to all three cor-
respondent receptors with differing affini-
ties: insulin has a high affinity for the in-
sulin receptor, a low affinity for the IGF-1

receptor and almost no affinity for the IGF-
11 receptor. For IGF-II the converse is true,
whereas IGF-I has a moderate affinity for
all three receptor types®. The metabolic
responses of all three peptides correlate well
with their affinity for the insulin receptor.
In contrast, the growth-promoting effects
of these peptides correlate better with their
affinity for the IGF-1 and IGF-1I receptors.

The use of a monovalent fragment of an
antibody to the insulin receptor allowed the
separation of the from metabolic growth
promoting effects of the IGFs. This frag-
ment blocks the binding of insulin and IGF
to the insulin receptor, thus blocking the
metabolic response of both insulin and
IGFs but not the ‘growthpromoting acti-
vity of either of these peptides, suggesting
that the latter effects are mediated via one
of the IGF receptorst!.

Furthermore, data in rat adipocyte sug-
gest that insulin receptor and IGF-I1 recep-
tors interact at a molecular level, so that oc-
cupancy of the insulin receptor increases the
affinity of the IGF-1I receptor for IGF-
1I®. Recently Czech and associates!? ha-
ve demonstrated that insulin binding to its
receptor inhibit IGF-1I phosphorylation in
the plasma membrane leading to a delay in

_its internalization then increasing the resi-

dency time of IGF-II receptors in the cell
membrane. In addition, these AA showed
a great similarity between insulin regulation
of IGF-II receptors and glucose transpor-
ters suggesting that the mechanism presen-
ted may also apply to glucose transporter
regulation by insulin.

Subcellular localization of insulin receptors

It has been demonstrated by direct stu-
dies of labeled insulin binding to intact cells
and by the finding that the receptor con-
centration is enriched 30-100 fold during
purification of the plasma membranes that
the receptors are in their highest concentra-
tion on the plasma membrane of the
cell®, On the plasma membrane itself, the
receptors are not homogeneously distribu-
ted, in some areas being diffusely distribu-
ted. However it was recently shown that
125-I-insulin binds preferentially to the mi-
crovillous structure on the surface of the ef-
fector cells which present microvilli (cultu-
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red human lymphocytes and hepatocytes)
and(or) in specialized areas of the cell mem-
brane called coated pits which coat is ma-
de up of a protein called “clathrin”d3,
Polypeptide hormones such as insulin
though initially preferentially localized in
coated pits, are predominantly seen outsi-
de the coated pit, i., on undifferentiated
membrane, microvilli etc. Thus, for the
‘polypeptide hormones, several lines of evi-
dence suggest that binding of the hormo-
ne to its receptor induces mobility of the
hormone-receptor complex. However, it is
also possible that the unoccupied receptor
is also freely mobile in the plane of the plas-
ma membrane but when occupied it can be
directly shown that the ligand-receptor
complex is mobile!®, Recent observations
suggest that the hormone-receptor complex
moves in the plane of the membrane from
the villous surface to the nonvillous and
coated-pit areas, from where they are inter-
nalized. These data are consistent with the
idea that the affinity for insulin may be hig-
her for receptors in the nonvillous portion
of the membrane®?,

While at low temperatures the hormone-
receptor interaction remains predominantly
reversible, at 37 C, however, the hormone
becomes less dissociable from the cell mem-
brane as a function of time. In part, the-ir-
reversibility is due to internalization of in-
sulin and its receptor by so-called adsorp-
tive pinocytosis or receptor mediated
endocytosis®™, Such process involves the
invagination of the plasma membrane, fu-
sion of the neck of the invagination and de-
tachment of the fused vesicle. If the inva-
gination contains the coated pit, it gives ri-
se to a coated vesicle which rapidly looses
its coat and become a larger non-coated ve-
sicle. Internalization provides a rapid means
of terminating a hormonal signal by remo-
ving the hormone from the surface and the
process appears to be widely aplicable to
many different polypeptide hormones. The
coated vesicle has a short half-life and the
next morphologic structure that is observed
is a -larger, clear noncoated vesicle or
endosome®®), Within these endosomal
structures, an ATP-dependent proton pump
generates an acidic pH (< 6.0) which faci-
litates rapid dissociation of insulin into the
intravesicular fluid compartment of the en-

