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I N T B O D U C C I O N .  

Se ha presentado l a  oportunidad de que por medio de l a  exposicib de 

mis actividades en e l  c a p o  de l a  Investigacibn pueda optar a graduanne en l a  

Mastría en Biología Experimental, por l o  que a continuación expongo en Poma 

breve, cuales han sido l a s  areas en l a s  que me he desarrollado, as í  cm0 al- 

gunas de l a s  motivaciones que m e  han llevado a ellas. 

Mis actividades en l a  Investigacih se iniciaron en el afio de 1969, 

en e l  laboratorio del Dr. Oscar Damínguez V., en donde a trav&s de los  estu- 

dios del Metabolismo Esteroideo, se formaron en mi mente varias preguntas a 

l a s  que he tratado de dar  respuesta mediante varios modelos experimentales. 

Las preguntas fueron: 

par t ic ipan  en los estudios del metabolismo glandular 3 , 
los niveles fisioldgicos ? , c Como se modifican durante czondiciones f i s i o l b  

gicas o experimentales ?. D a r  respuesta a tales preguntas, requirid de un ", 

trenamiento intenso en técnicas de a l t a  sensibilidad, coano l o  es e l  radio-- 

noandlisis. Después de haber adquirido e l  entrenamiento técnico, se* realizb 

Cual es el  contenido endheno de los esteroides que - 
Cual es su papel en 

una serie de estudios acerca de I' Las pozas metab6licas de los  esteroides en 

l a  glhdula  adrenal de l a  rata", los  resultados de ta les  estudios mostraron un 

aspecto diferente del funcionamiento de dicha g1lhidula.y Pueron publicados em 

su oportunidad. Se cambió de modelo experimental ai testiculo, encontrando en 

éste drgano aspectos que incrementaron l a  motivacih para estudiar su funcio- 

namiento. C o n  éste modelo, se inicio con una correiacith de estudios morfol6- 

gicos y l a  secrecidn de andrdgenos en e l  testículo de cerdo,. posteriormente, 

se realiz6 una investigacidn en testículos de ratas alimentadas con harina de 

semilla de algod6n completa, en l a  que se busc6 e l  efecto de uno de sus canpo 

nentes, e l  Gosipol. En estos estudios se comelacionarm l a  esteroidoghesis 

con l a  cantidad y movilidad de los  espematozoides y a su vee con l a  capaci- 

dad fer t i l izante  de los  animales. 

- 

Se llevaron ai cabo tanbien, otros estudios 



canpiemaitarios en los  que se utilizaron ratas a las que se les prwocd de=% 

trición por restricción proteínica. 

De los  tiltimos estudios mencionados airgfel?osk algunas otras pregun- 

tas  put no presentabm una clara respuesta, as5 el intees M c f a l  por las pz 

gas metabóiicas esteroideas ha ido transformandosc , en un i n t e d s  por e l  1i191 

yor conocimiento y mejor entendimiento del funcionamiento del testiculo. Aun2 

das a l a  pregunta inicial ,  han surgido preguntas referiUas entre otras, a l a  

intercomunicación entre los  cmpartimentos testiculares, a l a  presencia y m- 
ci6n de receptores y otras protehas con capacidad de u r  esteroides y a los 

cambios en l a s  funciones celulares por efecto de los  esteroides, ! 

Eh el área de l a  invcstigacih Clfnica mi colrboCaci6n se ha diri- 

gido a proyectos en los  que se pretende estudiar, por una paste a pacientes 

con transtornos genéticos o congénitos que afectan l a s  vias esterotdogénicas 

tanto'de la glhdula  suprarrenai, como de l a s  gonadas; en este tipo de estu- 

dios, la determinaci6n cuantitativa de los  esteroides precursores, interne- 

diarios y hormonales, tanto en condiciones basales, cmo durante pruebas de 

funcionamiento glandular, permiten localizar o definir "la f d l a  enziJn&tica" 

dentro de l a  vía esteroidoghica, auxiliando as í  a los  mcdicos a cQllocer l a  

causa d e l  problema clínico y coadywando tambih  al mejor y más rápido diag- 

n6stico de problemas similares. Por otra parte he colaborado en estudios de 

grupos de pacientes en los  que e l  AincionaiRiento esteroideo ob-+scucntra ai- 

terado en forma secundaria, por efecto de otro padecimiento aparentanente 

dependiente; estudios que pueden ser tanados cuno base para el establecimiento 

de una terapia que mejore en parte l a s  "condiciones generales" de los pacien- 

tes. 

Tanto en los  estudios de Investigacibn Msica, cono en los de fnvcs 
tigaci6n Clínica se pretende un mayor conocimiento y una Mor caaprcnsih de 

l a  Fisiología de las glhdulas  esteroidog&nicao. 



Los planteamientos de intencibn e3 mis actividades de Investigzcibri 

haa sido e l  poder Plantear ,  Realizar,  Desarrol lar  e i n t e rp re t a r  protocolos de 

Invest isacibn para es tudiar  los aspectos na tura les  y/o experimentales, norm&- 

l e c  y/o patoldgicos,  básicos y/o c l h i c o s  de l a  F is io logía  glandular es teroi-  

dogénica, por l o  que he requerido Ze una preparacibn in t e rd i sc ip l ina r i a  en los 

aspectos teór icos  y técnico-experhentales . 
cado l a  Maestría en Biología Expcri?icntal m e  ha p e m i t i ü o  un mejor y más am- 

p l i o  desar ro l lo  dentro de l  campo de l a  Invectigacidn Biomddica. 

En ambos aspectos e l  haber w- 
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SUMMARY 

To determine ttK metabolic pool changes during acute ACTH infusion, prcgumolone. 17-hydroxypreg- 
nenolom, dehydroepiandrosteronC, progesterone, 17-hydroxyprogestero~ corbsterom and cortisol 
were w u r e d  by RIA in subcellular fractions from rat adrenal glands. The irt cirv e l k t  of ACTH on 
steroid bibsynthesis was deduced from correlations between wballulrir fraction measurements and 
sprum concentrations values, permitting a d y n d c  intcrpWtion of results. Tmnty six SpragueDawley 
mak rats, r & d  0.1 I.U./g of body weight of ACTH LP. whik eightem (control gtoup) r e a i d  
isotonic saline solution. Rats in both p u p s  w m  decapitated immediately and at 5.10 and 20 min aficr 
injection. R d t s  ahowed the highesi m m  concentrations of cort¡cOsterom at l i e  =o. Rspmnolone 
and corticosterone concentrations were highest in the mitochonW fraction while progesterone was in 
the microsomal fraction Exogenous ACTH depleted-pregnenolone and progesterone pooh incrtasing 
the cortioosterom pool as weii as its Serum concentration. with minor modiñaitions in other steroids. Its 
maximal &act occurred at IO min. In contrast with previous reports, it was found that 17-hydroxylated 
compounds sudi BE Corti activity. It is conduded thpt ACTH n ~ t  
only stimulates prcguenol 4 s  but also increases the enzymatk acth¡ty of other 8yStCtems which 
use this compound as a su 

g 17-hydroxylase 

produce corticosterone. 
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strated a difñrmce in utilization by the enzymatic 
systems of radioactive steroids and of those endoga- 

Highly precise and accurate quaatificetion of sub 
microgram amounts of steroids has ~CWXDC possible 
with RIA. Thus, it is fcasible to mca~m metaboüc 
pools of intraccilular compartments which participate 
in the metabolism of the steroid hormones in a giwii 
organ. In the present study metabolic pools in some 
subcellular fraciions of the rat adrensl gland were 
measured before and after acute in uim stimuiation 
with ACTH. The following steroids were studied: (a) 

nenolone (170H hes), and dehydrocpiandrosteronc 
(DHEA); (b) intermediate products: p-terom 

ous ones already produced in the rdrenil tissue. 

p í e ~ ~ r ~ o i ~ :  p g n e n ~ l o l i ~  (Pregx 17-hydr0~y~reg- 

(Roe) and 17-hydr0~j~rOg~~m0M (170H Rag); 
and (c) the final active compounds: co- (B) 
and cortisol (F). 

MATERIAL AND MElliODS 

Bwlogical mtrriol 
FoIty-lour SprrgubDaulay mak rata wighiq~ 

approximateIy #)og wm used. The adrenal ghd~ 
were stimulated with ACTH (Organon Laborritoria, 
ampules of 25 LU, lot 11720~ 

Reagents and quipmmt  
Tris bu* ( h y d m x y m c t h ~ m t m c  lot B137Q 

Sigma Chemical C o m p ~ y A  sucroSe (E. McrckA 
sodium chloride and sodium hydroxide (Baker 
Chemical Company) wm d AU the RiA ratgutis 
have been -bed pmoudy[11.12]. prtúorited 
silica gel pia- with a fluorescence marker (winm) 
(O.25mm thick from E. Merclr, lot 147451) were 
employed in steroid pUitiatiOa. AU solvaita were 
distilled before use The standard for protein 
determinations was b o h  cch~n albumin (BSA) 
fraction V from Sigma Chemical Company, lot 119 

utilized in the protein mensurcumta The aubcelluiar 
EOW. A BecLman DK-2A spechopbotometa 

fractiolla were obtained with foU0wing cultlifuga: 
lntenutionrl U.V. Modd, Herd UQ somll 
Rotor SM24 and a Fkr?hnrn Model L u l ~ ~  
withaU)Tirotor. Radioactivity was m#eureci with a 
Modd 33ñ) Packard liquid rCintill.tion rpectromefa. 
The puntyofthe subcellular fnictianr ww coafirmsd 
with a phulipa Modd EM-300 transngtlion deciron 
micr-pc. 

MElliODS 

Ani& . 
The rats were diviQd in i control ( n -  18) and 

stimulated p u p  (n = 26) The stimul.ted lot received 
0.1 LU. per gram of body weight of ACTH dlsiolvad 
in isotonic dine  solution (1OLU. pa dL intrapen- 
toasrlly. ~ a m l t r d  group received 0.01 d pa gram 
of body &at of saline solution by the tamc route 
Animals were sacriñced at O.S.10 a d  2Omin post 

injection. Blood was ~ ~ I k c t e d  for suum acqu¡s¡tion, 
and adrenal glands w r ~  immediately removed and 
wr@d. They were ho-izd in Tritbulkr (Tris 
10 a, sucrose 0.25 M, EDTA 0.0s mM, pH 7.4) at 
1 :io ~ t / v o l u m o  ratio. The reactions were stopped 
by adding 0.1 M NaOH and 0.1s M NaCl to the 
homogenate untü the total mixture reached a volume 
of 3ml. The time betwee0 derith and inhibiton of the 
enzymatic d o n s  ~ 8 3  less thm 7 d ~ .  The whole 
procedure was performed at 4°C. 

Subceliuiar fnretias 
Based upon tcdmiqua pnviousiy described 

Cl3.141 the rubceUular tnctiOnr were o b M  as hi- 
Iowa Fit, the whole homogaiate was mwifbgcd at 
8008 for 1sllh. I was made up of 've 
and not homogmized ~~SSW, ñude¡ and some blood 
Cek supernatant I called "homoegute" wu divided 

(0.1 mih into 3 aliquots, one for protein detamtiuaw 
the namnd (1 mi) for steroid d & d ~ t i O n r  rnd the 
third (approximately 1.9 mi) for obtainin# the sribcel- 
lular ñsctionr mr last portion wu cantnñi@ i t  
1o.ooo # for 30 min and t b ~  p r o w  pdkt 11 which, 
rfta washing md naupearion to ita erigid volume, 
wasallaitbemitocbondnirt * frriction. su-m n 
was aetdbgcd at IMmr for óoniin to obum pd- 
let íIL Foliowing si* wuhiiig rad rcmtipauiOq 
this was coasidered the microsod &action. super. 
natant In was d i e d  the soluble hCt¡on. The d t o -  
&mdrial, miaosomal, and soluble fraciiom were 
divided into aiiiuots of 0.2S mi for protein determma- 
b n s  and of 1.Gd for steroid evrhutionr All 
samples wcre kept fro2m until studied The mito- 
chondrial and microsomal fractions from one of the 

. .  

pilot C x p b C D t S  Wac Shldkd with (u1 

ID&- (Philipe EM-300) to Verity tbe purity of 
the iubcellularárction. Both fradons were hi fixed 
in glutaraldehyde 2.5% followed by 0.1 M osmium 
tctroxyde, pH 7.4, included in orpldite, md finally 
tioiied with i porta Blum Mt-2 uitruniaotOme. The 
method of Lowry et d.[lrJ was ursd for protein 
quantüiation, and tbe reference for the stuidard 
cumin  quintupíicatc was the BSA with at 
6 6 o n m A u ~ m r e ~ ~ i n t r i p ü c a o e .  
The steroid ImNUmmnta were msde luing RIA 

methods llrerdy daaibed for the As-3fl hydroxy 
eaks [ill wdl ñ~ for prOe and 17OH-PrOg [la. 
The &tcrmi~t&ms o f 8  and F WQO performed foC 
lo- tahiqwa simiiar to tboactbaxibod by Ruder 
et ul.[l6]. The beric difkrmcc from the Ruda et 
d.[ItiJ tLcboique w88 that methylone rblonde was 
4 for exiractkm. The chromPtolprpbic ryrtem for 
thin layer chromptolsnphy was methybe chloride, 
methanol, and water h propdons of í00:6.0:0.3. 
The RIA calculations for Sill the sterokh wm pro- 
ccsscd in an IBM 1130 computer, progmmmxl at a G 
level in Fortran. Quality control results far all the 
RIA assays were compuabk to recent repoM[11, 

ofmiationwaslesa than 8%md the minimal detcñt- 
121 with PcEUtacy of W A  The intra-away caffiaait 
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able dose was ímpg. Student's t-test was used to 
analyze the differences between the values obtained at 
different times in each group, as well as to compare 
control and experimental group results. Five per cent 
confidence limits were employed. 

RESULTS 

At 3O.OOO x magnification the mitochondrial and 
microsomal fractions showed very little contami- 
nation. The metabolic pool values and the serum con- 
centrations in the diñerent subcellular fractions 
appear in Table 1. Pools are expressed in ngimg of 
protein (ndmg) and serum concentrations in ng/ml. 
The values represent the mean of eight determinations 
at time zero and of six determinations at 5, 10, 15 and 
20 min in both stimulated and control groups. 

Figure 1 depicts the initial size (time zero in 
Table 1) of the metabolic pools in the subcellular frac- 
tions In the homogmre Preg and Prog had similar 
values (63.3 and 58.2n&mg, respectively) which 
comprised the iargest metabolic pools. They were 
followed by 8.9ng/mg of B, and 5.9ngjmg of E 
The pools of other 17-hydroxylated compounds and 
DHEA were quite small. In the mitochondrial fraction, 
Prog was the predominant steroid with 166.2 ngimg, 
followed by Preg (133.5 ng/mg) and B (1042 ndmg); 
170H-Preg and DHEA had a small pool size. In the 
nu'crosumul fraction, Prog had the greatest pool (188.6 
ngimg), followed by 'Reg and B (74.3 and 85.3 ngimg, 
respectively). In the soluble fraction, the pool size for 
Prog was 31.8, for Reg, 16.5 and for B, 6.4ngimg. 
170H-Reg and DHEA values were below 1 ng/mg. 

In serum, B had the highest initial concentrations 
(179ngiml), Collowed by F (9.0) (3.1) and Rog 
(2.4); the remaining steroids arUtyzcd showed con- 
siderably lower values (below 1 ngJmll 

As we cm observe in Table 1. almost all steroids in 
the subsu la r  fractions, as well as in the serum, 
tended to increase after time =O. reaching maximum 
values at 5 or íümin in both experimental groups. 
Among the precursors, pregnenolone showed the lar- 
gest pool size in the mitochondrial fraction. Values 20 
times higher than t i m  zero were noted in the control 
group. It is interesting to note that the dikrences 
between the groups were most evident in this fraction, 
with smalier pools in the stimulated group; however, 
there was a second inaement at 20 min in the micro- 
somal fraction. 170H-Preg and DHEA behaved with 
a variable pattern, in- at the beginning and 
decreasing thereafter. In the homogenate, where 
values were statistically similar for both groups of 
animpls, hog, the intermediary in the biosynthesis of 
B decreased rather than inmased in the stimulated 
group. In tbe mitochondrial and microsomal frac- 
tions, progesterone was also higher than other values 
throughout all observation, its highest point at 10 min 
with 330ng/mg P, was followed by a steep fall to 
lower values than time zuro. In these fractions the 
highest values for Pro& as well 80 the most eviácnt 
changes with respect to initial values, were found in 
the control group. 1íOH-Prog, measured only in the 
homogenate and serum climbed rapidly and reached 
its apex at 1Omin. At 20mh values in both group 
desanded slightly. The final product 3, increased at 
5 min in all fractions and in both groupa with highest 

= w # O r d - m c -  SoLuUc *caw 
Fig. 1. Values obtained at time zero correspond io the inithi a h  of the steroid metabolic pools in tbe 

subcellular fractions. 



157 ACTH EITect on adrenal steroid biochemistry 

concentration at lomin, followed by a moderate 
decline up to the end The bighest amount of B and 
its most evident changes were found in the mito- 
chondrial fraction probably since it contains the 11s 
hydroxylase system. 
So far, the analysis of results has been limited to the 

adrenal tissue response under the two experimental 
conditions. However, it seemed appropriate to corn 
pare the net effects of ACi'H on the metabolic pools 
studied. In this context, we performed the following 
calculations: taking-each control value at O, 5, 10 and 
20min as 100% we calculated the corresponding 
values of the stimulated group, and expressed the net 
effect of ACTH as per cent change. The results appear 
graphically in Figs 2-6. 

Figure 2 shows the net changes induced by ACTH 
in the homogenatefraction. The Reg metabolic pool 
was diminished as a response to the stimulation, 
reaching its minimum at 10 min. The metabolic pool 
of the following steroid hog, decreased continuously 
during the study. with the decrease becoming statisti- 
cally significant by 10 u) min. This was most im- 
portant at Mmin despite the recovery of the Reg 
pool. The double decrease was reñected in the meta- 
b o k  pool of B, the final product of this metaboik 
route. The B pool was significantly increased through- 
out  the sampling reaching its maximum at 20min. at 

a ievel2.21 times greater than the corresponding con- 
trol. The rest of the steroids showed few changes. 

Figure 3 portrays the changes in the mhchndrial 
fraction. Reg diminished to only 39% at 1ONn of 
stimulation, with an increment at u) min. There was a 
great metabolic pool rise of B, reaching over 220% of 
the control value within 10min and coinciding with 
the maximum Reg response. hog, with a pattern 
similar to P r q  displayed smaller variations which can 
be considered a reñection of changes throughout the 
gland. DHEA had a similar pattern with a decrease at 
5 min to a level similar to that observed in the major- 
ity of the other steroids. 