dosome, leaving the receptor in the endo-
somal membrane(%). After dissociation,

the hormone and receptor physically segre-
gate to follow separate pathways. The in-
sulin remains dissolved in the fluid of the
endosome, the bulk of which is transpor-
ted forward to lysosomes and possibly other
intracellular vesicular compartments.
The insulin molecule is initially degra-
ded to intermediate products whose mole-
cular weight is close to that of insulin, but
the biologic and immunologic activities of
these intermediate products are greatly
reduced?, Although no biologic or regu-
latory function of these intermediate pro-
ducts has been identified, the possibilit
exists that such functions will yet be founcf.,
Regardless of the potential physiologic sig-
nificance of these products, they are highly
susceptible to proteolysis by peptidases
being degraded to small peptides or amino
acids which are then released from the
cell®s 1)1t is most likely that once insu-

lin enters the cells it is predominantly com-
mitted to terminal degradation to be relea-
sed as small molecular weight degradation
products.

The fate of the internalized insulin re-
ceptor is more complex. Some proportion
of the internalized receptor molecules can
be degraded by a chloroquine and NH,Cl
(lysosomal inhibitors) sensitive pathway
while the remaining receptors are recycled
back to the plasma membrane or be seques-
tered within the cell for a period of time(3.
The exact biochemical steps involved in the
processing and recycling of internalized re-
ceptors are currently unknown. While the
majority of the internalized insulin is ulti-
mately degraded, a significant portion
(20-30%) can be released intact from cells.
Most likely, this intact material is released
from cells during the process of receptor
recycling(®,

Although the initial internalization event
is clearly accelerated when receptors are oc-
cupied with insulin, the balance between
recycling, degradation and intracellular se-
questration appears to differ among cell
types. The relative magnitude of recycling,
degradation and sequestration of interna-
lized receptors modulates of final concen-
tration of cellular receptors and the propor-
tion of these receptors found on a cell sur-
face or the cell interior. It seems likely that
these events determine the acute effect of
insulin to downregulate its receptor and
thus regulate the sensitivity of the cell to
insulin. Longer term regulation of insulin
receptor number may involve alterations in
the rates of biosynthesis and grocessing of
newly synthesized receptors\),

The possibility that the internalized in-
sulin receptor (or a peptide product thereof)
serves as an intracellular second messenger

of insulin action is consistent with the re- -

cent demonstration that the B-subunit of
the insulin receptor contains tyrosine spe-
cific protein kinase activity. It is possible
that internalized receptors are specifically
directed to intracellular sites where they me-
diate phosphorylation reactions which eli-
cit some of insulin’s biologic effects.

While initial binding is primarily con-
trolled by the affinity for the receptor (K)
and the number of receptor sites (n, Ro) in-
ternalization of the ligand occurs as a cons-
tant function of the binding. Thus, binding
and internalization of insulin have a high
degree of :correlation and under normal
conditions the binding of insulin is one of
the important rate limiting determinants of
the internalization process4?. It is impor-
tant to mention that insulin receptors have
been reported on Golgi structures, nuclei
and endoplasmic reticulum. The binding si-
tes on these structures are similar to the
plasma membrane receptor with respect to
specificity for insulin and insulin analogues.
However, the nuclear binding site is diffe-
rent in several res&ects from plasma mem-
brane receptors(®, ,

Golgi receptors have been characterized
in detail both biochemically or morpholo-
gically and have very similar Properties to
plasma membrane receptorsd®. Golgi re-
ceptors probably derive from formation of
new receptors within the cell and from in-
ternalization of surface receptors to this
region®®, The synthesis of new receptors
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occurs on the rough endoplasmic reticulum,
being concentred in the Golgi and transfe-
red via Golgi vesicles and exocytosis to the
plasma membranes!?. While Gorden et
al."® were unable show that the hormone
that initially binds to the plasma membra-
ne subsequently becomes localized in defi-
ned Golgi elements, endoplasmic reticulum
or nuclei but a preferential localization to
lysosomes, Posner et al."? found the pri-
mary intracellular localization in the Gol-
gi elements and subsequently the transfer
of the internalized peptide to lysosomes.
The same AA®® also demonstrated that
the concentration of the peptide in lysoso-
mes was much lower than in Golgi elements
even in the presence of chloroquine given
to inhibit degradation.