The microsomal fraction (Fig. 4) synthesizes and 
transforms hog. in this fraction, Preg showed a small 
but significant decline at Smin. Subsequently it 
increased up to 180% ard felt to 126% of control 
values. In the mitochondria Prq leaves faster than it 
is produced These facts suggest an apparently A m  
dependent exit of Preg from the mitochondria with 
subsequent accumulation in the endoplasmic reticu- 
lum. At 10 min Rog dropped to l e ~ ~  than Wo/, of the 
control pool and then increased to 11VA at a m i n .  
DHEA had an extremely variable pattern. At 5 min it 
increased to its maximum valuz almost aO% above 
the basal ievei, failing WA below control at 10min. 
The statistical outcome is similar to the control. 

-0.06 / 

i 
O 10 I L o o  a 10 IO Lo O 

I ) l U U T L O  m i n u i s m  

Fi i  2. Timc courac of tbe wtc ACTH induced in the conairtn\ioa oí difkrrnt steroids in tk 
adrenal homogenate fraction. For each time point. control values ren taken IS iooo/. (see text). Reg- 
nmolono: 0 17 OH-pregnmolom: O progesterone: ti 17 OH-progc~terone: I dehydroepiandrostetom: 

O campound 8: x and Compound F: A 
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nmOuMK 

8 10 I8 &I 
I I l U t L 8  

3. Steroid concentrations cb8ngca with acute ACTH stimuktion bund in the mitochondriil 
fractions. Code as in Fi i  2. 
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The solvblcfiacñon ( F i i  5) shows iess important 

10 to al and Prog feii most-siurply at #)e. B 
hucaaal sienifiantly at i 0 h  The rest of the 

* T b e ~ a u a r . c h a i i s e s ~ i m p o r t . a t ~ i 6 ) . ? b e  
praxnm, F+rcg diminished considerably at 10- 
with a small further falí at #)min. Simuituieousiy, 
Pmginacascdat 10minreadiiiyitapeakooncen- 
tration at iomin, more thpn 225% of the control in 
10 min. DHM fell most at 5 min, recovering at the 
end of the study. F reached ita amximum aman- 
tration at #) min, 75% above the amtroi. 

chaiyles. Reg dirnidabd si@iculBy bctwcul mi0 

rterbidsMdyLedShOWd~modidiQtiona 
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Fig. 6. Steroid concentrations changes with acute AmH stimulation found in the serum fractions. code 
as Fig. 2. 

genesis and proposed a mechanism of action of 
ACTH which only implies changes in the permeabi- 
lity of the mitochondrial membranes. They argue that 
reduction of the inhibiting feed-back by pregneno- 
lone, with an increere in the intake of NADPH, 
brings about a final increment in the total steroido- 
genesis. 
To aid in the search for resolutions to the contro- 

versies mentioned above, we calculated the net eña t  
oí ACTH on the adrenal steroid metabolic pools. In 
the homogenate fraction, the fall in the Reg pool 
might mean that Reg is used as substrate more 
rapidly than it is produced, This should be reñected in 
the following compound, the intermediary Prog, 
which was affected by the ACIW and also was used 
faster than it was produced. if we consider that the 
homogenate fraction reflects the general changes 
occurring in the interior of the gland, an inmmmi in 
the enzymatic activity leading to the formation of 
Preg would have been expected since its ma+ was 
increased. However, there was an activation of the 
main portions of the enzymatic systems that use this 
steroid as substrate transforming it to hog. This 
would explain the decrease of the metabolic pod of 
the precursor. The Rog formed was also transformed 
into B more rapidly than it was f o d  Since these 
findings were present in all the subcclluiar fractions, it 
is poskible to suggest the existence of e preferential 
biosynthetic pathway: Preg -, Rog -+ DOC -B R 
with pomible alternate routes forming DHEA from 

I7OH-Preg and F from 17-hydroxylated compounds, 
another possible route could be the formation of 
18-oxygenatsd steroids intermediaries in the biosyn- 
thesis of aldosterone but their metabolic p i s  were 
not included in the study. However, in the micro- 
somal fraction, the Rog pool diminished simulta- 
neousiy with the maximum increase oí Reg, suggest- 
ing a depletion of the Rog forming enzymatic sys- 
tems since at 10 min a great quantity of substrate was 
not transformable to hog. On the other hand, Reg is 
also a substrate for 17-hydroxyiase in forming 170H- 
Reg, which increased significmtly at 10min. when 
most steroids reached maximum values It would 
appear that the synthesis was overcome by the 
velocity of transformation. Nevertheless. this fraction 
contains the enzymatic systems that formed Preg, as 
well as 11s hydroxylase whose final product is B. 

Since DHEA and 17o)I-Reg are relateú, we 
believe that the fitst increment of DHEA might arist 
from 17OH-Reg at the start of its formation. 
the maximum response all the gland's "efforts" seem 
to go toward the main metabolic pathway without 
production of DHEA and accumulation of 170H- 
Reg. Ona the maximum effact of ACIW is 
exhausted the gland again produces DHEA, starting 
from I70H-Reg. Thereaftm. both steroids return to 
their control values. This would imply that a passibk 
alternate pathway towards DHEA is not particularly 
important during acute ACTH stimulation. 

In our modcl with ACTH stimulation. the serum 
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values refiect intraglandular changes. heg  is used as a 
precursor within the gland, diminishing its serum con- 
centration. The glandular synthesis of increases, 
augmenting its seric concentration. B, the final 
product of the main metabolic route, also increases at 
10 min indicating the probable moment of maximum 
response to the stimulation with ACTH. F, the other 
final product increases but DHEA does not. This 
might indicate that between DHEA and F, the latter 
is more important. in the rat adrenal gland. This 
might be due to a metabolic tendency using the enzy- 
matic systems as the preferential metabolic route. It 
would also seem, that changes in the final product are 
less important than in the precursors and interme- 
diaries, although it is necessary to remember that 
serum concentrations of b e g  and Prog are 60 times 
lower than that of B, the end product. 

In conclusion: I-Steroids metabolic pools and ex- 
perimental changes can be determined by radioimmu- 
noassay of steroidogenic tissues. 11-The presence of 

adrenal gland implies the existence and functioning of 
the 1Fhydroxylase enzymatic system in agreement 
with results found by Vinson et nl.[Zfl. The propor- 
tion bet- these compounds and the non- 
hydroxylated ones in the same position underscores a 
preferential metabolic route formed by Reg+ 
h o g  DOC B. 111-ACTH stimulation not d y  
increases the production of the prmirsor Prcg. but 
also that of the full biosynthetic route. IV-The net 
effcct of ACTH was a depletion of both RQ and 
hog pools. Apparently, both compounds are used 
faster than they are formed. Therefore. ACTH stimu- 
lates the enzymatic system producing Pryb as well as 
those using Preg as a substrate towards ha and 

' then DOC. V-The viilues found in blood rerum 
rdkct changes in the adrenal gland The results 
obtained in the mitochondrial and microsomal frac- 
tions suggest that some factor transports mitochon- 
drial keg to the endoplasmic reticulum where it is 
transformed to Prog. Future experiments will be 
conducted to test this hypothesis. 
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Vrterinaria MCx. 11: 1980 

Estudio de la actividad ováríca posparto rneúiante la determinación 
de progesterona en ovejas Dorset, 

Se estiiditi el reiiiicio de I;i ;ictividacl ovárica pos- 
parto en ovejas adultas, h r s e t ,  Suffolk y Tabasco 
cuyos pirtos ocurrieron eiiti'e el 4 d e  enero y el 
23 de fehrero d e  1978. Se iitiliraroii 10 animales 
de cd: i  ram, los que fiieroii inantenidos en con- 
fiiiainieiito. El trabajo se llevó a cabo cii el Knii- 
cho Experiniental de la Facultad ubicado en  Tc- 
potzotlán, Estado de México a 1 9 O  44' latitud nor- 
te y 9 9 O  44' longitud oeste. Se tomó como indica- 
dor del reinicio de la actividad ovlirica después del 
parto, el incremento de los niveles circulantes de 
progesterona, cuya determinación fue hecha por 
el método de radioinmiino-análisis en  muestras de 
suero obtenidas en los d h s  10, 20, 25, 50, 35. 40, 
45, 50 y 55 posparto (1)i;i O = día del parto). A 
.los 90 dias posparto, tres ovejas Tabísco, una Dor- 
'set y niiigiiiiíi Stiffolk mostraron cvideiici;i de reini- 
rio dc la ;ictivitl:id oviricii. Eii el día $5. 40(% de 
las ovejas 'l'dmsro iiiostraroii evidencia tlc cuerlw 
liitco activo. iiiiciitras (pic stilo el iW?ó de I;is 
o i i ' i i s  tI(3s i x w s  pi'csciit;ii'oii u i i a  clcv;icióii cii los 
iiivclcs de piugcstcroii;i. I ' w i  cl dí;i 40, el CiOyo 
(IC las ovcj;is '1'aI)asco mobttaroii iiitlirio de iictivi- 
t l a t l  ovliricii c~iii~~;iI;ido COII SGlo 20(& tlc las Dor- 
set y Siiflolk. l<stos i~csiili;itIos, ;iiiii;itlos ;I otras 
(.;iractcristit:;is rcpi.o(liictiviib vciit;ijosas de la ram 
I';il)as~o, scñüliiii el pií<wri:il ilc estos miiiiiites 

i):ir;i itwiwiitviiar I;i protliicci0ii o v i i i i i  cii el ti'& 
~ ' i C 0 .  

Suffolk y Tabaso" 

J b A  hfART¡NEZ 
JOAQU~N HERREM 

S A ~ L  FERN~NDEZ-BACA ,I 
JAVIER VALENCIA 

l k i l  manejo y la existencia de pari iiúiiiero de 
razas adaptadas a diversidad de condiciones ain- 
bientales. Esto lcs peiiiiite aproveciiar muchas m 
nas geogrrificas cuyas caracteristias climdticas o 
topográficas impedirían la introduccihn de otras 
especies. 

Existe la necesidad y el interis creciente en 
inejorar y aumentar la producción ovina en  Mexi- 
co: para esto, es necesario desarrollar tecnologías 
de producción que permitan elevar al grado óp 
timo la utilhación de los recursos disponibles. 
Entre los componentes de los sistemas de produe 
ción el aspecto reproductivo juega un  pap1 im- 
portante. Cuanto mayor sea el nilmen, de crías 
obtenidas por borrega en una determinada unidad 
de tiempo, tanto más eficiente seri la explotación. 

Una forma de incrementar la eficiencia repro- 
ductiva es mediante el acortamiento de los inter- 
valos entre partos. Para esto es necesario conocer 
1;i fisiología del posparto, particuhrnientc el reiiii- 
cio de la actividad oviírica. Es diticil establecer con 
exactitud cuándo se reinicia la actividad oviirica 
clesixi& del parto en la oveja; algiiiios autores ase- 

oviilar y mostrar signos de estro en forma natural 
cii el transairso de los primeros 2 a 3 iiieses. Sin 
ciiil>argo, no cs fdcil distinguir los calores p s p r t o ,  
piic*\ pieileii ser silentes.8 

I k  In extensa revisión bihlicppífica Iiecliu por 
Hiiiitcr tt se desprende qiie el reiiiicio de Iii activi- 

giiraii (ILL: tina elevada proliorci6ii de ovejas puede I 
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dacl ovii  ica pospaito valía en funcibn de factores 
genéticos y del medio ambiente. Se han encontrado 
diferencias notables entre razas. Entre los factores 
ambientales destacan el nivel nutricional y la p m  
sencia o ausencia del macho. La presencia del ma- 
cho al final de la lactancia estimula la presenta- 
ción del estro y ovulacibn. El amamantamiento, 
según algunos investigadcqes,e no influye sobre la 
duración del anestro pasparto, mientras que según, 
otros.8 retarda el reinicio de la actividad ovárica. 
La época del año en que ocurre el parto puede 

re todo en razas con marcada 

determinar el 
reinicio de la actividad posparto en la oveja y las 

de los iiiveles circiilaiite5 de progesteroiia, como 
indicación de la presencia de cuerpo lúteo activo. 

Para ello se tomaron muestras de sangre de cada 
animal a intervalos definidos después del parto; la 
primera se tomó en el Día 10 (Día O = día del 
parto), la segunda en el Día 20. y las siguientes 
a intervalos de 5 días hasta el Día 55. Las muestras 
de sangre, 10 ml en cada caso, se recolectaron por 
punción yugular con jeringas estériles. Los sueros 
fueron separados por centrifugación de las mues. 
tras coaguladas, y guardados en congelación a 
-10% hasta su procesamiento. 

Dqtminación de pogesteroona. Se llevó a cabo 
en los laboratorios de la División de Biología de 
la Reproducción, Unidad de Investigación B i d -  
dica del Instituto Mexicano del Seguro Social. 

I El método usado fue el de radioinmunoanálisis I 

El objetivo de este trabajo 

& I 

~ ~ A T E ~ I A L  Y M (RIA) según la técnica descrita por Bermúdez 
et aZ.l Todas las muestras fueron procesadas en un 
eflsayo único al mismo tiempo Y b j ~  similares 
con&ciona. 

Rtuilisis estadtstico. Las comparaciones entre 
razas, en lo que respecta al reinicio de la activi&d 
odrica a diferentes etapas pospartol e K ~ m n  
mediante ]a prueba de 

Animdes. Se utilizaron ovejas adultas de las razas 
ffolk y Tabasco (también conocida con 
de Pelibuey), en número de 10 de cada 
a n h a l a  fueron mantenida en el e n -  
al para la Enseñanza, Investigaubn y 

Extensión de la Zootecnia, rancho 4 Milpas de la 
Facultad deiMedicina Veterinaria y Zootecnia de 
la UNAM, ubicado en Tepotzotlán, Edo. de Mb 
xico, a 19" 44' latitud norte y 9 9 O  44' longitud 
oeste, bajo confinamiento en corrales. Su alimen- 
tación fue a base de heno de alfalfa a discreción 
y un suplemento de concentrado. Las ovejas pa- 
rieron entre el 4 de enero y 1 O3 de febrero de 
1978. 

Toma de muestras. La detaminación del reini- 
do de la actividad ovárica se basó en la elevación 

(Ji - aadrada)).U 

Las concentraciones individuakó de progcsterona 
en el suero sanguíneo de las ovejas Tabasco, Suf. 
folk y Donet, con presenaa aparente de cuerpo 
lúteo, ae paentan en las f i p  1, O y 9. 
En la figura 1 se puede dmrvar que la oveja 499 

de la raza Tabasco, tuvo 489.9 pg/d  de proseste-. 
rona a los 25 d h  parto, eta cantidad aumentó 

, 

* 
FmURAI. ~ L m m ~ ~ m d ~  

c o l l M E a w c u ~ # c u l c o W T E O .  

128 



FIOURA 2. NNELES DE SERlCA EN SVRKn 
CON PRESENUA lX CUERPO UITEO. 

t 

10 I O U  

DIO. mroork 

a 1337.2 pg/ml hacia el día SO, lo que indica que 
probablemente hubo ovulaa6n antes del día 25. 
En el día 30, dos ovejas más (496 y 498) mostraron 
niveles altos de pgesterona, lo que se interpreta 
como indicio de presencia de cuerpo lúteo activo. 

Según la figura 2, la primera indicación de p ' ~  
sencia de cuerpo 1Steo activo en ovejas Suffolk 
ocurrió el' dta 35 cuando la oveja n h .  30 mostr6 
una marcada elevación del nivel de progesterona. 

En la raza Dorset (figura 3) la primera elevación 
del nivel de pgesterona ocurrió en UM oveja 
(núm. 201) el día 25, con un aumento mayor en 
el día SO; esto indica que probablemente hubo 
ovulación antes del dia 25. 

En el Cuadro 1 se presenta un resumen del nú- 
mero de hembras con supuesta actividad d c a  
a diferentes intervalos después del parto, toman- 
do como base los cambios en los niveles & p 
gesterona circulante. En el día 25 solamcntc una 
oveja Dorset dio muestras de presencia de cuerpo 
lúteo activo, mientras que en el día 30 tres borregas 
Tabasco mostraron actividad en comparación con 
1 Domt y ninguna Suffolk. La diferencia entre Su€- 
folk y Tabasco fue estadísticamente significativa 
al 10% de probabilidad (2C2 = 3.52, P < 0.10). 
La diferencia entre T a h o  y las otras dos 
en el día 40 fue igualmente significativa al 10% 
(XZ = 3.34, P < 0.10). 
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NUMERO DE OVEJAS QUE MOSTRARON ACTIVIDAD 
OVARICA EN DIFERENTES ETAPAS POSPARTO, COK 
BASE EN LOS NIVELES DE PROGESTERONA CIRCU- 

LANTE 

Tabarco Sirffolh Dorsct 

Uiasposfmrto 71 Activas n Activas n Activas 

10 10 o ]O o 10 o 
20 10 o 10 o 10 o 
25 10 o 10 O IO 1 
50 10 3 10 o 10 1 
35 10 4 10 1 10 1 
40 IO 6 19 2 10 2 
4 5  (a) --- 10 4 10 4 
50 (a) - - (a) - 10 G 

(a) No se dispuso de rniieritixs para determinar 105 niveles 
_- - __ 

de pmgestemiia m los animales restantes. 

D ISCUSIÓN 

En la borrega, la fuente principal de progeste- 
rona durante el ciclo estral son las c6lulas luteíni- 
cas del cuerpo liiteo, aunque esta hormona también 
K seacta en la corteza suprmnai,  pero en con- 
centraciones muy bajas." 

Se@n Pant et al.' y Walton et UP los niveles 
plasmáticos de progesterona durante la fase lu- 
teínica del ciclo estral varían de 3 a 5 ng/ml; 
algunos investigadores 1s han encontrado Cifras 
mayores de 6 ng/ml: sin embargo, Thorburn et a1.10 
dan valores de 0.4 ng/ml de progesterona durante 
los primeros 4 días del ciclo (niveles basales) y de 
1.5 a 2.5 ng/ml entre los días 4 a 9 del cicio, per- 
maneciendo estos valores durante la fase lútea hasta 
declinar hacia el día 14 o 15 del ciclo estrd. Estos 
últimos valores coinciden con los obtenidos en el 
presente trabajo. Con base en estos datos se puede 
considerar que las elevaciones de los niveles de pro- 
geskrona correspondieron a presencia & cuerpo 
ldteo activo. 

Los resultados obtenidos indican que el reinicio 
de la actividad ovárica posparto en ovejas Tabasco 
ocurrió más tempranamente que en las de raza 
Suffolk y Dorset. Esto concuerda con la observa- 
ción de Valencia et aZ.fl quienes encontraron un 
intervalo de 25 a 60 días entre el parto y el primer 
estro en ovejas T a b a m  en el 'trópico de México., 
Por otro lado Hulet 5 informa intervalos entre par- 
tos de 198 días en ovejas de esta misma raza, lo 
que indicaría un promedio de 48 días abiertos. Gon- 
zález y De Alba' encontraron intervalos promedio 
de 41.5 4 15.9 entre parto y primer estro y de 
225.7 f 50.3 días, entre partos. 
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En el rebaño experimental de ovejas Tabaico 
del Centro de Investigación, Enseñanza y Exten- 
sión en Ganadería Tropical de la Facultad de Me- 
dicina Veterinaria y Zootecnia de In UNAM, en 
Martinez d e  la Torre, Veracruz. se encontró un 
intervalo promedio entre partos de 155 días en las 
primeras ocho ovejas que tuvieron dos partos (Fer- 
nández-Baca S. 1979. Comunicación personal). Las 
ovejas en este Centro se mantienen con macho en 
forma continua y a base de pastoreo solamente. 
Todo lo anterior indica la gran potencialidad de 
las ovejas de la raza Tabasco para su utilización 
en la producción intensiva de carne. 

El comportamiento de las ovejas Suffolk y Dor- 
set fue similar. Pese a que el reinicio de la actividad 
ovárica posparto en ambas fue más tardía que en 
Tabasco, fue interesante observar que a los 45 días 
el 40% de las ovejas se encontraron ciclando. Esto 
contrasta con io informado por Bostedt et a1.m quie- 
nes determinaron la actividad ovárica posparto 
de ovejas Merino Württemberg por medio de los 
niveles de progesterona y encontraron una marc&- 
da estacionalidad. Las ovejas que pariexon entre 
enero y junio, y entre octubre y diciembre iniaa- 
ron su actividad ov;lrica más tardfamente (60.80 
días posparto) que aquellas que pari- entre 
julio y septiembre (50.60 días posparto). 

SUMMARY 

Postpartum ovarian activity was studied in ' ~ m -  
set, Suffolk and T a w  ewes that lambed from 
January 4 to February 23, 1978. Ovarian activity 
was assessed through changes in the circulating 
levels of progesterone determined by RIA. Blood 
samples from 10 ewes of each one of tlie 3 breeds 
were taken on Days 10 and 20 ptpar tum (Day 
0 = day of lambing) and at 5-day intervals the- 
reafter until Day 55. Ail animals were maintained 
under confinements at the Veterinary Faculty's 
Experimental Station at Tepotzotlán, Estado de 
México (near Mexico City) located at 19" 44' ' 
North and 99' 44' West. On Day 30 postpartum 
3 Tabasco ewes showed a marked increase in pro- 
gesterone levels indicating presence of active corpus 
luteum, as compared to one Dorset and no Suffolk 
ewes. On Day 35 the percentages of ewes with 
elevated levels of the steroid were 40, 10 and 10 
for Tabasco, Dorset and Suffolk, respectively. On 
Day 40 the corresponding figures were 60, 20 and 
20. Differences were statistically significant at the 
10% level of probability. Results indicate that 
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resumption of postpartum ovarian activity in Ta- 
basco ewes occurred sooner than in the other t W a  

breeds. This explains the short lambing intends 
which seems to be one of the outstanding clmracter- 
istics of this breed. 

LITERATURA CITADA 

1. BPRMIIDEZ. J. A., LEC#, D. y IJURM, J.: Fuiidamento 
y estudio comparativo de doc   tal os de análisis PIX a- 
turacib. Rev. Med. I.M.S.S., 12: 11-22 (1973). 

2. ‘BOSTFDT, H., Sm.LA. R, and ROQU, P.: 0var;anaktivitTt 
h i m  Schaf in der p a t p a r t a h  p&e. Zuclithvgicne, 
12: 30 (1Wn7). 

3. FOOTL, w. C.; S~IDBAKHT, N. and MADSEN, M. A.: Ri- 
beral estrus, o\ulation and subsequent estrous cyck p- 
tterns iii the ewe. J .  A n i m  sn’., 30; 86 94 (1970). 

4 .  GONZALEZ, A. y DE ALBA, J.: Resultado cconbmico de 
ovinos Pclibuey en el trópic3 seco de M6xico. Asc. Lnfi- 
voot tw .  Prod. Anitn. Mctn., 13: 203-210 (1978). 

5.  HULL^, C. C.: Management of the reproduction in 
sheep. Symp. on repreduction in sheep and goats. SID. 
119-11, Un¡u. of Wisconsin, Madison, Wisconsin (1977). 

6. HUNTER, C. L.: Inmasing frccuency of pregnancy in 
sheep. Anim. Breed Ahfr. ,  3$ 347-378 (1968). 

7.  PANT, H. C., HOPKINSON, C. R. N. and FITZPATRICK, R. J.: 
Chrentration of oestradiol, progesterone, luteinizing 
hormone and follicle stimulating h o m e  in the yugu. 
lar venous plasma of ewes during the oestrous cycle. J .  
Endom., 73: 247 (1977). 

8. Rmw, B. J. and Srruu. B. G.: The influence of mson 

!k agradece al doctor José Arturo ñermiulez por 
las facilidades brindadas en el laboratorio a su 
cargo, para la determinación de progesterqma. 

of lambing and lactation on reproductive activity and 
piasma LH concentntio:i in Mc~ino ewes. J .  Reprod. 

9. STEEL. R. C. D. and T o ~ E ,  J. H.: Principles and Pm- 
d u r a  of Sutistics. McGraw-Hill B o d  Company Im, ,  
New York, 1960. 

10. THORBUIN, C. D BAS-. J. M. and SUm, I. D.: Pro- 
gatfrone concentration in the peripheral pllsmr d 
sheep during the oestcou~ cyde. J .  Endow., 45: 45949 

11. VALENCIA, Z. M.. C ~ s n U a ,  R. H. y &uv~c<n.  J. M.: 
Reproducci6n y manejo del borrego Tab- o Pdi- 
buey. Tdc. Pcc. Mtx., 29: 66-72 (1975). 

12. WUTON, J. S., NEruu, J. NEILLY. A. S. and CUANINCHAU, 
F.: Changes in concentration of folliclc-stimulating hor- 
mone, luteinizing hormone, prolactin and progcatcronc 
in the plasma of elves during the transition from MOCI. 
trua to breeding activity. J .  Etidon.., 75: 127-136 (1977). 

13. YUTHASASTRAKOSOL. P.. PAI.XER, W. N. and HOWUND, 
B. E.: Luteinizing hormone. ~ertrogcn and pmgestmnic 
levels in peripheral serum of anoenuus cnd cycling ewe8 
as detenuined by ndio-immiinmssry. J .  Reprod. Fm., 
43: 5763 (1975). 

FHt., 49: 297-303 (1977). 

(1W) * 

070758 

131 



.J. A. BERMÚDEZ, R. PANiAGUA, F. ARREOLA, J. HERRERA, A. PÉREZ, 
S. Dhz, L. MONDRAGON, S. VILWANM), ANDE. EXAIRE 

The plasma levels of androstenedione (A), testosterone 0, dihydrotestosteroae (DHT), fdlick 
stimulating hormone (FSH), luteinizing hormone (LH), and w i n  (PRL) wen studied in I5 
men (aged 24-50 years) with C-C niul failure u&r perb$c peiitOneai dieiysis. before and 
after mg of elemental zinc (zn) orally, twice a day for thne  weeks. Before treatment. they 
wen divided into three groups: group I, glasi~i A above normal and PRL < lOono/ml; goup 
11. low or normal A levels with PRL < 100 and gmup 111. n d  or hi3i A levels with 
PRL > 100 dml. A A e r d  Zn. piasma FSH, LH, and PRL were unchnpd Moll w; 
however, in groups I and LI plasma A was within normal T and DHT rose sienificuiuy, the A/ 
(T+DHT) ratio decreased to d, d the TlDHT rPti0 rosc above norma). la opup ILI 
plasma androgens nmnid low and 8ndrogcn ratios wcrc unchantpd. oral Za seems to iaiprave 
the conversion of A to T and also ~ l l ~ ~ ~ t r ~ d  the possibüity that pirUna PRL kvels > 100 nJ 
ml might cause a blodrode in the 5 aIfa-rcductasc. 

Key w e :  Androgens; Prdactln; zñc tieabnenl; urwnis 

INTRODUCTION 
A low plasma Zinc (Zn) concentration has been documented as one ofthe biochemical 

alterations present in patients with chronic renal failure (CRF) [21. A negative com- 
iation between plasma Zn levels and the biosynthesis of androgens, indirectly expressed 
by the ratio of androstenedione (A) to testosterone 0 pius dihydrotestosterone (DHT), 
has 'been reported, suggesting a possible role of Zn in the conversion of A to T [9]. 
The present study describes the effects of oral Zn administration on androgen plasma 
concentrations in patients with CRF and its dation with prolactin (PRL). 

MATERIALS AND hlEmoD!s 
Fifteen men with terminal CRF (creatinine clearance C 3 &,in) clinically stable, aged 24- 

SO years, undergoing periodical peritoneal dialysis were studied. Anabolics and hypotensive 
drugs were withdrawn 15 days before the study. The control g w p  included 12 clinically healthy 
men volunteers, aged 28-46 years. 
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Each patient &eived 50 mg of ekmental 2h in sulfate form, orally twice a day for three 
weeks. More a d  afkg treatment fasting hepaiinized Mood samples were obtained at 8:OO AM 

the k t  diaíysis. "he plasma was separated and frozen (-20°C) until the 
determinations weft carried out: Zn, follicle stimulating hormone (FSH), 

luteinizing hormone (LH), and PRL as well as A, T, and DHT [4, 91. 
mean I SEM. The differtnces between grwps were determined 

by the Mann-Whitney's "U" test [ll J for unrelated samples and for paired samples the Wil- 
coxon's tests was used. The correlation analysis was done by the Ke 

RESULl3 

Before Zn therapy the patients were divided in three groups: group I, plasm A above 
normal and PRL C 100 ng/ml; g o u p  11, low or normal A levels and PRL C 100 @d; 
and group HI, n o m d  or elev veis and PRL C 100 &d. 

After three weeks of orai Z stration, the piasma Zn levels clearly tose in dl 
groups O, <0.05); however, no signiñcant c h m s  in FSH, LH, or PRL were sccn in 
any group. Nevertheless, in p u p  I this treatment caused a decrease in A and a ckar 

~ rise in T, both within normal limits; DHT significantly increased, but still below normal. 
The previously elevated A/(" + DHT) ratio became nonnal and the normal T/DH" ratio 
increased. In group 11, A'rcmained normal but T levbls markedly increased and plasma 
DHT rose to nearly normal. The A/(T+DHT) and TDHT ratios exhibited changes 
similar to those seen in group I. In group iiI, A remained elevated, T and DH" low. 
Consequently, the N(T + DHT) and TDHT ratios remained unchanged. Combwing 
the three groups, a significant positive correlation was observed between T concentra- 
tions after Zn replacement and PRL concentrations (t=0.49, p C 0.01), 

DISCUSSION 
The Zn defficiency associated with CRF [2, 81 has been at least partially related to 

the abnormal androgen biosynthesis present in uremic men. The observation that Zn 
administered by the dialysis bath improves plasma testosterone supports this hypothesis 
[l]. However, the precise role of Zn on androgen metabolism remains obscure as yet. 
The present results demonstrated that after oral Zn supplementation T increased sig- 
nificantly in group I (elevated plasma A) and in group I1 (normal plasma A), which was 
also reflected by the increment in the A/(T+DHT) ratio in both groups. These findings 
suggest that Zn may faciiitate the 17 beta-OH steroid dehydrogenase enzyme activity 
and thus enhances the conversion of A t o  T. 

Another interesting observation was that only in groups I and II (both with plasma 
PRL < 100 @mi) did plasma T become normai after Zn treatment. Thus, high piasma 
PRL concentrations (> 100 ng/mi) may also play an important role in testosterone 
biosynthesis in CRF, similar to those cases with a pituitary adenoma [3], since the 
blocking action of prolactin on the 5 alpha-reductase enzyme activity is well documented 
[A. This in twn; could explain in part the persistent low levels of DHT in ail patients 
and the elevation of the TDHT ratio after Zn treatment only in groups I and U. The 
presence of hyperprolactinemia in CKF is fairly well known [5,61; although there are 

Results were express«i 

codftcient. 



discrepancies about its frequency and origin it scems not to be due to blood accumu. 
lation secondary to the decreased renal clearance rate [lo]. 
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E. EXAIRE, R. PANIAGUA, F. ARREOLA, J. HERRERA, A. PÉREZ, S. Db, 
.L. MONDRAGÓN, F. GÓMEZ-ORTA, S. VILLALPANDO, 
AND J. A. BERM~DEZ 

plasma zinc (Zn), follicle stimulating hormone (FSH). luteinizing honnone (LH), prolactin 
(PRL), and androgens concentrations were detennincd in 15 male patients with chronic renal 
failure who were successful recipients of a kidney transpiant. Afier 25 28.5 months of the renal 
transplant, Zn levels were (8824 ddl) lower than in the control group (11625 @di). Nonnal 
concentrations for androstenedione (A) (0.63 20.05 ng/mi) and testosterone O (3.31 20. IS ng/ 
mi) were found. Dihydrotestosterom (DHD levels (0.38t0.01 ng/mN were lower than normal 
(1 .1 1 20.09 ng/mi), suggesting a blockade in the conversion of T to DHT. Eievep of the 1s 
patients showed higher PRL levels (9.520.8 ng/mi) in Contrast with the normal group(3.6tO.3 
ng/ml). Ten patients received orally 2 - ~ b r o m o c ~ n p t i n c  (BEC) 2.5 W d a y  for ten days. 
Piasma PRL decreased to 2.62 1.0 ng/d  @<0.001). but A and T levels did not significantly 
change; however, DHT increased from 0.38+0.ot ng/d  to 0.7220.04 ngiml (pc0.01). AU 
patients showed an increase in both gonadotropins before BEC without significant changes 
after treatment. "he high PRL levels may k responsibk for the impaired conversion of T to 
DHT, possibly by interference with the enzyme 5 a-reductase. 

Key W-: Zinc; Proiscün; Gansdolrophis; Androgens; Kidney trerwplant; ümmwgom 'pthie. 

INTRODUCTION 
The impairment in androgen biosynthesis is partially related to a zinc (Zn) deficiency' 

and high prolactin levels in patients with chronic renal failure (CRF). The oral admin- 
istration of Zn improves their, plasma androgen levels depending on the magnitude of 
the hyperprolactinemia 12, 191. However, ail these hormonal changes are frequently 
reversed also when a kidney transplant is performed [1, 3,9,11,211. The present study 
was undertaken in a group of patients who had undergone successful kidney transplants 
in order to study the effect of the improvement in kidney function upon the plasma 
Zn, prolactin (PRL), gonadotropins, and androgen concentrations before and after 
bromoergocriptine administration. 
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MATERIALS AND METHODS 

Fifteen aduit men (aged 3212.3 years) with CRF and a subsequent successful renal transplant 
were studied. In 13, the initial diagnosis was chronic gbmerulonephntis, 1 had poiycyst¡c kidneys, 
and 1 had a chronic pyelonephritis. The gmíi soutce was from a living donor in eight cases and 
from cadavers in the other seven. The average posttransplant period at the time of the study 
was 2528.5 months. all the patients being treated with prednisone (5-12.5 mgídaily). The average 
creatinine clearancc rate at  the time of study was 9915 mümin. All antihypertensive drugs were 
eliminated for at least 15 days prior to the study. After the initial studies were carried out, IO 
out of the 15 patients received o d y  2-a-bromoeq~pt inc  (BEC) 2.5 mg/day over a period of 
10 days. Twelve healthy age-matched men .were used as the control group. 

In all subjects a heparinized Mood samplk was obtained at 8:OO AM, and the plasma separated 
and kept frozen at -20°C until the followmg duplicate determinations were carried out: Zn 
concentration was measured by atomic absorption spectrophotometry IS]; follicle stimulating 
hormone (FSH), luteinkng hormone (LH), PRL, androstenedione (A), testosterone (T), and 
dihydrotestosteronc (DHT) concentrations were measured by previously described radioim- 
munoassays [2, 191. Statistical analysis was done by means of the Mann-Withney U-test for 

les and the correkition coefficients were established by the least square method 

RESULTS 
Before BEC the transplanted group had a lower plasma Zn concentration than the 

control group (Table 1) (p<O.OI). FSH, LH, and PRL concentrations were higher in 
the transplanted patients than in controls (~~0 .01 ) .  No significant differences in A and 
T levels existed between both 'groups; however, DHT was lower in the transplanted 
than in the control group (p<O.OI). The A/(T + DHT) ratio was similar in both groups, 
but the TDHT ratio was higher in the transplanted than in the control group (p<O.Ol). 
When the control subjects and the transplanted patients before BEC therapy were 
analyzed together a logarithmic correlation was found between PRL concentrations 
and the TDHT ratio (r=0.78, pCO.01). 

After 10 days of BEC therapy, the only sig&ilt>aat changes observed were a significant 

TABLE 1 iionwul proeks in Coabdi and ' k m p h ü d  Rtleng Befere d Alter te 
BromargoerlpHm Therapy (BFX). Man f SEM 

Zn FSH LH PRL A T DHT 
GROUP Wdl )  W m i )  (ng/mi) (nglml) (ndml) (@mi) ( d m l )  IVIT+DHT) TDHT 

Controls 
n=12 11625 301251 10829 3.620.3 0.5620.05 3.320.1 l . I t O . l  0.13?0.01 3.220.3 

Before BEC 88e4 9421219 235+36 9.5i0.8 0.620.1 3.820.2 0.3+0.02 0.15+0.01 10.1k0.7 
ín = 15) U O O O NS NS O NS O 

After BEC 8533 725t l72 203t31 2.621.0 0.820.2 4.010.3 0.7a0.04 0.17+0.01 5.6120.42 
(n = 10) NS NS NS b NS NS b NS b 

h S p l M t e d  

p<O.Ol compared with controls. 
*p-=O.Ool comparcd won therapy. 
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decrease in PRL levels (p<O.OI), as well as in the TDHT ratio (p<O.Ol), the latter as 
a consequence of the significant rise in plasma DHT (pc0.01). 

1 

DISCUSSION 
i t  has been postulated that the decreased T concentrations in patients with CRF are 

indirect evidence of a decreased convertion of A to T, secondary to the uremic state 
[5] and a Zn deficiency {IS]. The fact that in our transplanted patients the A and T 
levels (and thus, the A/T ratio) were normal despite a Zn level lower than normal might 
be due to (a) a threshold in the plasma Zn concentrations above which A-to-T conversion 
begins to normalize (we have provided information suggesting that such threshold in 
plasma Zn levels was between 80-90 &dl [2, 19]), or (b) factors other than the above 
mentioned that may influence A-to-T conversion. 