The concentrative internalization of in-
sulin, very likely as hormone-receptor com-
plexes, to apparently true Golgi vesicles
prior to subsequent intracellular degrading
sites suggested to Posner et al.%9 a role for
insulin and other polypeptide hormones in
regulating Golgi function. Accordingly, it
has been recently indicated that the Golgi
complex is the main intracellular site whe-
re membrane and product traffic converges
and that one of the major functions of the
Golgi complex is to sort secretory, lysoso-
mal and membrane proteins during their
biogenesis and recycling granule membra-
nes and direct them to their correct desti-
nations. There is evidence that mannose-6-
phosphate groups constitute a “recognition
marker” which leads to the receptor-media-
ted sorting of lysosomal enzymes and their
subsequent delivery to lysosomes. There are
also indication suggesting that this sorting
event occurs on the convex, opposite (cis)
side of the Golgi from that (trans) side whe-
re (%)anule or receptor formation takes pla-
celé0),

Regulation of hormone receptor
concentration

Insulin receptors, like other membrane

-proteins, are turning over continuously and

the receptor concentration at any time re-
flects the net effect of receptor synthesis
and receptor degradation. In cultured hu-
man lymphocytes, which can generate in-
sulin receptors under certain conditions,
turnover of these receptors has been esti-
mated, by blocking synthesis with cyclohe-
ximide, to have at 1/2 of 3040 hours®@.
A variety of factors regulate the concen-
tration of insulin receptors. One major fac-
tor is the homone itself. Data from a va-
riety of animal and human disease models
have demonstrated an inverse relationship
between the serum or plasma concentration
of insulin and the concentration of its mem-
brane receptors (“down-regulation” of in-
sulin receptors). In effect, it was demons-
trated that, as in the case of the obese mou-
se, obese humans decrease their insulin re-
ceptors during periods of chronic hyperin-
sulinemia and the concentration returns to

normal when the blood insulin levels fall.

The receptors which remain appear to be
normal in the affinity for insulin, kinetics’
of association and dissociation, tempera-
ture dependeénce of binding, biological spe-
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cificit?' and negative cooperative interac-
tions®™.

Direct evidence that high insulin levels
caused a decrease in insulin receptor con-
centration was obtained by the in vitro ex-
periments performed with human cultured
lymphocytes by Gavin and co-workers®@2,
However, it was demonstrated that in so-
_ me patients with extreme insulin resistance
attributed to a post-binding defect, a nor-
mal or increased number of insulin recep-
tors in circulating cells was observed des-
pite marked hyperinsulinemia, suggesting
their cells were resistant to down-
m%u'lationm- ¥, However, Wagman et
al.'® were unable to detect any abnorma-
lity in in vitro down-regulation with cultu-
red Epstein-Barr-virus- transformed
lymphocytes from insulin-resistant patients.
The apparent discrepancy between the in vi-
vo and in vitro studies raises the possibi-
lity that some factor in the patient’s inter-
nal millieu may prevent insulin-induced
down-regulation. An alternative explana-
tion might be that the mechanism of down-
regulation in vitro differs from the mecha-
nism whereby receptor number is regulated
in vivo in insulin’s target cells. Insulin re-
ceptor loss appears to be mediated by in-
creased inactivation of receptors, since the
hormone-induced loss is both more rapid
and greater in magnitude than that caused
by cycloheximide inhibition of protein
synthesis. Cycloheximide inhibition also
partially blocks the insulin-induced loss of
receptors, suggesting that the latter process
also requires protein synthesis@),

The inverse correlation between plasma
insulin levels and receptor binding has been
observed in common disorders such as obe-
sity and diabetes mellitus type II.

On the other hand, reduction of fasting
hyperinsulinemia in obese patients by an
acute fast or a chronic hypocaloric diet has
been shown to normalize the binding of
physiologic concentrations of insulin to
their circulating monocytes®?).