In the transplanted patients, plasma DHT continued to be low, suggesting a partial 
block in the conversion of T to DHT. No information exists about a persistent decrease 
in DHT in spite of a successful kidney traiispknt and normal plasma levels of T. This 

A 
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apparent slowing in the activity of 5 alpha reductase might be related to the elevated 
PRL levels in this group of patients, since its activity is reduced by high PRL levels 
[IS]. The clear improvement in plasma DHT and the TDHT ratio,after BEC therapy 
observed in the transplanted patients would further support this viewpoint. There is a 
high incidence of hyperprolactinemia among patients with CRF 14, 6*, 7, 81, although 
its cause remains to be elucidated. Eleven out of 15 successfully transplanted patients 
remained with elevated prolactin levels, which cannot be explained on thei basis of PRL 
accumulation since the renal function was normal in all our transplanted subjects. 
However, after BEC therapy there was a significant decrease in prolactin levels, si- 
multaneous with a clear rise in DHT concentrations; consequently the T/DHT ratio 
significantly decreased. This observation supports the hypothesis on the effect 
of high PRL levels upon the activity of the 5 alpha reductase enz hus, a 
more prolonged therapy with BEC might be useful to correct this 

The persistent elevations of FSH and LH in the transplanted patients before and 
after BEC have not been clearly explained, although an exaggerated pituitary response 
to gonadotropin releasing hormones has been reported to exist in these patients [ T6, 
171. 
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R. PANIAGUA, F. ARREOLA, J. HERREM, A. hWw, S. DíM, 
L. MONJM~ACM~N~ O. SERENO, S. VILLALPANDO, E. &uRE. 
AND J. A. BERMODEZ 

This study correlates pirrme kvclr of Zinc íZn) end some pitdiary end testiculPr hormones 
in 20 unmic men (aged 17-58 years) on e weekly periton@ dirlysis p m .  W e n t s  were 
comparrd to I2 healthy Mk vdunteen (aged 28-40 years). In u d  men, pisune andros- 
tenedione (A) was ekveted. whik testosterone (T). dihydrotcstostcronc IDHT). and Zn were 
low. On a group basis, plasma fdkk stimulating hormone (FSH) end IuteiNzi~ homnme 
(LH) were n o d  while piidaccin was increased. A M g t i v e  comlstion waa obsmed between 
plasme A end LH kvels. es well as @tween tile A/T+ DHT ratio end plasma Zn concentrations. 
Our rertiltq suggest e diminished A-to-T conversion end point to the pW~ibk rok of Zn in the 
enzyme&ivity of the 17 Phydroxystertki dehydrogenase. 

Kmy Wordr: anC; Pituitary hamone8: Testiailai homonos; Uremia. 

iNTRODUCTiON 
Several endocrine abnormalities have b a n  described in patients with chmnic rend 

failure (CRF), such as a decrcue in piasma concentrations of testosterone 0 and 
dihydrotestosterone (DHT) in the face of n d  ptasjna'lutsjnizing SiOraaone (LH) 
Ievels, despite the normal pituitary reserve present in these patients [2,5,6,7, 14, i8J. 
Also a decrease in plasma zinc (Zn) levels has been reported in CRF [4,9]. The oral 
administration of Zn is followed by an improvement both in piasma T levels and in 
sexual potency [I]. 

The present study was undertaken to analyze the plasma levels of Zn and some 
pituitary and testicular hormones in uremic men, attempting to offer some possible 
explanations for the hormonal abnormalities present in patients with CRF. 

MATERIAL AND METHOíM 
Subjects. Twenty men aged 17-58 years with terminal CRF (creatinine c¡earance 3 mümin) 

on a weekly peritoneal dialysis program were studied. Two weeks before the study, anabolics, 
*methyl dopa, and propranold were withdrawn. The results were compartd to those obtained 
in 12 normal adult male volunteers. aged 28-46 years. In both groups fasting heparinized blood 
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samples were taken at 800 AM. in CRF patients, this sampk represented 12 hr after the last 
dialysis. The plasma was separated and s t d  at -20°C until assayed. 

Anulyfical Methods. On each plasma sampk the following duplicate determinations were 
carried out: Zinc [SI; FSH, LH. and prolactin (PRL) by commercially available kits (International 
CIS-SORIN, France) and the results were expressed M nS/d (IRE-STANDARD), with I ng 
equivalent to 180 ng LER 907 for FSH, to 45 ng LER 907 for LH, and to 30.4 U1 MRC 75404 
for PRL. A, T, and DHT were mcosured by radbimmunoassays previously descrhd (12, 131. 
For the statistical analysis the results were expressed as mean lc SEM and the differences 
between groups were determined by the Man-Whitncy’s “U” test for unrelated sampks and 
the correlation coefficients by the least squares approach. The level of statistical significance 
considerea was p < 0.05 1201. 

RESULTS 
The individual values, as well as the mean f SEM in healthy subjects and patients 

with CRF, are shown in Fig. 1. The patients with CRF showed a considerable reduction 
in plasma Zn concentrations in comparison to control values (p < 0.05). However, on 
a group basis, no differences were found neither in FSH or LH. There was an obvious 
increment in PRL plasma concentrations in the CR patients as compared to control 
(p < 0.01). Testosterone and DHT levels were much lower in the CRF group than in 
the’controls (p <0.01). An inverse pattern for A was found with higher values in CRF 
than in controls (p <0.05). This increment in plasma A was more evident when ex- 
pressed as the AfF + DHT ratio, which was found higher in the former than in the latter 
group íp CO.01). A significant negative quadratic correlation was disclosed between 
Zn plasma levels and A/T + DHT ratio (r = 0.65, p ~0.05) (Fig. 2a). A similar correlation 
was found between plasma A and LH levels, r=0.6, p <0.01 (Fig. 2b). No correlation 
was found in plasma T or DHT and LH levels. The TDHT ratio was 0.83 in CRF 
significantly lower than in the control group 3.26 2 0.37 (p <0.01). 

DISCUSSION 

The low levels in plasma T concentrations have been considered as a determinant 
factor for impotence and decreased libido. Although some reports have suggested a 
primary testicular disorder [ 10, 1 f 1, there is not enough information in relation with the 
effect of uremia on steroidogenesis. Recently, it has been questioned if the reduced T 
values are a direct consequence of CRF or are indirectly caused by the Zn depletion 
[ 1 , 4, 91. Our results showed a distinct elevation of plasma A along with a diminution 
of T and DHT, which suggest a block in the enzymatic conversion of A to T. This 
possibility seems to be partially supported by the observed negative correlation between 
A/T + DHT ratio and Zn concentration as well as the low T/DHT ratio. With these data 
it seems likely that Zn may play an important role in the diminished convertion of A 
to T, although the mechanism remains unclear as yet. However, there are two possible 
explanations: ‘First, Zn may have interactions with the 17p-hydrolrysteroid dehydro- 
genase ( 1  7WHSD) as metaioenzyme or acting as an activator [ 171. In the dwarf mice, 



I# ,  

loo, 

.j 
3 

eo, 

O, 

t n  

P R O L A C T I N  

T 

'3 yf-1 I 

F S H  L H  

A N D R O G E N S  

A f DHf 

. I  r4-l 

i -1 
' t  1 - 1  

prolactin administered subcutaaeously, increases the 17WHSD activity [ 151 and since 
I the CRF patients studied had high plasma p h t i n  levels it is likely that the low Zn 

concentration was critical to evidence the reduced enzyme activity in a n d m e n  syn- 
thesis. The second possibility takes into account the role ofZn as a membrane protecting 
sylent, giving support to the m e m b d  enzymes, as is the case for the 17pOHSD [3]. 
It was found an inverse cortehition between plasma A and LH levels, which could 
explain the presence of normel piasma LH kvels in the p rk t tx  of usually low T and 
DHT concentrations, since the antigonadotrophic effect of A id other species has been 
previously documented [ 16, 191. 
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ESTUDIOS ORIGINALES 

CORRELACION ENTRE CINC, PROLAC"& CONAMP"R0FiNAS Y 
ANDROGENOQ PLASMATICOS EN HOMBRES CON INSUFICIENCIA 
RENAL CRONICA 

CORRELATIONSHIP B I C E E N  ZINC, PROLACTIN, 
C O N A m O P H I N S  AND PLASMA ANDROGENS IN MEN WITR 
CHRONIC RENAL FAILURE 

A. I%HEz,* R.  PA~IIACUA,* F. ARRFBLA,** J. HERRERA,** S. ilk,** 
I,. MONDRAG~N,** ; S. VILI,AI.I'ANDo,** J. A. UERMI~DEZ *** y E. EXAIRE * 

RESUMEN 
En 20 hombres u r h i a m  en progra- 

ma de diáiisisl peritoneal intermitente 
(DPI) se estudiaron las eOneentraa0- 
nee plasmáticae de cinc (Zn), hormona 
eetimuiante del folículo (FSH), hor- 
mona luteuiizsnte (LH), prdartha 
(PRL), testosterona (T), dihidmtestae- 
temna (DHT) y androstenediona (A). 
Se encontró una importante h i n u -  
eión de Zn, T y DHT, eon aumento de 
A y PRL en relación a 12 controles sa- 
nos. FSH y LH estuvieron normales 
Ins resultados ae interpretarm eomo 

ABSTRACT 
Zinc (Zn) plasma ctmcentration, fd- 

lide stimulating hormone (FSH), lutein- 
izing hormone (LH), prdaetion (PRL), 
testuderone (T) , di hid rot estostcronc 
(DHT) and androetenedionc (A), were 
measured in 20 uremic maks undergo- 
ing an intermitent peritoneal dfalyais 
program. Zn, T and DHT were lower 
than normal and significant incrtmcnts 
in A and PRL were found. FSH and LH 
were similar to n o d .  This resulta in- 
dicate a deficience in A to T etnp  which 

I 

* &I Hospital de Especialidades, Centro Médico "La Raza", IiiISS. 
** Del Wepita Ida Pediatría, Centro Médico Nacional, I=. 

*** Del hpartamento de Investigación BiomCdica, Centro M&iico Naciond, IMS. 
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un deficiente paso de A a T que parece W ~ E  statistically related to serum Zn. 
relaaonado B la deficiencia de Zn pues- Nmmal LH may be explained by A in- 
to que el índice A/T+DHT comelad& crement since hypophyseal inhibitory 
n6 con Zn, asimismo la elevación de A efect has been demonstrated. 
explica la normalidad de LH puesto que 
tiene efecto inhibitorio en la hipófisis. 

I”l’I¿O1>1 <.cii,s . . 
, , .,. . I > ”  .., 

! 

~ ~ . ~ * p j & m a $ e n t p d e  24 baños de 2 1 cada uno . ,.. . .  
‘,:- 5.. q: g q p r ;  “mapa. Todos habían tenido vida se- 

x JSTI.:x importantes aiheraciones endo- xual activa previa a la e n f e n n b d  rena! 

nal crónica en estado-terminal. entre ellos cstp&, y suspendió toda medicación con 
sc ha enfatieado la disminución de T y PHT e. cfTeps ..conocidos en los niveles Iiorinonn- 
con una aparente paradójica n o r d i d a d  de les, especjallnente anabólicos, iiietikiopa. y 
LH con reserva hipofisiaria también nor- propranclol. Para comparación se efectua- 

Aunque mucho se ha h c u -  ron los mismos estudios hormonales en 12 
brado acerca del origen de estas alteracio- Iiombres Sanos cm dades similares 
ires, pocos avances p&ticos se habían lo- 
grado hasta que se relacionh la deiiciencia 

Las muestras para estudio se torimron de Zn coniiinniente vista en sujetos ur4micos 
a las 8 am., 12 horas desptiés del íiltimo y las alteracioties sexuales, relación que 

fue confirmada cuando al administrar Zn procediiniento dialítico y consistieron en 
20 ml de s i n g e  venosa heparinizadn de en el líquido de tliálisis se observó mejoría 
donde se separó el plasma que se mantuvo en #hi ctincentraribli de T y en la paeneia 

sexual. I cn congelación hasta efectuar las medicio- 
iies. 

~ a i t a  el mame esconoce el me- 
;az,jn* Por duplicado se midi6 por e5pktr6fOtO- canismo (le accilóri 

aquí se estudia la c ion de vanas her- metría de absorcih atómica la toncentra- 
monas del eje hipotalamo-hipofisis-testículo, ción de Zn y por RIA con equipos comer- 
tratando de dilucidar el ppei de 211 eh las ciales (CIS-SORIN-Francia) FSI-I, L€I 
alteraciones endrminas sexuales de la IRC. PRL. La T, QHT y A se midieron tam- 

bién iiieciiaiite RIA previa extracciún y crO- 
MATERIAL Y Mkronos matografía en placa fina según técnicas des- 

critas previanmte. 12913 Se estudiaron 20 pacientes niascuiinos 
con IRC, sus edades fluctuaron entre 17 LOS resultad expresan come valor 
y 58 d o s .  AI inoinento del estudio sus de- medio&& E y las pruebas estadísticas apli- 
pwacioms de creatinina fueron inferiores cadas fueron,: “U” de Mwn Whitney para 
a 3 mlhiin. y recibían tratamiento dialitico inueStras híependientes, y mínimos cua- 

I .  

mal. 2,5,%7,14,1f4 
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drados para fa regresión y ~0rdaciÓn.’~ 
El nivel de significancia fue fijado en 0.05. 

I 

 RESULTA^ 

La figura 1 resume los resultados obte- 
nidos. Los pacientes con IRC tuvieron 
una importante redacción del Zn plasrnático 
(p<0.01). 
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Las hormonas FSH y LH ai te0 dos 
grupoe fueron similares, sin embargo PRI. 
mostrt5 un incremento de aproximadamente 
30 v e s  sobre los niveles de loa sujetos 
Control (p<O.Ol). 

T y DHT estuvieron disminuidas a un 
10 y & 40% respectivamente de los d o r e s  
normales (p<O.Ol), en cambio A fue en 
promedio el doble del control. 

O’ 



En ia figura 2 se muestra la relación 
togarítmica entre Zn y el índice A/T+ 
DHT que resultó significativo (r = - 0.G 
p<O.O1). No se encontró correlación entre 
las demás hormonas analizadas entre si 
ni con las concentraciones de Zn. 

l)ISCUSI6N 

La mayor parte de la literatura relauo- 
ilada con este tema indica que la alteración 
hormonal principal radica en el testkub lo~ll 

señalando como responsable entre otros a 
fallas enháticas causadas por el estado 
d k ~ i c o  o hien a la desnutrición de estos 
pacientes o a la hiperprolactinemia. FIP co- 
iiocida desde hace tiempo la deplecih de Zn 
de estos pacientes,'JJ y también se sabe 
que ía wrencih de este eiemento produce 
regresión o no aparición de los caracteres 
sexuales secundarios. l7 Ambas premisas 
llevaron recientemente a probar si la admi- 

iiistración de Zn mejora la potencia sexual 
y la conce~tnción de T circulante, encon- 
trándose efectos positivos en los dos pari- 
metros. Nuestros resultados sugieren que 
d sitio de acción del Zn está en el paso de 
A a T, puesto que la primera está elevada 
y la segunda disminuida, así como por la 
correlación establecida entre Zn y el índice 
A/T+DHT. No podemos sín embnrgo pre- 
cisar el mecanismo de acción de Ln aunque 
tomando en cuenta que es parte del sitio 
activo de varias enzimas cahe la posibiili- 
dad de que la encargada de la transforma- 
ción de A a T sea una xnetaloenzba Zn 
dependiente. No hay hasta la fecha infor- 
mación sobre este hecho. La enzima men- 
cionada (17 B hidroxiesteroide diliidroge- 
nasa) se sabe que es modulada por PRL, 
de manera que una modulación positiva 
deficiente no puede agumaitarse porque 
contamos coll hiperpiolactkmk en estos 
pacientes. Toda hormona @ é k ,  una vez 

O 
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que se une al receptor específico e induce. 
actividad es desprendida de b niembrana 
por peptidasas específicas que la liberan eo- 
in0 Hormona Receptor. Recientemente se 
I i a  dmuiiieiitatlo que el Zn estabiliza, e l  
complejo LI-I-Receptor en testículo, de rata 
y le protege de las peptidasas,pudiendo de 
esta niaaera njejorar la calidad de..,estimu- 
laciOn de LTi. ** Este niecanismo alterado 
cn , el iircinico, es una probable explicación 
íi iiiiestros hallazgos. Otra posibilidad de 

a c u h  del ZiI menos específm, .sr.ja ,a;tra- 
vés. de su papel como protector ..de, mem- 
brana dado que la I7 B hidrm&staQide 
dhidrogerUis:i es una enzima de membrana. 

Una observicióii interesante es*'i2imrrc- 
laciríti entre LH y A. Si' cori'sid&cis 
que .\ ticiic actividad antigonadotrófica w''' 
sc yiiede explicar la poca o nula .elevaubii 
de J.H en presencia de T baja y la respues- 
ta normal de 1.13 a la hormona libeiadora. Ih 
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EFECM) DE LA ADMINISTRACION DE CINC SOBRE Ul6 
ANIXWGENOS EN EL HOMBRE CON INSUFICIENCIA RENAL 
CRONICA 

EFFECT OF ZINC ADMIMISTRATION ON PLASMA ANDROGEN 'OF 
MEN WITH CHRONIC RENAL FAILURE 

R. )'ANJAG?.iA,* F. AKRE:OLX,** A. PEw$z,* J. HE&RA,** S. DIM,** 
L. MONI)R.4C6N,** s. VJI.l.ALPANDO,** J. A. RERMI~DEZ*** y E. EXAIRE* 

1log «111 Insuficiencia Renal crónica 
(IRC) y depuración de creatinina Me- 
rior a 3 mi/rnin, mantenidos en trata- 
miento de diáiisis perihned intermiten- 
te, el efecto de Is administradbri eral 
desuIfatodeciiic(Za)sdmiosandrb 
gmoa, goasdotrofinas y prelsctina 
(PRL). Después; de 3 semanas de inge- 
rir el elemento se obmmó un franco 
inasmento del Zn piasniáticb en todoe 
los enfern- con aumento de Ea testae 
terana (T) hasta cifras n o d e s  en 
aqueiloe pacientea en Iss que la PRL no 

-- 
* Del Hospital de Especialidades, Centro Médico "La Raza", I M S .  

** üel Hoephi de Pediatría, centro Médico Nacional, IMSS. 
**+ Del Departamento de Investigación Biomédica, Centro Médico Naeiond, IblSS. 
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cataba extrmrdinariamente elevada. 
No se obtuvo cambio dgnificativo en 
los vaiores de andnistenediona (A), Di- 
hidmtestosfeiona (DHT) ? gonadotmfi- 
nas ni en la PRL. Estos resultados son 
sugestivos de que el Zn actúa como 
protector de membrana f8vordendo la 
síntesis de T, y de que la PRL tiene un 
efecto negativo en la sintesis de andró- 
genos, actuando sobre la Sa reductasa. 

INTRODUCCI~N 

LAS muchas alteraciones bioquímicas A observadas en la IRC se ha sumado 
una deficiencia real o relativa de Zn.'I* Eti 
tin informe previo hemos documentado que 
existe relación, al menos estadística, entre! 
la concentración plasmática de Zn y la sín- 
tesis alterada de andrógenos en la IRC 
cuando se expresa como el cociente A/T+ 
DHT, que traduce una conversión deficien- 
te de A a T y DHT.S Estos datos con- 
cuerdan con el conocimiento previo de que 
en la deprivación experimental de Zn en 
hombres sanos, disminuye el nivel sérico 
de T4 y que la administración de suple- 
mentos de Zni incrementa T sérica y la ií- 
b i b  en hombres urémicos. . 

En este estudio damos a conocer el efec- 
to de la adniinistración oral de Zn sobre 
varias hormonas del eje hipotálamo-hip& 
fisk-testículo de hombres con IRC. 

MATERIAL Y MEro~os 

El estudio se realizó en 15 pacientck mas- 
culinos con IRC bioquímicamente &tables 

nificant changes in A, DHT, g o d o -  
trophina or PRL. l2esalta, erigest than 
Zn acts as a membrane protecting agmt 
improving T syntesis and a negative 
effect of PRL on andregen syntesis, 
spedfically on 5a reductase. 
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que recibían tratamiento de didisis p&ito- 
neal intermitente semanaria con función 
renal residual menor de 3 ml/min de de- 
puración de creatimiia. Sus edades varia- 
ron de 24 a 50 arios. 

I 
I 

Dos seiiianas antes del estúdio se suspcn- 
dieron todos los medicanxntos con acción 
mnocicla sobre In síntesis de andrbgenos 
y niveles de PRI, en especial antihipertcn- 
sivos y aiiabblicos. Coino grupo control se 
tomaron 12 sujetos sanos de edades com- 
parables. 

Los pacientes recibieron sulfato de Zn 
equivalente a 50 mg de Zn elemental por vía 
oral dos veces al día por 3 semanas. Antes 
y despds del tratamiento se obtuviefoti 15 
ml de sangre venosa heparinizada. Todas 
las muestras se tomaron a las S am.  Bn las 
pacientes se obtuvo entre 12 y 1& &as des- 
pués de concluida la última diálisis. El plas- 
ma se separó por centrifugación y se man- 
tuvo congelada a -2OOC hasta que se efec- 
tuaron las mediciones. 

El Zn se cuantificó mediante espectros- 
copía de absorción atómica6 Las hormo- 
nas folícuio estimulante (FSH), luteini- 
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aignificativaiiiente baja en la etapa inicial : 
0.58~0.19 ; 0.36+0.09 y 0.40+0.18 ng/ml 
]tara los griipos I, IJ y 111 respectivamente. 
J)espuCs del tratainiento ascendieron los 
niveles eii, el grufib I a 3.9;ort0.& ng/mi 

en el g - ~ q m  í I  a 2.22+0.69, En ambos 
cams la diferencia con 10s valorcs iniciales 
fue sigiiificativa ( p<O.O,i) - y los finales 
cayeron en rango mrnial (3.31&0.16 ng/ 
inl) en el grupo I y ligera!iiente abajo en el 
g r t i p  11. El grupo 111 no sufrió altera- 
ción alguna permaneciendo inferior a lo 
normal. 'I'omñdos en conjuiito 10s 3 gru- 
~JOS,  se rticontrb correlación (p<O.Ol ) en- 
tre l a  concentración de T final y PRI,. 

la I" aunque se elevb con el trata- 
iiiiento en los grtil'os 1 y TJ, el incremento 
I tuvo importancia práctica pqeito que, 
no aicnnzi) en ningún rnonieiito a'entrar e;i 
cifras normales ( 1.1 110.09 ng/mi). Los 
tiatos nuniéricos fueron : grupo I 0.18+0.04 
y 0.42t0.06, grupo I1 0.12rtO.02 y 0.26~ 
0.04 y griipo I11 0.28-+0.11 p 0.21+0.08 
ng/m1. 

I )iS<'USI6N 

l b  hoiiilxes sanos existe correlación li- 
i l e a l  entre T y Zn l2 y cuando hay careida 
Ile este últinio tanto ent animales como en 
humanos la T disminuye. 'u En un peque- 
iío grupo de pacientes se ha podido ubser- 
var que el tratamiento ccm Zn mejora la lí- 
hido y las concentraciones séricas de T.G 

Sin enihrgo este no es tin hallazgo cons- 
tante. I n  

En un irifornie previo a mencionamos que 
el Zn puede actuar de manera inespecífica 
como protector de membrana. Los resqi- 
tados aquí presentados apoyan esta posibi- 
liclad ya  que dentro en el grupo I c& A 
elevada como en el gru-po I1 con A nomal 
se increnientó la T. 
Es importante hacer ' w a r  que en el gru- 

po 111 con prolactiva excesivamente alta 
no se modificó T, y que liubo correlación 
ciitre T y PRL. Es posibie que PRL ten- 
ga efecto negativo en.'l;i síntesis de andrd- 
geiios igual que ocurre en sujetos con ade- 
nonias hipofisiarios. '' Esta misma hiyerpro- 
lactinemia puede ser res-ponsable de la falta 
de respuesta en los niveles de DTH puesto 
que la enzima Sa reductas3 es modulada 
negativamente por la cantidad de PRT, cir- 
ciilante. 

La hiperprolactinemia de la 1RC es un 
hecho conocido ''J' si bien se ignora su cau- 
sa. La pobra depuracióu renal de PRL no 
lo cxplica por sí sola.1s Informes previos 
han sugerido que en pacientes con hipopa- 
ratiroidismo y función renal normal la in- 
fusión aguda de hsrmona paratiroidea eleva 
la PRL circulante, I* igualmente la parati- 
roidectomía mejora la concentración de T 
en pacientes con IRC."-*' La causa del au- 
inento en PRL no está esclarecida y la hor- 
mona paratiroidea puede tener una influen- 
cia importante en relación con la función 
gonadal y las alteraciones de la líbido en 
JRC. 
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Cononseed Flour Effects on Androgen Testicular Content 
and Serum Levels in Rats 

. J. HERRERA. I MONTALVO. M. T. GONZALEZ-GARZA. A. SOTELO. 
ANDJ. A. BEHMÚDEZ 

Natural gossypol present in the whole cottonseed flour (CSF) has clear antifertility properties. 
decreasing the number and motility of spermatozoa. In this study the endocrine function of the 
irnies was evaluated. measuring by specific radioimmunoassays the testiculíír content and the 
strum levels of androstenedione (A), tesíosterone (T1. and Sa-dih ydrotestosterone in male rats 
fed with dinerent and nontoxic concentrations of CSF along with h n n a  chow for 4 weeks. 
followed by 6 weeks of a recovery period. The testicular content of A. T. and DHT decreased 
6396, %I%, and 38%. respectively, in comparison with their conirol. The serum levels of the 
three androgens diminished as follows: A 74%. T 9S%, and DHT 60%. All the Steroids measured 
iii the recovery penod showed a tendency towards the control values in both lesticiilar content 
& serum. The most afFected steroid was testosterone. which, after the recovery pcriod, did 
mt reach the control values. A also decreased, suggesting a blockade in testicular stet&&- 
genesis caused by the initial diet. 

Key Wotd.: Gossypol; Testis; Androgens; Biosynthesis. .. 

INTRODUCTION 
The antifertility effect of gossypol and its effectiveness at doses below the cytoloxical 

ones have been investigated [ I ,  lo]. The existence of specific changes in quantity, 
motility, and structure of spermatozoa has been shown ip studies performed in vivo, 
as well as in vitro 13.5, 9, 121. Howcwr, its effect on testicular steroidogenesis is still 
unclear, as neither changes in androgen levels [ l ,  101 nor diminution of plasmatic 
testosterone values, according to a dose-effect rclationship and an unspecific blockade 
in the steroidogenic pathways, has been demonstrated [8]. Gossypol was used in these 
studies either in its gossypol-acetic acid or its pure forms. A similar antifertility effect 
was found in rats fed with whole cottonseed flour (CSF) as a natural gossypol source 
[ll]. To correlate those findings with changes in the endocririe testicular function, 

. plasmatic and testicular contents of three active androgens-androstenedione (A), tes- 
tosterone 0, and 5a dihydrotestosterone (DHT)-were measured using specific ra- 
dioimmunoassays (RIA) in male rats fed with CSF-supplemented diet. 
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hlATERIALS AND METHODS 1 

Preparation and evaluation of CSF-supplemented diets have k e n  described 1 I I]. Diets con- 
taining 10% total protcin complemented with four different CSF concentrations. were prepared 
as follows: I- lOoT0 protein defatted CSF; 11-whole CSF-Purina Chow 25%:75%; 111-Whole 
CSF-Piirina Chow 3S%:65%; IV-Whole CSF:Purina Chow 50%:50%; and a control (C) diet 
with 1 W o  protein Purina Chow. The experimental procedure has also been described I1  I]. 
Briefly, fifty Cpraguc-Dawley male rats with an average weight of 300 g were divided into five 
groups of ten animals each and fed with the dicts already described over a period of 4 weeks. 
At the end of the exposurc period, four anímais from each group were killed by decapitation. 
their blood was collected. and the testes separated; the remaining animals were fed with a Purina 
Chow diet during the following 3 or 6 weeks to allow their recovery, prior to their being killed. 

Serum was obtained by centrifugation at 1,500 g/lO min. Testes were decapsulated and ho- 
mogenized in buffered saline to a final volume of 5 ml. Aliquots of the hornogenates were kept 
frozen until the assay was performed. Radioimmunoassay methods were similar to those pre- 
viously described 12, 6, 71. To serum or homogenate aliquots, io00 cpm of each steroid were 
added as a tracer, steroids were extracted with 10 ml ethylic ether, and the aqueous phase was 
frozen in acetone-dry-ice in order to completely separate the organic phase. After solvent evap- 
oration, residues wtre applied to silica thin layer chromatographic plates and developed in each 
one of the followitig systems: (a) bencene, (b) bencene-ethyl acetate (7:3), and (c) bcncene- 
methanol (9: I). The steroids were eluted with ethylic ether-methanol (9: I )  in order to recover 
the tracer and proceed with specific RIAs. The antibodies used were prepared in our laboratory 
by using the A, T. and DHT 19-hemisuccinate-BSA complexes as antigens, and were further 
evaluated for their specificity and titer 121. Ail antibodies were used to a final dilution of 1:1O,ooO. 

* 

. 

AWDROSTENEDI ONE TESTOSTERONE DI HY DROTESTOSTERONE 

Pgimg Prut Pgimg R o t  

\ - - -  I 
c o  25 50 c o  23 C O  
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FIG- 1. Effcct of diflerent CSF-wpplemmted diets 011 androgens contents in rat testes. Each 
point represents the mean of four determinations. 
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Samples and standard curves were incubated at 4'C for 18 hr and the bound and free steroids 
were separated by centrifugation aRer adding an activated charcoal-Dextran T-70 suspcnsion 
(0.625%-Q.062596). The bound fraction was counted in scintillation vials with 5 ml of Inslagel in 
a Packard 3320 liquid scintillation counter. The homogenate protein content was determined 141. 

RESULTS 

ted diets on the testicular content is shown in Fig. 1. 
A significantly dropped in the groups I11 and IV, with respect to the control group, 
dropped in groups I1 and IV, and DHT only in group 1V. In serum (Fig. 2), the levels 
were significantly less than controls (p < 0.05) for A in group 111. T in group 11, and 
DHT in both groups 111 and IV. In Fig. 3, the androgen testicular content during the 
recovery period is shown; the three steroids exhibit a tendency to reach the control 
values. A and DHT were similar to controls at 6 weeks and T was significantly lower 
at the same time and only in group IV. In the serum, the tendency towards levels 
similar to those found in the controls is evident but only DHT was significantly equal 
after 6 weeks, A and T did not regain their initid values (Fig. 4). 

DISCUSSION 
The diminution of the testicular content and plasma concentrations of the three 

androgtns measured by the effect of the CSF-supptemented diets was evident; the 
modification was proportional to the quantity of CSF present in diets. Clearly, the main 

' 

effect was on testosterone, the final product of testicular steroidogenesis, although A 

The effict of CSF supple 
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FIGURE 3, Cbrrngcs on the androgen contents of the different upcrimentai groups (e text) 
during the recovery period. Each point represents ihc mean of three determinitions. 
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FIGURE 4. Change on the serum conccntratlono during the rumvery period. Code SMlU to 
Fig. 3. 



and DHT also decrcased; A is an intermediary step of the metabolic pathway and its 
diminution suggests a blockade of the steroidogenesis befm it. On the other hand, 
DHT is a peripheral mctabolic product and it is not affected as much as T is. The 
testicular effects were reflected on the serum concentrations with a decrease in the T 
levels to 5% of the control values. A only diminished to 37%. and DHT remained at 
62% of their respctivc controls. As with the testicular content. the serum diminution 
has a tendency towards the control levels and only DHT reached concentrations similar 
to controls after the rccovery period: these findings verify its peripheric origin. 

The results found in this study are in agreement with those previously informed [8], 
where the tcsticular incubation with precursors did not produce testosterone. even after 
stimulation with LH or AMPc. suggesting a blockade of the steroidogeiicsis. The serum 
androgen levels decreased in a similar fashion and the recovery after the experimental 
period was also comparable. 
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Hypergonadatrophic hypogonadism in an XX female subject 
due to 17,20 steroid desmolase deficiency 

Abstract. A 22 year old XX fmiale patient with primary 
amenorrhoea and sexual infantilism was studied. Per- 
sistently ekvated Serum LH and FSH concentrations and 
exaggerated LRH pituitary responsiveness indicated de- 
ficient ovarian hormonal production. Serum levels of Ch 
and Cs9 stmoids measured by s@fx radioimmurm 
assays before and after appropriate stimulations demon- 
strated an impairment of adrenal and ovarian steroid 
biosywhesk. Baseline kveis of androncnedione (A4-A), 
t e ~ t ~ ~ t ~ r o n e  (T), and oestradiol-170 (&) were pe+ 
tently bdow the normal range for M t h y  women at early 
foilicular phase, whereas pragestemne (P) and 17a-OH- 
progesterone (17-OH-P) serum levels were signifrantly 
higher than those observed for normal women. Adrenal 
and gonadal stimulation with ATCH and hCG. respect- 
ively, resulted in a considerable rise in serum P and 
17-OH-P without any signifant change in circulating 
levels of A4-A, T. and EZ. These findings were consistent 
with the diagnosis of 17.20 steroid desmolase defKiency 
at both adrenal and ovarian levels. This is the first report 
of a 17.20 desmolase deficiency in an XX individual, and 
is in line with previous suggestions that familial occur- 
rence! of the disorder would fit an autosomal recessive 
pattern of inheritance. 

In 1972 Zachmann et al. (1972) reported a familial 
form of male pseudohermaphroditism secondary 
to an inherited deficiency of 17,20 steroid desmo- 

Reprint requests: Gregorio Pém-PaLcioa, M.D., Depart- 
ments of ReprodUaive Biology. Instituto Nacional de la 
Nutrición, Salvador Zubirán. Calle Vasco de Quiroga No. 
15, 14000 México. D. E 
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lase, the mirrosomal enzyme mponsiblc for side 
chain ckavage of Czar 17a-hydroxylatcd steroicb. 
Since then. Goebelsman et al. (1976) and Fomt et 
ai. (1980) have reported a number of cases with 
testicular impairment of testosterone (T) bbsyn- 
thesis due to this enzyme deficiency. B a d  on the 
study of a family with S affeaed members with thii 
disorder, Forest et al. (1980) suggested an auto- 
somal recessive type of inheritance, aithough a 
recessive X linked trait could not be ruled out, 
particukrly since only XY mak individuals have 
been reported to be a f f e a c d .  

The present report describes dinical features 
and endocrine studies in an XX f e d  individual 

dary to 17.20 s t e d d  desmolase d e f i i n c y .  The 
finding of this enzyme defaciency in a woman with 
normai parents supports the concept that the dis- 
order may be inherited as an autosomai recessive 
trait. 

with hypergonadotrophic hypogonadism MCMI- 

Material and Methods 

Clinicd sufilllloq 

R.R.. a 22 year dd phmoiype femak was referred to the 
Endocrine Clinic becam of primuy umnarrhoc? and 
sexual infantilism. The patient was the recond child m a 
family of five. born by normal fuii-term delivery after an 
uneventful pregnancy. The family history was unre- 
markable. Her parenu are p h M y  not m W  and are 
of normal intelligence and stature. Th piuVnt had been 



on oestrogen-pn>gcstin replacement therapy before re- 
ferral. Physical examination revealed normal vital signs, 
a Mood pressure of 120/80 mmHg; height 158 cm; 
weight 47.5 kg; arm span 162 cm; upper segment 78 cm; 
lower sgment  80 cm; discrete cubitus valgus and a high 
arched palate. Mammary glands were poorly developed; 
the axülary and pubic hair were scanty and the exter- 
nal genitalia were infantik in type. Routine laboratory 
analyses including haematogram, blood sugar, urea, 
and creatinine mre normal. Baseline urinary excretion 
of 17-hydroxymrticoeteroids (I7-0HCS) was n o d ,  
whereas urinary 1 7 - k e t ~ r o i d s  (17-KS) were persistently 
low or undetectable. Urinary pregnanetriol (Pa) and 
pregnanediol (Pz) were pe&ntly elevated. A normal 
46 XX karyotype was found in peripheral blood cells. 
Serial Mginal smears reveakd anoestmgcnism. X-ray 
pelvic pneumographic examination revealed the pre- 
sence of bikteral ovarian enlargement and a small uterus. 

Administration of chlormadinone acetate c2 mgiday) 
for 5 consecutive days failed to induce endometrial 
bleeding. and cbmiphene citrate adm*nistration (100 
mglday) for 5 consecutive days induce¿ neither endo- 
metrial bleeding nor ovulation. Anatomic and functional 
integrity of the endometrium was implied by normal 
endometrial bleeding induced by combined oestrogen- 
progestin treatment. 

Methotis 
Reagents for LH and FSH assays were kindly furnished 
by NIAMDD NIH (Bethesda MD.). Serum LH and FSH 
were measured by double antibody radioimmunoassays 
(RIA) as previously described (Sraglia et ai. 1976). Re- 
sults were expressed as mIU/ml according to the 2nd 
IRP-HMG. C o e f f a n t s  of variation (CV) for LH and 
FSH assays were 9.15% and 8.50%, respectively. Serum 
steroid hormones were determined by RIA after chroma- 
tography. Progesterone (P) 17a-OH-progesterone (17- 
OH-P) were extracted and p u r i f d  before assays as 
previously described (Rbs et al. 1974). Androstenedione 
(A4-A), T and oestradiol-17B (Ez) were extracted with 
ether and further p u r i f d  by thin layer chromatography 
(Rim et al. 1974). Cortisol (F) was measured in serum 
aliquots as previously described (Ruder et al. 1972). 
Recoveries in all assays as measured by the addition of 
1 0 0  CPM of the respective tracer were always above 80%. 
CV for Serum steroid assays was kss than 7%. Senim 
samples for hormone determinations wen assayed in 
triplicate at two different dilutions to ascertain paral- 
lelism with the standard curves. Urinary 17-OHCS. and 
17-KS. P2, and Ps were measured by conventional proce- 
d u m .  

L+amlcshdicJ 
Basal kveb of Serum gonadotrophins were measured in 
Mood aampks drawn at frequent intervals. Pituitary 
reserve and responsiveness were evaluated by the ad- 
ministration of an iv bolus (100 r(e3 of synthetic LRH. 

9x3 Actnmdoa.105.3 

Adrenal function was asscssed by exogenous ACTH 
stimulation. Svnthetic corticotrophin 1-44 (Synacthen, 
CIBA) (25 IU) was a d m i n i s t d  in a 4 h iv infusion. 
Blood was drawn M’ (-So. -15 and O min) and 
during ACTH administration (60,140 and 840 d n ) .  