In hyperinsulinism (as in insulinomas)
evidence of down-regulation is usually
found, the concentration of insulin recep-
tors (monocytes) being inversely related to
the basal level of circulating insulin (cor-
rected for proinsulin content)@9, However,
receptor affinity may show marked altera-
tions which may be a consequence of the
complexity of in vivo adjustments that en-
sue when a profound abnormality, such as
hypoglycemia, disrupts homeostasis. In the
fetus, hyperinsulinemia does not appear to
lead to receptor down-regulation, as shown
in monocytes and lung plasma membra-
nes@”),

However, the mechanism of the insulin-
induced receptor loss is not known. In iso-
lated rat adipocytes exposed to insulin it was
shown that down-regulation occurs through
receptor internalization by absorptive endo-
cytosis after the initial insulin binding®”.
Furthermore, recycling of insulin receptors
back to the plasma membrane after inter-
nalization of the ligand-receptor complex
did not occur to any great extent under the-
se experimental conditions. When the cha-
racteristics of the residual membrane recep-
tors on insulin-treated cells were compared
with control cells, negative cooperative ef-
fects, dissociation rates and antigenic pro-
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perties were unchanged but it was found
that insulin-induced receptor loss was ac-
companied by a reduced ability of residual
receptors to- internalize insulin@®. In rat
hepatoma cells it was demonstrated that in-
sulin produces a molecular aggregation of
its own receptor, that the aggregated forms
of the receptor are preferentially down-
regulated and the ciate of receptor aggre-
gation modulates receptor affinity for in-
sulin and possibly biological effects®.

Although the studies in isolated adi-
pocytes indicate that down-regulation oc-
curs through receptor internalization,. other
mechanisms for regulating cell-surface may
exist. For example, in cultured lymphocy-
tes insulin receptor down-regulation is not
associated with ligand internalization by
these cells®?. Moreover, it has been shown
that postreceptor events in hepatocytes can
mediate insulin-receptor down-regulation
independent of insuﬁn"".

In vitro, it has been demonstrated that
restoration of insulin receptors occur after
removal of insulin from the medium and
this process is very sensitive to the hormone.

Finally, the demonstration of normal
site-site interaction among the decreased re-
ceptors suggests that entire units have been
lost, rather than individual receptors of a
unit since one might expect the threshold
for cooperative interactions to be a function
of the number of interacting receptors®,

In relation to the down-regulation of the
insulin receptor in response to exogenous
insulin in erythroid cells, comonly used in
human studies, Ginsberg and Brown®? de-
monstrated in cultured Friend erythroleu-
kemia cells, the requirement of protein
synthesis for that process as previously des-
cribed in other cultured cells. Thus, reticu-
locytes, which are capable of protein
synthesis but not mRNA synthesis, are able
to undergo “down-regulation” while mature
erythrocytes, capable of neither RNA nor
protein synthesis, had no significant chan-
ge in receptor concentration. Thus, accor-
ding to these authors mature erythrocytes
cannot reduce their insulin receptor concen-
tration to hyperinsulinemia as shown by an
in vivo studies in obese patients®?. Howe-
ver, as we have previously indicated, Gamb-
hir et al. have been able to demonstrate in-
sulin internalization in mature human
erythrocytes. No explanation for these dis-
crepant effects exists.

Regulation of hormone receptor affinity

Insulin binding to its receptor is not a
fixed biologic process but is subject to al-
terations in either binding capacity (Ro) —
receptor number (n) — or affinity (K) @5
3), The characterization of these parame-
ters is however controversial and depends
on the way in which the data are analyzed
by each investigator. Since the binding ca-
pacity or receptor number are assessed by
extrapolation of the Scatchard plots of the
data, as previously indicated, it has a cer-
tain inherent degree of uncertainity. Fur-
thermore, the affinity is usually obtained
from the “average affinity profile” of
insulin-binding data from the Scatchard
plot®?, Uncertainity in Ro affects the ab-
solute values of the Ke (maximum affinity
when the receptors are empty) and Kf (mi-
nimum affinity when the receptors are lar-
gely or totally occupied) but has little ef-
fect on the ratio of Kf/Ke®®®. The ratio
Kf/Ke has been designated and is a measu-
re of the negative cooperativity among
receptors®?. At any given level of binding,
if the affinity has not changed, an increase
in R is followed by a proportionate decrea-
se in Ke and Kf without changes in the ra--
tio Kf/ Ke.If however the affinity changes,
the ratio Kf/Ke will also change indepen-
dently of Ro values. Thus, in situations of
uncertain Ro, inherent in derivation by ex-
trapolation, variation in Kf/Kewillactually
indicate real changes of affinity.

While changes in insulin receptor num-
ber appear to take several days to develop
in man they do®% 36 39 not provide an
adaptive mechanism for short-term (within
hours) regulation of insulin binding. Ho-
wever there have been reports of acute in-
sulin receptor affinity changes in circula-
ting cells and(or? adipocytes associated with
fasting®: 3. 39 exercise®® oral glucose
ingestion®®®, short-term (5-day) high car-
bohydrate feeding® and 5-h of either a
hyperglycemic or hyperinsulinemic eugly-
cemic intravenous infusion®V.