G o d  stimulation with hCG waa performed during 
adrenal suppression. Adrenal r u p p r d o n  waa achicved 
by the administration of dexamethasone (0.5 mg16 h) for 
6 days. -Blood samples were ObrPinuJ before and on the 
third day  of dexamethasone suppression. Adrenal sup 
pression was continued and a concomitant gonadal sti- 
mulation with hCG 5000 IU for 4 days was undertaken. 
Blood samples were drawn daily during hCG stimulation. 

After completion of endocrine studies the patient was 
submitted to an exploratory laparotomy. 

Results 

Gonodohoplun ’ úparnics 
The serum levels of LH and FSH (mean f SEM. 
n = 15) were 24.6 k 2.28 mIU/ml, and 10.3 f 0.65 
mUI/ml, respectively (Fig. I A). T h e  baseline 
levels were significantly higher than those observed 
for normal menstruating women in the early folli- 
cukr  phase (3-12 mUI/ml for LH and 0.05-5 
mUl/ml for FSH). Acute administration of LRH 
resulted in a significant increase of the radio- 
immunoassayable serum levels of both LH and 
FSH. A significant rise in LH levels (5.Gfdd) was 
already observed 30 min afier LRH injection while 
a slight and delayed though significant increase in 
serum FSH levels (2.1-fold) was also noted (Fig. 1 
B). 

SkTOidhonnOtlcÍ 

The serum and urine hasal kvels of different 
steroids are shown in Table 1. As can be noticad P 
and 17-OH-P levels were signifmntly higher thah 
those observed in healthy women in the early 
follicular phase. In contrast A*-A and T levels were 
persistently below the nomal range. Serum Ez 
values were found within the assay limits of sensiti- 

Adrenal function was found to be normal as 
assessed by circulating F and urine 17-OHCS le- 
vels, but 17-KS were undetectable. Urine’P2 and P3 
excretion was significantly higher than in normal 
controls. 

vity. 

Adrenalsrinruhrion 
The administration of ACTH multed in a hirther 
increase of the already ekvated serum kvds of P 
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Fig. 1. 
Baacline serum leveb of LH (O) and FSH (O) and their mponrivcness to LRH. A) Gonidotrophin icvcls were 
measured in serum samples drawn at 15 min intervals. B) LH and FSH mponrc to an iv bdur of LRH (100 we). 

Serum samples were drawn before and after pituitary stimultion. 

and 17-OH-P (4- and 1.3-fold, respectively) where- 
as no signif-t changes in serum concentrations 
of A*-A and T were observed (Fig. 2). The urine 
steroid profüe after ACTH infusion was similar to 
that observed in serum. Indeed Pz and Ps exhibited 
a significant increase while 17-KS remained un- 
detectable (data not shown). 

OvmiansXamJdion 
The results of ovarian hCG stimulation during 
adrenal suppression are shown in Fig. 3. Serum 

levels of both P and 17C)H-P masurcd after 3 
&p of continuous dewmethasone administration 
were slightly lower than baacline kvels. Daame- 
thasone administration did not modify in a signifi- 
cant manner the airnost unb- circulating 
levels of A'-A. Serum F and urine I7-OHCS were 
significantly diminished during adrenal suppm- 
sion. 

Administration of hCG during sustained adrenal 
suppression induced a significant incrrase of se- 
rum levels of P and 17-OH-P (6- and 2-foid. 
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respectively). In contrast serum A'-A and T and 
urine 17-KS levels remained unchanged through- 
out hCG administration. 

AndonicalfmdmgJ 
Laparotomy revealed the presence of smaii n o d  
Mullerian derivatives and moderate bilateral 

ovarian enlargement. Histological emination of 
bilateral ovarian biopsies disclosed the pmchce of 
primordial follicles, subcapsular cysts. and clusters 
of luteinized ceüs forming corpora luteal-lile,~truc- 
tures as shown in Fig. 4. No  corpora aibicans were 
however identified. 

12 ' 6 ;  

6 

I 1 I 1 I 

f- 
I 1 1 I 1 

W z 
O a- 
W '  
b o  E: 
a 
W 
I- 

H O U R S  
Fig. 2. 

ACTk adrenal stimuktion. Serum immunoreactive 
levels of P. 17-OH-P, A4-A, and T before and during an 

iv infusion of synthetic ACTH, 25 IU. 

p6. 

0 1 2 3 4 5 6  
D A Y S  ' 

Fig. 3. 
Serum steroid profile before and during hCG gonadal 
stimulation during dexamethasone-induced adrenal sup  

prrarion. 
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Fig. 4. 
Right ovarian b p y  at the time of laparotomy. Ovarian morphoiogy s h o d  scanty primOrd¡i?l folkks and 
clusters of luteinized cells forming corpora lutea-like structures, no corpora albicans were found. The left ovary 

showed identical findings. 

Discussion 

This paper describes the clinical features and the 
endocrine function of a non-mosaic 46 XX woman 
with primary amenorrhoea, sexual infantilism. and 
anoestrogenkm secondary to 17,20 steroid desmo- 
lase deficiency. 

Persistently elevated circulating levels of pitu- 
itary gonadotrophins and an exaggerated pituitary 
responsiveness to exogenous LRH stimulation 
were found, indicating normal function of the 
hypothaiamic-pituitary axis as well as a gonadal 
failure to produce normal amounts of oestrogens. 
This failure could have been related either to 
dysgenetic or atrophic gonads (Rim et al. 1974) or 
to a genetic d e f m  in steroid hormone biosynthesis 
in an otherwise normally diffentiated ovary (Mallin 
1969). The finding of enlarged rather than small 
ovaries by X-ray pelvic pneumographic studies 
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ruled out the first hypothesis and promptcd us & 
look for an impairment of sex steroid hormone 
production. 

Analysis of the serum and urine steroid hormone 
profile in this amenorrhoeic woman revealed ex- 
tremely low levels of A4-A, T, 4, and undectect- 
able 17-KS with concomitant abnormally high le- 
vels of P, 17UH-P. PZ and Pj. The unsual C-2 1 /C- 
19 steroid ratio found in the b a d  state was clearly 
indicative of an enzyme blockade at the kvel of the 
side-chain deavage of C ~ I ,  17a-hydrtixylated ster- 
oids. Since the 17,20 desmolase enzyme is normally 
present in both the adrenais and the ovaries, dy- 
namic studies were then undertaken to assess whe- 
ther the enzyme deficiency affected both glands. 
An adrenal defect was supported by the lack of 

any increase in serum A*-A and T and urinary 
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17-KS and an exaggerated rise in m m  P, 17-OH- 
P, and u n ~ r y  P2 and Ps after ACTH stimulation. 

As expcaed, Selective 17.20 desmdase defici- 
ency would not kad to an adrenal impairment of 
~uctxorticoíd biosynthesis. Indeed normal base- 
line Serum F and urinary I7-OHCS levels were 
found in this patient, but a s u b n o d  adrenal 
cortisol rcspon~e to ACTH was noted, as previously 
reported in males bearing this enzyme defiuency 
(Forest et d. 1980). Whether the low F adrenal 
reserve mifit be the result of the high serum levels 
of progcstemne as reported in women on synthetic 
progestins therapy remains to be ascertained (Hell- 
man et al. 1976). 

A slight decreased of the serum basal levels of 
progestagens was observed after dexamethasone 
administration, thus indicating that the ovaries 
were the major source of these Czl steroids. Fur- 
thermore, evidence that the ovaries shared the 
enzyme deficiency with the adrenak was derived 
from the significant rise in serum P and 17-OH-P 
without any change in the circulating levels of 
A4-A, and T observed following hCG gonadal 
stimulation during dexamethasone-induced adre- 
nal suppression. 

The morphological findings from bilateral ova- 
rian biopsies, particularly the large amount of 
luteinizing cells. are in line with the results of 
endocrine studies and therefore support the diag- 
nosis of 17.20 steroid desmolase deficiency in an 
XX female! individual. 

Although a limited number of families affected 
with 17.20 desmolase deficiency has been reported, 
it has been suggested that this rare entity is in- 
herited as an autosomal recessive trait (Zachmann 
et al. 1972; Goebelsman et al. 1976; Forest et al. 
1980) like most of the enzyme defects resulting in 
abnormal steroid biosynthesis in humans (Finkei- 
stein & Sluefer 1979). Nevertheless the possibility 
of an X-linked recessive type of inheritance could 
not have been ruled out particularly since only XY 
male individuals have been recognized to be af- 
fected so far. 

Although definite identification of the mode of 
inheritance awaits more extensive families studies, 
this report of an XX individual affected with 17.20 
steroid desmolase deficiency strongly supports an 
autosomal recessive pattern. While this case! re- 
presents an almost complete enzyme deficiency in a 
woman, an occunrnce of the disorder with dif- 
ferent degrees of severity might be expected, as 
reported in maks (Forest et al. 1980). 
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ABSTRACT To analyze the possible correlation between steroido&c 
activity of the Leydig cells and their morphology and ultrastructure in the boar 
testes at different ages, testes from six Yorkshire boars were obtained by or- 
chidectomy at 8,14,28,40,70,78,86,94 and 100 days of age. Using represen- 
tative sections of testicular parenchyma, light as well as transmission electron 
microscopic studies were performed. Homogenized, albuginea-free tissue was 
further used for quantitative estimation of total proteins and metabolic pools 
of androstendione (A), testosterone (T) and 5 u-dihydrotestosterone (DHT). 
Under light microscopy, abundant hyperplastic Leydig cells were observed 
from 14 to 40 days, thereafter was a decrease in their size and number. Sper- 
matogenesis remained in the spermatogonia stage while the tubules increased 
in diameter until age 80 days; from 90 days on, pachytene primary sper- 
matocytes could be found. A well developed smooth endoplasmic reticulum 
was observed in Leydig cells from the 8th postnatal day. Metabolic pools from 
age 8 to 28 days showed a decrease for T and A from 4.33 to 1.78 and 2.51 to 
0.48 pg/mg protein respectively, maintaining thereafter the same levels 
throughout the age-span studied. However, DHT was found at low levels 
from the beginning of neonatal period (from 0.07 to 0.38 pg/mg protein). 

KEY WORDS: BOAR, LEYDlG CELL, ULTRASTRUCTURE, 
TESTOSTERONE SECRETION -- 
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(Cornell Vet. 1983, 73:67- 75) 
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INTRODUCTION 

THE testis has two different functional compartments: the gametogenic 
compartment composed of the seminiferous tubules, and the endocrine por- 
tion or interstitial tissue (6). The main product of this last compartment is tes- 
tosterone (T), synthesized by the Leydig or interstitial cells (6,s) which have 
specific structural features when they reach their compiete development, 
namely: rounded nucleus, numerous mitochondria, prominent Golgi complex 
and abundant smooth endoplasmic reticulum. It is known that testosterone 
promotes and maintains sexual secondary characteristics typical of each 
species and it is presumably synthesized from puberty throughout the rest of 
life (4). However, during the embryologic stage (13,15,17) other factors 
besides testosterone, participate in the differentiation and development pro- 
cesses of the male genital tract. The appearance of androgens in early life sug- 
gests the existence of an initial differentiation and maturation of the Leydig 
cells (previously shown to occur in various mammal species) which is followed 
by a postnatal regression both from a functional and morphological view 
point (9,10). According to previous reports the boar testes are different 
because the Leydig cells maintain adult ultrastructural characteristics from 
prepubertal stages with no observable cellular regression (1,2,7,16). The aim 
of this study was to correlate the potential ster&iogenic activities of the por- 
cine Leydig cells with their microscopic and ultrastructural features during the 
postnatal stage. 

MATERIALS AND METHODS 

Biological material. The testes of six Yorkshire boars were removed by 
orchidectomy at 8,14,28,40,70,78,86,% and 100 days of age. For the morpho- 
logicai studies representative fragments of testicular parenchyma were fixed in 
Bouin’s solution for light microscopy and 370 glutaraMehyde for electron 
microscopy; the remaining tissue was freed of tunica albuginea and 
homogenized at 10% w/v with Tris-HCl4.05 M buffer, pH 7.0 with a teflon 
glass homogenizer. 

Mícrascopy. Tissue samples were embedded in paraffin and stained with 
hematoxylin and eosin (HBE) for light microscopy and for electron 
microscopy, they were fixed with 3?ío glutaraldehyde, post-fixed with 1% 
osmium tetroxide and embedded in Epon. A Philips EM-300 electron 
microscope was used. 

Steroidbgenic acfivify. The steroidogenic activity was studied by measur- 
ing tissue metabolic pools, of androstendione* (A), testosterone* 0, and 

*Abbreviations and trivial names: 
RIA = radioinmunoassay 
Androsterone = Androst4en-3.17dione 
Testosterone - 17 fl hydroxy-androst4en-3-o~ 
5 udihydrotestosterone = 17 /3 hydroxy-Su-androstan-3-one 
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Sa-dihydrotestosterone* (DHT) by means of specific RIA previously pub- 
lished (3.14). In brief, the method was: lo00 cpm of steroid tracers for each 
tritiated hormone were added to the samples and then extracted with 10 ml of 
ethyl-ether wing a Vortex mechanical shaker during one minute: the organic 
phase was then separated and evaporated until dry and the extract appüed to 
silica gel chromatoplates to be developed with the adequate solvent systems, in 
order to separate the three steroids. The purified steroid aliquots were ana- 
lyzed using highly specific antibodies to measure their concentration by 
specific RIA; the separation of fractions was made with carbondextran and 
the bound fraction was counted in a Tri Carb Liquid Scintillation B Counter. 
The percentage of bound radioactivity was interpolated in a standard curve 
and tracer recovery was corrected for each sample. lntrassay coefficient of 
variation was less than 10% for all samples. Protein concentrations on each 
sample were measured according to Groves (1 1). The statistical analysis was 
performed by the Student’s t test. 

RESULTS 

The light microscopic analysis showed abundant hyperpiastic Leydig cells 
in samples from pigs 8 to 28 days of age. These ceh decreased in size and 
number from 40 to 80 days with a final increaee by age 100 days (Fig. 1). The 
spermatogenesis in the seminiferous tubules was maintained at the sper- 
matogonia stage until day 78 and pachytene primary spermatocytes were 
found later on (Fig. 2). The Leydig cells appeared from early postnatal life to 
have highly differentiated ultrastructural features, eg: rounded nucleus, 
mitochondrial abundance, several Golgi bodies and smooth endoplasmic 
reticulum (Figs. 3 and 4). 

Figure 5 shows the steroidogenic activity, for each hormone and age 
group. A was 2.51 and 2.46 pg/mg protein at age 8 and 14 days, respectively, 
with a subsequent significant decrease to 0.40 pg/mg at days 28,40 and 70 (p 
<O.Oi), a small increase in day 78 (p <0.05) and a final and gradual decrease to 
approximately 0.10 pg/mg between days 86 to 100. T Rad a similar pattern 
with a higher concentration of 4.32 pg/mg protein at day 14, a decrease (p 
<0.001) to 1.59 pg/mg at day 28, an increase to 2.14 pg/mg (p <0.05) at day 70 
with a gradual decrease reaching 1 .u) )cg/mg at age 86 days. DHT had lower 
concentrations when compared with the former two steroids: 0.38 &mg pro- 
tein at day 28, a decrease to 0.07 )cg/mg until day 78 (p <0.05), an increase to 
0.27 pg/mg at day 96, with a final decrease by age 100 days (p <0.05). 

DISCUSSION 

The comparative analysis of light microscopy and androgen biosynthesis 
showed a good correlation between the number and size of Leydig cells and the 
decrease in steroid production; when the development of this cellular line was 
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Fig. 3. Electronmicrograph of a binucieatcd Leydw d. Ovoid mitochondria with a dcnsc 
matrix and tubular crests (arrows) and abundant smooth endoplasmic reticulum (ER) can be scen 
in the cell cytoplasm. Age 70 days. X11.900 
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Fig. 4. Electronmicrograph in a higher magnification of a Lcydig d i  showing the nuckus (N). 
smooth endoplasmic reticulum (ER) and mitochondria (M). Age 70 days. X32.000 

reassumed after the age of 78 days, androgen tissue levels increased again, 
despite their general tendency to a gradual decrease. 

Electron microscope analysis showed that even when ccliuiarity was 
diminished, no regression or autophagy could be demonstrated and Leydig 
cells maintained their Characteristic steroidogenic appearance along with an 
important biosynthetic activity. Indeed, androstendione and testosterone 
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Fig. 5. Tesiosterone, androstenedione and 5 a-dihydrotestmterone tissular levels in boar testes 
during postnatal stage. Mean and standard error, six animals for each group. 

levels were higher than those reported to occur in the rat adrenal gland (0.21 
pg/mg protein after adrenocorticotrophic stimulation) (12) and even higher 
than in human adult testes, (0.5 ng of testosterone/mg protein) (5). 

These results are merely descriptive but point out two main aspects: First- 
ly, the need to investigate the role of these high androgen levels in the boar 
testis during neonatal life, and secondly, the reason for the absence of tissue 
response to these high androgen concentrations. 
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Modifications In the Testis Sterofdazrnic Pathways in Rats 
Fed With Cottonseed Flour 

I 

1. HEKHERA. 1. MOwrALvO. M. T. GONZÁLEZ GARLA. A. SO'I'ELO. 
s.- GÓMEZ. AND 1. A. B E K M ~ D E Z  

Suppression of the te~ticular T pmduction by effect of the CSF has been previously reported. 
Changes in the t c h x l a r  content of intrnnedkites and prccursors o f  T bio\ynthrsis were úe- 
tennined in rats fed during 28 days with diets containing 25.3s and 50<7i of CSF and conipared 
with a derated cottonseed flour diet group and a control h r i nu thow diet group. Also dcscrikd 
were modifications during a six wk post CSF diet period. The resulta showed a diiiiinution in 
pregnenolone and progcsteronc testicular content to a third and ü half o f  the control viilue\ 
(21.5 and 19.3 p g h g  of  protein respectively), Other compounds in the A' pathwa?. 17 hidrox- 
ypregnenolone and dehydroepiandro=,tcrone were undetectable since thc 3% CSF diet. ihc 17 
hidroxyprogestcrone diminished to undetectable values only with the ni;ihimai (WX) CSF 
content diet. During the post CSF diet period all the steroids showcd a tendency toward the 
control values. The 3% CSF content diet group reachcd the initial contents: other groups 
presenied dif+mnt recovery degrees. The most affecied was the .SO% dict group with it direct 
effect o f  the & 3 F  on the tcsticulür androgen steroidogenesir affecting both the A4 and the A5 

pathways. 

Key Words: Gossypol, testis, steroidogenic pathways. 

INTRODUCTION 

The gossypol .effects on the morphology and motility of spermatozoa are well doc- 
umented [4, 9, 1 I], however, its effects on the testicular endocrihc function is contro- 
versial, since initial reports as well as other papers have found no changes in the 
plasmatic hormones [ l .  I l l .  Lin et al. showed a significant decrease of plaimatic tes- 
tosterone (T) levels with a possible blockade of testicular steroidogenesis [ I O]. 

The antifertility effect, similar to that of gossypol, was demonstratcd in rats fed with 
wholc cottonseed flour (CSF) supplemented diets [12]. A decrease was found in the 
testicular content of three active androgens as well as a decrease in T serum levcls [8 ] .  
To correlate tliosc results with a blockade in the androgcn steroidogenic pathways 

the testicular content of As precursors pregnenolone (Preg). 17 hidroxypregnenolone 
(170HPreg). dehydroepiandrosterone (DHEA); A' intermediates-progesterone (Prog). 
17 hidroxyprogesterone ( I  7OHPrbg). and the active androgens-androsienedione (A), 
testosterone (TI and S a dihydrotestosterone. (DHT) were measured by specific ra- 
dioimmunoassays (RIAs) in rats fed with CSF additioned diets. 
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MATERIALS AND AIETIiOüS 
The CSF diets were p7ep;ircd and evahiated as rcpi>rled I I xpcrimeiital procedure was 

as follows: Dicts containing IoíPX derated CSF or 25, 35 ;I whoie CSF and ii control 
Purina chow dict were used to feed S group\ with I O  ;idult niolc Spr i ig~-Dt iwlcy ruts each during 
4 wli. At thc end o f  the exposiirc period 4 animal5 from each g r w p  were sacnlccul hy decapitation: 
the renisining animiils were fed a purina chow diet during 3 lo 6 es to allo\\ their recovery 
prior lo their sacritice. The testes were sepamted. dcc;tpsulatcd. and homogenized in  fiiffered 
saline sotiition to a final vdumc of 5 ml. rliquots of homcyocnms were kept frozen until assays 
wcrc performed. Rndioimmunr>sssay methods werc similar to those previously descrihcd [2 ,  7). 
loo0 cpm aliquots o f  each steroid (S.A.-4O-óOCi/mhl) wcrc added to the honiogenalc as tracer. 
Stcroids were extracted with 10 ml ethylic ether and thc aqueous phase was frozen in acetone 
with dry ice in order to completely separate the organic phiwe. Solvent evaporation reiiducs 
were applied to silica thin layer chromatographic plates and dcvetopcd in each one o f  the following 
systems: I) for A' precursors a) bencene (100%). b) hencene:ethyJic acetate t8:3 and c) bcncene: 
methanol (YS:5). 2) For A' intermediates a) bencene i looO/c) and b) ethylic ether: bencene (2: I). 
All steroids were eluted and divided into aliquots' to count and cakulate t k  tracer rrcoveries 
or to proceed with the specific KIA. The antibodies used were prepared in our Iiiboríitory aml 
evaluated for spccificity and titer 131. All the antibodics were used I :  1O.ooO as the final dilution. 
Samples and standard curves were incubated at 4°C during 18-20 hours. Bound and free steroid 
fractions were separated by centrifugation after adding an activated charcoal-Dextran T-70 sus- 
pension (0.625- 0.625%). and thc bound fractions were counted in a scintithtion spectrometer. 
The homogenale protein content was determined by the Groves method [SI. 

RESULTS 
The testicular steroid contents expressed in pgímg of protein found in the control 

group are plotted in Figure 1. The higher concentration obtained was for T, the fin4 
product of the testicular steroidogenesis. The second higher conccntration corre- 
sponded to Preg, the first precursor of all the steroidogenic pathways. The tissular 
content of steroids wliicli form the zA mefabolic pathway were lower than those from 
the 

The effect of feeding with different CSF additional diets for each steroid and its 
corresponding recovery period are plotted in composed graphs. Expressed on ttic left 
side of the graph are the effects of the different CSF additional diets and on the right 
side. the recovery of each diet group with the steroids measured (Figs. 2 and 3). For 
Pieg a decrease of its content was observed. and it was proportional to the CSF present 
in diets with statistical significance for 35 and 50% CSF additional diets. The reduction 
in the Pieg conteiit was one third of its control value. During the post treatment period, 
a tendency tomrds  control values was observed; thc recovery was reached after 3 wk 
for the 35% CSF group and after 6 wk for the 50% CSF diet group. For Prog, the 
changes in both periods were sirnilar. The diminution by effect of CSF diets was 
significaiit in 35% and 50% groups; the lower value was half of the control. During the 
post diet period the 35% CSF dict group recovered its control level, while the 5 W o  
CSF diet group did not reach i t  after six wks. 

For the 17 hydroxylated compounds, even with similar changes, some differcnces 
were observed. For 170iii'rcg a significative diminution occurred with concentration 

series, with the exception of Yreg. 

I 

__  . . . . _ _  ~. ._.I .... . ..- ~ _ . _ .  . _I__I. . . .- ... . 
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FIGURE 1. Rat testes steroid conteni in thc contrd group (n = 4). 

of 25% CSF or higher; in 35% CSF diet the content was undetectable. During the post 
diet period the 25% CSF group reached the control values in 3 wk. the 35% and 5wo 
groups had a tendency to the control values; the 50% CSF remained with undetectable 
levels after 3 wk of post treatment period. For I7OHProg a significant diminution was 
observed beginning with the 25% CSF additional diet group and the content was un- 
detectable only for the 50% diet group. In the post CSF diet period a tendency towards 
recovery was observed. The statistical differences disappeared at 3 wk for the 35% 
diet group. although the 50% diet group did not reach the control levels just a 70% 
recovery was observed. DHEA had a significant decrease beginning with 25% CSF 
diet group. The levels in this steroid were undetectable for both 35% and 50% CSF 
diet groups and remained in the same values after 3 wk of the post diet period. 

! 

I 
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. PREGNENOLONE 

Ita HIDRWYPREGNENOLONE DEHYDROEPIANDROSERONE . 

% C S I F  KECOVERY WEEKS U C S F  R t COVUW WE EKI  

OJCURE 2. As prccurson content changes during CSF diets and recovery period in rat testes. O 
= Contd Purina chow diet, Q) = 100% deíated CSF diet, X = z5% whok CSF diet, A = 35% 
whale CSF diet, 0 = 50% whole CSF diet. 

- 

drogens A and T had similar changes to the preceding steroids. The 
CSF additional diet for A diminished the testicular content to one third of the control 

' and at the end of the post-diet period only the 5wo CSF diet group remained lower 
- and different from the control. The T changes showed a significant decrease to  one 

tenth of the control with the 50% CSF diet group and a 40% recovery after the 6 wk 
post CSF diet. For DHT no differences were observed with values similar to  the controls 
although there were significative differences with the 5wo CSF diet group in the CSF 
period and at the third week of the post diet period. 

The A4 steroids were predominant in the testicular contents of the control groups 
with an important exception in Preg with values around 20 pg/mg. The most affected 
compounds were 17OHPreg and DHEA which were undetectable with 35 and 50% CSF 
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PROGESTERONE I ta  HIDROXY PROGESTERONE 

Y C S F  RECOVERY WEEKS Y csc RECOVERY WEEKS 

FIGURE 3. A' intermediates content changes during CSF diets and recovery period in rat testes. 
Code es Figure 2. 

diet and for DHEA which remained in low values even after 3 wk of the post dict 
period. The A4 steroids were less affected and the evidences allows establishment of 
a preferential steroidogenic pathway formed by preg-prog- I70HProg-A and T. 

The total stemidogcnic pathway was reduced by effect of the CSF additioned to the 
Purina chow diets, in according with Lin [IO] and Hadley et al. [6] which results showed 
an inhibition of the testicular steroidogenesis. The data found in this study could not 
establish the site of action of gossypol of the CSF components; howcver. its effect 
began since the initial precursor Preg with the consequences on the final products. 

In conclusion the CSF inhibits the testicular steroidogenesis before the Preg step, 
the inhibition follows a dose-effect pattern, and the A> alternative pathway was mofe 
affected than the A4 one. 
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four cancentrations of  furazdidwie. 
given to the animals for two months at the longest period, as fdlows: 
F u r a d h e  0.011% + Roma, Mexico, I I  Furazolidone 0.22% + R-, Mexico, 
111 FurazolMone 0.033% + Roma, Mexico, I V  Furazdidom 0.066% + Romi.  
Mexico and V Roma, Mexico w i thou t  furadidone. Before starting m e d b t k n  
in the feal, all animals were housed for two weeks in a new location w i t h  the 
same light and dark conditions aforementioned. During this period and along 
the axpcrriment, the weight of  e8ch animal was recordad every 15 &ys. 

It was dacidad to evaluate the ferti l i ty of f ive mke of the 0.066% after a 
month of  a daily ingestion of furazdidona. 
fm1.r which w a r e  observed for pregnancy during 15 days. 
failed to fertilize and were killed for morphdogkal studies. 
animals of the O.WC% group, furazdidone was discontinuad for 8 maith and 
they were tested for ferti l i ty. 
tested far ferti l i ty after two and one-half nianths 8nd finally killed for mor- 
phological studies. The animals were anesthetized w i t h  Droperidd (I nrglkg) 
8nd Ketalar ( 5 0  mglkg), the hart was exposed and a Kamowsky solution 
(9) was injected by the left ventricle. Once fixation was completed the tes- 
tes were removed. The right me was weighed, sectioned and post fixed in 
10% buffered formaline for paraffin embedding and light microscopic studies 
were performed on section of 6 micra thick, stained w i t h  hematoxylin and 
eosin. The left testicle was finely trimmed into s d l  fragments, post fixad 
in 1% Osmium tetroxide solution and embedded in ar i ld i te for electron micro- 
scopic studies. Ultrathin sections were obtained in a ReKhert Ultracut 9 
ultramicrotome, mounted on copper grids and stained w i t h  heavy metals (111, 
20) for observation w i t h  a Philips 300 EM electron microscope. 

Croups of ten mice matched w i t h  those killed for morphological studies were 
also sacrificed after a month of medication, the testes were freed of the 
tunica albuginea and homogenized at 10% w l v  w i t h  Tris-HCI-0.05 M buffer, 
pH 7.0 in a teflon glass homogenizer. The steroidogenic activity was eval- 
uated b y  means of tissue metabolic -1s measuring by spgi f ic  RIA, andro- 
stenediqre (A), testosterone ( T I  a n d  5-dihydrotestosterone (DHT) as 
previously described ( 2,61. 

The mixture was p.Heted again and 
I 

They were mated w i t h  normal 
These mles 

In the remaining 

Animals from the other groups were also 

Hormone Values Correlation 

Fertility Test 

After a month of furazolidone treatment the ferti l i ty test was performed in 
five males of each group, by mating them w i t h  young females in which ferti- 
lity was proven before, they were observed for 25 days. 
were allowed to deliver and their offspring evaluated as to their number and 
phenotipic characteristics. Animals wi thout  pregnancy were observed for the 
same period and later mated w i t h  normal males. 

RESULTS 

There were no significant differences in the weights of control and modbtd 
groups for 1,2 and 5 months w i t h  0.011%. 0.022% and for the graip w i t h  
0.033% of furazolidone during both periods. Croup w i t h  0.066% cancentratkm 
showed a slight diminution in the f i rs t  month. In the same table, the tester 
w i t h  0.033% and 0.066% of furazolidone disclosed a diminution of the weight 
after one month of treatment. 
using the non parametric Mann Whitney test, when the control was comprad 
to the 0.066% of furazolidone treated g-p. 

Pregn8nt animals 

A statistics1 significance o f  p < 0.05 was found 
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AlSTRACT 

The testes o f  mice consuming four concentnChs of  funrdidscr. for two 
mmths were analyzed by m 8 n s  of androgen contart, morphdogkd and fer- 
tility studies. Furazolidone at  carcentratiars o f  0.011% and 0.022% dM not 
induce modifications in thew parameters, The 0.033% concantnthwis dwwd 
no significant diminution of testes weight but slight nod i f k r t kns  in the nu- 
clhi of  pachytene primary spernutocytes. A n d r o r t a d i o n e  (A) dacrarwcl 8nd 
dihydrotestosterone (DH T) incrwSed. The O. 66% group disclosod 8 s i g n t f b t  
diminution of the testes weight, darusad spernutogenesis w i t h  seven chrnges 
in 20% of the seminiferous tubules, and w i t h  spermatogenesis arrest at prinuPy 
spermatocytes. 
and DHT was sfightly increased. 
month of furazolidone ingastien and -re f o r t h  again after withdmwal Qf the 
drug for a month. 
fertilize. 
B-PS. 

lNTRODUCTlON 

Furazolidone, N- ( 5  nitro-2 furfurilMine)-3 amino-2-oxazdidone is one of the 
furans connnonly used in animals for  antibscterlil, protozodkida purposes 8nd 
recently useá as a food additive in human d s .  Early kmwlsdg.  on nitro- 
furazone pharrmacology, a similar furan, points out to i t s  t oxk  effect on 
germirul epithdium of mice testes. In this regard, hyperpiask and hyprtro- 
phy of the Leydig cd l s  were noted when a dose of 0.066% was given orally 
for  a month. A lower dose lO .O4@%) induced atrophy of the saminal veskle 
without any damage to the semiferats tubules. A n  an tknd rog r rk  effect *nr 
then proposed related w i t h  an overactivity of  the pituitary prok ic ing an ex- 
cesm of gon8dotropins due to withdrawal of an inhibitory substime producrd 
by the seminiferous tubules ( 14). There was an interruptbn of  the spernu- 
togenesis In roosters consuming two concentrations of  furard ida ie ( O . O l i % ,  
prophylactic dose, 0.022%. therapeutical dose). Tan percant of the semini- 
ferous tubules were 8ffeCted w i t h  the first done in a two month experiment and 
when the therapeutical dose was used for IS days, 70% of the tubules were 
affected ( 5 ) .  

W i t h  the aim to search the mnimalkn reproductive physbiogkal changes 
due to furazolidone, we decided to correlate the ferti l i ty, steroidogenic act/- 
v i ty and testicular morphdogy of mice, after the ingestion of  low and high 
concentra tlons of furazolidone. 

MATERIALS AND METHODS 

A Ferti l i ty and Morpho- 

in this group, A was found w i t h  signifkantiy lomr values 
Mice of  this group were infertile after a 

The madkated groups w i t h  lower doses all uere able ho 
The Leydig cells and testosterone levels were unaltered in all 

Morphological Studies 

One hundred male mice two months dd from the NIH strain obtained under 
barr ier  conditions were allotted in five g r w p s  of twenty aninuls weh in indl- 
vidual cages, allowing 12 hours of light and 12 h w r s  of darknesr. A mice 
balanced diet (Roma, Mexico) pellets were pulverized and micromixed w i t h  
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Light Microscopic Studies 

No modifikatkns in the seminiferous tubules and Leydq cells cdk la r i t y  were 
found in fur8miidane treated g r w p s  at 0.011%, 0.022% and 0.031$. 
spermtoqanaris process was found to be complMe up to nwture speramtids 
ki a similar form than controls (Figurn 1). Tratad groups w l t h  ü.&6$ of 
Aimrdidone showed a decreased spertnatagmesis w i th in  saminlfnais tubules 
wi th  a loss of spermatids and arrest of the spanrtogmesis process at pri- 
mary pachytene spermmtocytes. 
rbxance of spermatids and several round s p a s  interpreteá as a r a s  where 
spermatids were located. The remaining germinal epithdium showed only 
primary spermatocytes w i t h  a vacuolated cytoplasm and densdy stained nu- 
clei. Both the spermatogonia and Sertoli cd ls  appsirad unaltered. Less 
ravere affected seminiferous tubules [ 60%) disclosed imiaiture spertmtids w i t h  
degenerative changes. 
spermatids. The intertubular space was filled w i t h  Leydig cdis. whkh were 
clormal in number and in appearance. 

fh. 

Severe affected tubules (208) rhowed 

Twenty percent showed nutuntion up to m t u r e  

E 1st ron Microscopy 

Control and treated groups w i th  0.011% and 0.022% of furazolidone showed a 
normal appearance of the germinal epithelium which can be seen in Figure lb. 
W i t h  the previous knowledge related w i t h  induction of lesions (5). spdal 
attention was given to the pachytene primary spermatocytes of 0.033$ t r r t d  
animals. Thir ty out of 100 examined pachytene spermatocytes, showed nuclei 
changes consisting in chromatin condensation irragularities 8nd cytoplasmk 
vacuoles (Figure lc). 
cytcs studied, showed irregularities at the nuclear membrane. Ne modifica- 
tions were found on spermatids, spermatogonia or on .Leydig and Sertoli cells 
(Figure id) .  The gmup of mice receiving 0.066% of furazolidone, showed 
drastic changes on the germinal epithelium. Seminiferous tubules in which 
only primary spermatocytes were present showed cells w i t h  dark condensed 
nuclei and cytoplasm, its identification was diffkult (Figure a), Primary 
spermatocytes were found w i th  cytoplasmic membrane separation between them 
and those of the Sertoli cells. 
mmbrane w i t h  elongation of the outer nuclear cisterna were frequent cell 
changes. 

In the control group 19% of ail the pachytene spernuto- 

Vacuoles formation and disgregation of  nuclei 

Hormone Profile 

In all cares androstenedione levels were low and in relation w i t h  the furaroli- 
done concentration (Table 1). However, strt istkal significance using the 
Student's "t" test was found only in the 0.066% concentration group when 
compared w i t h  controls. 
increasing its concentration in accordance w i t h  the drug dose, but w i t h  no signi- 
ficance. Testosterone disclosed no modifications. 

An inverse effect was found w i t h  dihydrotestosterone 

Fertility Test 

All males of groups 0.011%. 0.022% and 0.033% were able to fertilize females. 
Offspring were normal in number and in their phcnotipko features. 
group 0.066% were infertile after a month of furazolidone trwtment. 
females mated w i t h  infertile males were fertitized by normal males. 
month of díscontinuation of furazolidone recuperated males were fertile agaln 
and offspring were also normal. 

Males of 
The 

A f t w  a 
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Figure 1 a) Microphotography of 0.033% one month furazolidone t re t t rd  mice 

testes. The spermatogenesis is completed in all seminiferous tubules. (S) 
The Leydig cells formed compact groups in the interstitium (L) Hematoxy- 
lin and eosin. 40OX b) Electronmicrography of a control not t rutd 
mice testes. A pachytene primary spermatocyte (P) is  shown close to 
the seminiferous tubular wall (T )  and surrounded by !Lrtoli c d l  preces- 
ses (SI. Part of tight junctions (TJ) of the blood testicular barrier c m  
be seen. The nucleus shows synaptonemal complexes and typical chrorm- 
tin aggregation of pachytmedarrows) and of the sexual veskle (double 
arrows) 8.085X c) Electronmicrograph of a pachytene of a 0.033% turn- 
zolidone treated group. The nucleus and the cytoplas!.: showed multiple 
vssicles ( V )  14.850X d) Electronmicrograph of  part of Leydig c d l r  of 
0.033% furazdidone treated group. 
closely associated to the nuclear membrane and a nucleoli. 
plasm is filled w i t h  smooth and endoplasmic reticulum and w i t h i n  it, lipid1 
droplets (L) and mitochondria can be seen 14,850X. 

The nucleus shows euchromatin 
The cyto- 
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322.2 I 19.1 
284.6 2 22.1 
336.3 f i ( 7 . 8  
382.6 5 82.5 
334.0 I 30.5 

Table 1. Steroid inatigdk pods after m e  month of furazolidone inpthn.  