From the infusion experiments, evalua-
ting RBC insulin receptors, it was sugges-
ted there is a latent period of 2 to 3 hr af-
ter which a signal is generated leading to
a decrease in receptor affinity and that this
signal is intrinsic to the cell itself indepen-
dent of the in vivo environment since iden-
tical changes can occur in vitro if the cells
are removed from the in vivo settingé?.
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Since plasma glucose or insulin levels per
se do not appear to be the primary media-
tors of the of receptor affinity changes®!
other factors need to considered. It is inte-
resting to notice that growth hormone is in-
creased in fasting, exercise, 5 hours after
oral glucose load and acromegaly and all
these conditions have been associated with
an increase in insulin receptor affinity“?,
Conversely, carbohydrate loading leads to
a decrease in receptor affinity% and is as-
sociated with lower growth hormone levels.
These in vivo associations are consistent
with the possibility that growth hormone
may influence insulin receptor affinity. Ho-
wever, a direct effect of growth hormone
on insulin binding has not been demons-
trated in vitro@) and no consistent chan-
ge in the level of this hormone was obser-
ved during the glucose + insulin infusion
studies@D,

Obviously, the plasma levels of a variety
of other hormones and substrates also
change in these conditions but data to im-
plicate such factors are not yet
available®. Another possibility is that the
signal responsible for these changes in re-
ceptor affinity is an intracellular product
of glucose metabolism. However, it should
be noted that insulin has not been shown
to exert physiologic effects on RBC meta-
bolism.

Finally, the mechanism of changing re-
ceptor affinity could be related to changes
in plasma membrane fluidity, as described
by incubating Friend erythroleukemia cells
with unsaturated fatty acids when changes
in receptor number (increase) and affinity
(decreased) were observed probably related
to alterations in the quaternary structure
of the receptor@. It shoud be mentioned
that in some of the clinical conditions with

known increases in free fatty acid plasma

concentration, such as fasting, exercise and
acromegaly, the affinity changes described
are opposite to those observed in the in vi-
tro experiments.

Other posttranslation modification of
the receptor structure which could alter bin-
ding properties, such as alterations in re-
ceptor phosphorylation or the changes in
the proportion of the different forms of the
insulin receptor as the formation of oligo-
meric forms of the receptor (with the in-
crease in affinity) have been postulated@9).

Given the short-term dynamics and ho-
meostatic importance of the insulin-insulin
receptor-glucose metabolism sequence, the
short-term regulatory mechanism in insu-
lin binding modulated by affinity changes
was to be expected“l),

From the data presented in the literatu-
re it could be indicated that some aspects
of the fed state may lead to a fall in the re-
ceptor affinity whereas fasting or condi-
tions associated with substrate and hormo-
nal changes similar to that found in that
situation such as exercise®® and diabetic
ketosis®® had the opposite effect.

Coupling of hormone receptors to the
biological effects of the hormone

There have been a number of attempts
to quantitatively correlate the binding of
a hormone to its receptor and the biologi-
cal effects of that hormone. For example,

considering the effect of insulin on the
transport of glucose or aminoacids in iso-
lated cells, responses are probably closely
linked to the interaction of the hormone
with its receptors. The observed biologic
responses will be some function of the con-
centration of hormone-receptor complexes
[HR] on the surface of the cell or

Bioffect = Function [HR]

The number of hormone receptor com-
plexes will itself be a function of the con-
centration of hormone [H] and free recep-
tor [R] and the affinity of the receptor K
for the hormone. Thus

Bioffect = Function (K [H]} [R])

For different hormonal responses, the
“‘coupling”’ function between [HR] and
Bioeffect may be different. For insulin sti-
mulation of aminoacid transport in
thymocytes, for example, the biologic ef-
fect is directly proportional to the number
of hormone-receptor complexes over the
entire range of insulin®6). For many other
insulin effects, as well as effects of many
other hormones, the response of a target
tissue is proportional to the number of re-
ceptor sites occupied, but a maximal res-
ponse is achieved with only a minority of
receptor sites filled, i.e., there are ‘‘spare
receptors’’. In the case of insulin stimula-
tion of glucose transport or oxidation in
adipose tissue, a maximal effect is achie-
ved when only 2-10% of the receptors are
occupied®?. Regarding the liver, a princi-
pal target tissue for insulin, studies in a well
— differentiated hepatoma cell line, also
suggested the presence of ‘‘spare receptors’
for many but not all insulin — modulated
processes with different sensitivities to the
hormone®®. In isolated typical skeletal
muscle (soleus) of mice there were also
found spare receptors, for the biological ef-
fects of insulin action studied by Marchand-
Brustel et al.69, the maximal effect being
achieved when only about 20% of total in-
sulin receptors are occupied.

From the published data it could then
be accepted the presence of spare receptors
for insulin action on its target tissues for
several of the insulin-mediated processes
but not in all biological responses at least
in some tissues.

Earlier, we indicated that the rate of for-
mation of [HR] = Ka [H] [R] and the to-
tal amount of [HR] = K [H] [R]. From
these relations it is clear that for a given
level of hormone [H], the rate and quan-
tity of HR formed will be greater with in-
creasing [R]. Thus, in the presence of mo-
re receptors than are needed to elicit a ma-
ximal response, HR will be formed faster
and its concentration will be higher at low
hormone concentrations than with the fe-
wer receptors. Therefore, the ‘‘spare’’ re-
ceptors under these circumstances are not
spare at all, but enhance two response cha-
racteristics of target cell: first of all, they
allow a faster hormone response; secondly,
they increase cellular sensitivity to low con-
centrations of hormone, shifting the dose-
response curve to the left. The receptors be-
come truly ‘‘spare’’ only at high hormone
concentrations or when the system has rea-
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ched equilibrium or when both conditions
are present(l,

When isolated adipocytes were treated
with increasing concentrations of trypsin to
reduce receptor concentration prior to use
in insulin binding and glucose oxidation
experiments®®), it was observed that with
low concentrations of trypsin, insulin bin-
ding is reduced but due to spare receptors,
sufficient numbers of receptors remain to
generate a maximal biologic response and
only the dose-response for insulin (insulin
concentration vs. percent maximal stimu-
lation of glucose oxidation) shifts to the
right. A similar change in dose-response re-
lation would also be observed with a change
in receptor affinity with no change in re-
ceptor concentration. At high concentra-
tions of trypsin, receptor concentration is
reduced below the level required for maxi-
mal signal generation and both the dose-
response and the maximal response are al-
tered. Thus, a reduction in receptor con-
centration of up to 90% produces only a
decrease in sensitivity with no change in
maximal response, while a reduction in re-
ceptor concentration to less than 5% of
normal produces both decreased sensitivity
and decreased responsiveness (see figure).
It should be noted that because there are
spare receptors for this biologic response,
there is no mechanism by which a pure de-
crease in receptor number can result in a
decrease in responsiveness with no change
in sensitivity, although such would be pos-
sible if one studied an effect for which there
were no spare receptors. By contrast, chan-
ges in responsiveness are more likely to re-
sult from alterations in the postreceptor
events, since in this in vitro setting, gluco-
se transport is rate limiting for glucose
metabolism.

These findings are consistent with the
spare receptor model of the regulation of
biological sensitivity to insulin mediated by
a change of receptor number alone. The re-
sults confirm the functional consequence
of a decrease in receptor number in this me-

. chanism, that is, a decreased response only

at hormone concentrations that saturate
less than the number of receptors needed
for maximal response, with preservation of
maximal responses at sufficiently high in-
sulin concentrations. In fact, the clinical. re-
levance of the spare receptor model is fur-
ther demonstrated by in vivo clinical data
on insulin-resistant obese patients, which
also show a correlation of decreased insu-
lin receptor number and a rightward shift
of insulin-stimulated glucose utilization ra-
tes at submaximal insulin levels with no
change or decrease in maximal response at
high insulin concentration®2. These fin-
dings were comparable with the results
from in vitro experiments evaluating glu-
cose transport in fat cells isolated from obe-
se individuals®3),

The functional consequences of the spa-
re receptor model provide for the regula-
tion of cellular hormone sensitivity through
a modulation of hormone receptor num-
ber alone. Therefore, conditions or meta-
bolites that affect the balance of the dyna-
mic processes of receptor synthesis and de-
gradation may change the steady-state re-
ceptor number, thereby producing states of
altered hormone sensitivity.
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