Dose I Androstenedione I Testosterone I Dihydrotc*torterone 

4.25 I 0.36 
3.83 t 0.10 
5.65 t 1.03 
6.85 f: 2.2@ 
9.92 f: 0.a8 

0.014% 
o. 022% 
o. 833% 
O. 066% 
Control 

~ 

b 7.48 I 0.87 
6.23 2 0.68 
5.16 f 0.62 
3.14 ? 1.0@ 
8.12 I 0.99 

1 I 1 
a. PKogramslmg o f  protein b. Mean f Standard aI;dution c. p 0.05 
Student "t" test 

Figure 2. a) Microphotography of 0.066% one month furazolidone treated mice 
testes severely by affected seminiferous tubules. (A)  rhowed to  be i t r o -  
phic remaining only damaged primary spwmntocytes (arrow) and Sertoli 
cells w i t h  cytoplasmic processes, demarcating spaces o f  lost g e r m k i l  cells. 
(double arrows). 
dig cells appear normal in a wide spaced insterritium. Hematoxylin and 
eosin. 40OX b )  Electronmicrograph of a presumably primary severe 
affected spermatocyte o f  0.066% furazolidone treated group. 
chromatin condensation, the formation of a large vesicle in the nuclew 
membrane (arrow]. . No cytoplasmic organelles are discernible, and not 
any more identifiable cytoplasmic organel les. Sertoli cell processes (S)  
surround the affected cell. 8.085X 

Other seminiferous tubules ( 8 )  are less affected. Ley- 

Note unclear 
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a iscussio~ 
Although, furardidaw is poorly absorbed by the di-tive tmct (16) the 
~ 1 1  proportion absorbed is rapidly met.bdized by several organs ( 17). 
Damage to the testes &e to furazolidone ingestion hrs bsr, well d 0 C u ~ t . d  
in Guinea pigs (11) in which decreased spermatogwiesis was reported after 
twa months of 0.066% in the feed. Similar testicular changes were denonstri- 
ted in the rat  w i t h  0.044% of furazdidone in the diet (12) .  Al l  mke w i t h  the 
hi&ast dose of furatdidone showed the majority of the seminiferous wbules 
(60%) w i t h  decreased nuture spermotkls, having as a conwquurce infortile 
d e s  after a month of the dnig ingestion. This effact was reversible since 
miftuls allowed to recupemtion for one month, all were fertile again. 
for a minimal decrease In body weight, no side effects were datated nor were 
there any gross alteratims. 

The modifiutions of pachytene primary spermatocytes in group 0.033% may 
well represent early changes in the nuclei due to furazdldane niadk.tbn. 
Nevertheless, controls showed irregukrit ies of the nuclei membrane in a 15% 
of the studied pachytene spermatocytes. Pachytene stage of the meiotic dlf- 
ferentiation process is a labile step in which structural changes mry be 
detected. The mechanism of action of  furans in the testes is the inhibition 
of acetil coenzyme A (19) which renders the primary spermtocytes w i t h  no 
significant energy for completing the meiotic process of  differentiation. 
p*oposed mechanisms are those concerned w i t h  inhibition of the synthesis of 
DNA ( 8 ,  15) w h k h  have the primary spermataytes as target cells. 

Testosterone hormone values showed no changes in any group. This is 
in accordonce w i t h  morphological studies in which Leydig cells appear normal 
in number and in their ultrastructural features. Decrmsed testkuiar size 
in $roup 0.066% i s  only produced by the loss of mature germinal cells re- 
nvinlng a certain numüar of primary spermatocytes w i t h  the capacity to con- 
tinue their normal maturation steps. The androstenedione decrease could be 
related w i t h  i ts  small metabolic pool size and since the testosterone pool is 
more importent than the 8ndrostmedione one, the met8bdism addressed the 
is i temdiary  metafflic pools in order to maintain the final product concentra- 
tion, as it was observed previously in rats on diets containing cottonseed 
flour as a source of gossypol (7 ) .  

The toxic effects of furazolidone treated guinea pigs and rats w i t h  up to 
1.0% induces cellular damage in the gastric mucosa and cortical adrenal cdls. 
A t  present morphological studies are in process in order to determine whether 
the 0.066% dose induces in these and other organ changes in mke. The pos- 
sibility to regulate male fertility using furazolidone as a selective drug that 
induces a reversible dacrease in spermatogenesis seems to be promissory. 
Nevertheless, the Food and Drug Administration of the United States of 
America limited the use of furazolidone in hens, probably due to i ts  carcino- 
genic potential of some related furans. 
mg per day for 4 months increases w i t h  no statistical significance, the in- 
duction of fibroadenoma in rats (3 ,  13). However, other authors using lower 
concentrations failed to produce such changes ( 1,4,10). 

Furazolidone decreased the spermatogenesis since O. 066% supplemented diet 
and in lower doses produced mi ld  damage in the germinal cells. T b  testku- 
lar  endcerinc function only w i t h  the high dose presented soam alterations. 
I t s  potentbl use as a mate contraceptive deserve further research in animals 
as well as in man. 

Except 

Other 

Furazolidone in concentrations of 15 
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A New Inherited Variant of the 3fl-Hyebuxyateroid 
Dehydrogenase-Isomerase IBeficieney Syndrome: 
Evidence for the Existence of Two ImsmymwP 
MA. DEL CARMEN CRAVIOTO, ALFRED0 ULUIA-AGUIRRE, JWE A. BERMUDBZ, 

CRECQRIO PEREZ-PALACIOS 
JOAQUIN HERRERA, RUBEN LISKER, JUAN PABLO MENDEZI, AND 

Dcpúrtments of Reproductbur B d q w  (M.C.C., AN.-A.. J.P.M.., C .P. -P . )andcpcSr t ia~R~ hkcs*J 
Institutr of Nutrition S. ZubirM an¿ h d i d  Rewerch Unit. Nationai Medid Center, Socid dbwrli(y 
Inaiitutc. (J.A. B., J.H.), Mexico City, Mexico 

ABSTRACT. "he dinical uid &rim features of a 
íorrtl of idrrnai inauítiincy semmiary to an i n k r i t d - i  
ciency of W-hydmxysteroid &bydrogenase-isomeme (3-HSD) 
were srudvd The propobitus YII a 19-yr-old mul w t h  a hinory 
of repeated episodes of acute adread crisis. Funüy study dir- 
closed that a 6-yr-old female sihiing aim was affeed, and a 
third sibling had dicd durinK the course of an adrend trims. The 
diagnosis of adrenal insufftckncy was establirbcd on the b u i s  
of extremely low serum co~tisol ieveis and urinary ii-hydroxy- 
amcostemid excretion with coneomiuntly e i e v d  serum 
ACTH levels and iack of conid rrrponsc to ACTH administra- 
tion. InipillPiPnt of C-21 stemid 3-HSD activity was 
suggested by persistency clwmted serum 1 7 - h y d m v  

its original description in 1961 (11, deficiency 
SINCE of 3d-hydroxysteroid dehydrvgenase-isomerase (3- 
HSD) has been recognized as the underlying abnormality 
of one form of congenital adrenal hyperplasia (2-8). The 
classical form of this entity included the association of 
salt-losing adrenal insufficiency and ambiguity of exter- 
nal genitalia in both sexes (1-3, 5, 6, 9-11). However, a 
number of clinical variants have been reported, indicat- 
ing wide clinical heterogeneity. Indeed, both nonsalt- 
losing (2, i. 8) and mild salt-losing (5,121 varieties have 
been described in kindreds with well documented 3-HSD 
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impairmeot. 
Abnormal dswlopmcnt of external pnitillia hrr k r n  

reported in ail affected sa l e s  (1-3, 5-8, 10, 111, and 
inadequate endocrine and pnwtogenic tasticular func- 
tion was found in those patients who survivai until 
puberty (6,10,11,13-15). Congenital or postnatal viril- 
ization of exttrnal genitalia haci occurred in a f f d  
females (1, 2. 5, 7, 9, 15). with the e m t i o n  of tbe 
patient reported by Zachmann et aL (4, 16). in whom 
normni genitalia development coexisted with the 3-HSD 
&fe&. 

This report describer, the clinical and endocrine fea- 
tures of two sibling with a unique type of congenital 
adrenal hyperplasia secondary to 3-HSD deficiency. The 
study of adrenal and gonadal steroid dynamics disclosed 
that 3-HSD activity for C-21 steroids was impaired, while 
3-HSD activity for C-19 steroids was not, implying the 
existence of at least two substrate-specific 3-HSD iso- 
enzymes with different genetic control in humana 

Case Repoltr 
Patient A 

"he propositus (Fig. 1. 111-3). a 19-yr-old phao#ypk man. 
was referred to our Metabolic Research Unit (MRU) b u *  
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FIG 1. pcdipw of the family with the 3-HSD dchiency ryndromc. 
The inheritance pattern is compatible with an autosomal meesnive 
trait. 

of repeated episodes of acute adrenal crisis. He was born by 
n o d  delivery after a full-term uneventful pregnancy. At  the 

of 5 yr, the diagnosis of adrenal insufficiency was made on 
the birw of severe dehydratation, persistent hyponatremia, and 
hyperkalemia, as well as undetectable urinary 17-hydroxycor- 
ticastemid (17-OHCS) excretion both b l l y  and after im 
dmUiWntion of ACTH (40 U/&y for 4 days). Urinary 17- 
ketatcioid (17-KS) excretion was normal. Thereafter, he waa 
treated with glum- and mineralocorticoid replecemtnt therapy 
until 13 yr. when medication was withdrawn for unknown 
reasona Afterward, his physical and intclkctuai capabilities 
decconed, but, nevertheless, .signs of pubertal devebpment 
were Doticed when he waa 15 yr old. At  the age of 19 yr. he was 
admitted to the MRU. Physical examination revealed a n d  
upper to lower segment ratio. height of 111 cm, and body weight 
of 54 kg. Blood pressure was persistentl? .ow (8O/jo mm Hg). 
External genitalia were normal. Nonerectiie penis length was 
7.5 cm. Testicular volume was normal (15 an3), uicuhted 
m r d i n g  to an ellipsoid model (volume = d 6  x length x 
width'). Pubic and axillary hair also were n o d ,  and there 
was no gynecomastia. Routine laboratory studies were n o d .  
C x c ~ p t  that his serum Na' level was persistently low (130-134 
meqiiiter), and serum K+ was elevated(5.8-6.8 rnedliter). Se- 
men analysis was normal (18.6 x 10' spermatotoa/rnl). After 
rompletion of the study, therapy with hydrocortisone (30 mg/ 
&y) was begun. Normal body weight and blood pressure as 
well (u a marked improvement in his generai condition were 

ident 6 months later. 

h i m t  B (Fig. 1, III-9) 

A 6-yr-old female sibling of the propotitus was admittad for 
vfidirrine evaluation. She was delivered at term after a n o d  
Ilrvgiiancy. The external genitalia were normal at birth. an WM 
h r  psychomotor development. At age 3 yr, signs nnd symptoms 
%!grstive of mild udrenal insufficiency as well as mucoeuta- 
11i-iius hyperpiginentation appeared, and p r  drenul reserve 
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won da_nniwqtcd by ex- Acm ririmolation. H o m t r ,  
she was advised to uk gbcocmticoid therapy only durinpi 
mute illnew+. When hapitalircd at QV 6 yr. physical exumi- 
M U O ~  revealed normal M y  proportha Her &h< w a ~  11 1 
cm, n*ht  was 19 kg (10th percentile), and vital signs we= 
normel. Her skin and mucous membranes were h-ypefpig- 
mated. No breast ckvelopment or a z d k y  or pubic hair were 
pmtnt .  Cynccologir.1 examination reveakd n d  prepuber- 
td extcmal genitalia. Routine laboratory s t u b  were normat. 
Impiirownt of cortisol producrion was confirmed She w.m 
treated with glucocorticoid repla!ement therapy (20 mg corti- 
mi/&). During this treatment she continued to grow along 
&e lath percentile. as &own in Fig. 2. At the (i6 of 12 yr. her 
endocrine function was r e a s s a d  (see Resulfa). At thia time. 
phys id  examination was normal. and x-ray films revealed a 
nonaal bone age. Recently. early signs of pubertal development 
appemed (13 yr old). 

Fimln4y hi8tOl.y 

There was no family history of consenguinity. T h e  puents 
(Fie. 1, 11-2 and 11-14) are normal; neither hrie clinical or 

-7' 

1 
FIG. 'L. Height and weight runw fur pat wnt H during a 6-<r p.rind. 



t>iadrrnieril Iirtums cu ly I . twa  d tata OiiICc 01 crypbal)iy 
forms of d d  enzyme dcfrhcy. A t h i d  isrmbrt d th. 
sibship (Fig. 1. 111-7) died of irhmil +is bdora the 
WIM studied, but he is b e l i  M b v e  been .gsetnlalLb 
similar dtnordtr on the hsis of history of adrraril hf i e i ebey  
and notmal male phenotypic dwdgrrat. 

Materiais d Mt&o& 

Strum LH and FSH levels were measured clprcifi RlAs 
(17) using reagents kindly provided by the WHO Matcbad 
&*ni Program. The resulte were expressed as milliintama- 
tional units per mi Second International Reference Preparation 
of human menopausal gonadotropin. Serum ACTH was EIKU- 
ured by RIA using a commercial kit (Diagnostic hoduets Coip.. 
Los Angeles, CAL Serum pregnenolone U'-Preg), progesterone 
í i '-P 1, 17- hydroxyprogesterone ( 17-0HP). 17-hydroxypmg- 
nendone (P-17-Pregi. dehydroepiandmsterone (DHA). aodro- 
stenrdione (A'-Ai, testosterone íT), and 17il-estrridiOl(&) were 
determined by RIA after chromatographic purifkation staps 
using either silica gel thin layer plates or Celite columns, as 
previouslv described (18-20). Serum cortisol was measured by) 

: direct RIA without chromatographic purification (21). The high 
specificity of these steroid assays was repor@ previously (20- 
221. Ennary aldosterone was measuredusing acommerciai RIA 
kit tSorin Biomedica, Milan, Italv). Inter- ahd intraassriy coef- 
ftcients of variation for all serum and urinary steroid RlAs 
were less that i5% and 1096, respectively. Urinary 17-OHCS. 
17-KS. pregnanediol (i':), and pregnamtriol (PJ excretion was 
measured by colorimetric methods. PR4 was measured by the 
method of Sealey and Laragh (23). Serum and urinary Ne* and 
K' levels were determined with a flame photometer. 

Adrenal a d  gonadal s t m i d  dywmks 

The protocol for endocrine studies WM appnnnd by the 
Institute Ethical Cominittee. and informed consent was ob- 
tained from the patients' parents. 

ACTH stimulation tests were conducted in the two siblings 
by the iv infusion of 0.25 rng svnthetic ACTH (Synacthen. 
Ciba-Ceigy. Basel, Switzerland) for 480 min and by daüy im 
administration of 40 U synthetic ACTH (Acthar-Gel, Crosa- 
man; Mexico City, Mexico) for 4 consecutive days. Blood sam- 
ples were drawn before. during, and after ACTH administration 
at frequent or daily intervals. Serum samples were kept f roen 
at -20 C until assayed. Baseline and ACTH-stimulated 24-h 
urine samples were collected. Y-Steroid precursors and their 
corresponding A'-steroid produca were measured in all serum 
samples, and the urinary steroid metabolite concentrations also 
were determined. A gonadal stimulation test during cortisol 
therapy was performed in pntient A by daily im administration 
of 5000 IU hCG (Pregnyl, Organon Mexicana. Mexico City, 
Mexico) for 4 consecutive days. PRA and urinary aldosterone 
and electrolytes were measured while the patients consumed a 
normal Na*-containing diet (100 meq/day). Sam,ples for PRA 
determination were obtained after 4 h of walking. 

Adred  rdir 
Jbtkai A. Win c0rtW lcpdr tnamil. 10- 
290 ng/ml) red miniry 17-0)fcS mmbon (-ma 
1.7-5.1 mg/% h) were k4-r ths mnsith&y IíaiiU dth, 

whereas seturn ACTH was PSO d m 1  faoriail. &&lo0 
pg/ml). The eerun~ dectrolyta w i l e  revealed 8evere 
hyponatremia with ceímnm¡tanbhyped8&mia. &tun 
cortisol and urinary 17-wIcS did not b m e  mmwr- 
able afbr etganiou iv and im ACTH dininbtratloa. 

The basal ltlum A5-17-Preg ca ian tn t i an  w u  de- 
vated (15.3 ng/mi), wherePo 17-OHP. its A4d-kcto cor- 
responding product, w 3 ~  UndCKctabL (Fig. 3). AdmkL- 
tration of im ACTH resulted in a 8ignifhnt inenrU in 
serum J5-17-Preg, but se- 17-OHP did not i- 
Cortisol tren- induced a drunstic dccrsrr+ in mnun 
i5-í7-Pregtobelow0.2ng/mi. Thetmeilwelofanotber 
C-21 steroid powusing tbe A6-3@-OH cbníigwatbii, A'- 
Preg, was within the aormcil male ratkge (2.6 ng/mi), 
whereas the Eoncentration of io corresphacling A4-3-k0ta 
product (SP) was l o r  30.3'ly/ml), M aioivs iii F i i  3. 
The abnormilly higb A 5 - h g  to A4-P ntio purthar in- 
creased aher iv and im ndmhhtm tion of A m  II 
shown in Table 1. Smrm A5-- decmmed s i i g n ü i i d y  
(62% 1 during corfisoi tnrtmrnt. Anaiyú uf M i n a  a d  

and Pz were below 1 mg/24 h ( n o d  P2 and Ps. Cl 
24 h). 

ng/ml and did not increase after either iv or im ACTH 
(Fig. 3). Furthermore. Urinuy 17-KS excretion was 
within the normal range (6 mg/24 h), but did not increaae 
after ACTH treatment. The hiading of elevaied ma~m 
J5-17-Preg with concomitantly low serum DHA could k 
explained on the basis of 17-20 desmcrlase inhibition 
induced by the hi& J5-17-Preg concentrations, PI p ~ -  
viousiy demonstrated in ¿n uitm studies (24). 

During a nomai Na' intake diet, urinary sodium 
excretion was 200 meq/24 h. and PRA was above 30 ne/ 
ml. h (normal, 0.3-3.3 ng/ml. h). Urinary aldosterone 
was undetectable (normal, 2-16 pg/24 h). 
Patient B. At the time of her first admission (age 6 yr), 
the basal cortisol level (48 ng/ml) and urinary 17- 
OHCS excretion (<i mg/24 h) were both subnod .  
while serum ACTH was markedly elevated (249 pe/mi). 
Exogenous im ACTH administration did not induce any 
significant increase in serum cortisol or 24-h urinary 17- 
OHCS excretion. The basal serum &'"-17-Preg levels were 
slightly elevated, whereas its corresponding J4-3-kew 
compound (17-OHP) was undetectable (Fig. 4A). The im 
ACTH administration i n c 4  ~ e l u m  d-17-Pteg to 4.2 - 

a%auiy~ (~~tt isol ,  10 aalai; 17-0HCS. 0.7 -4 h). 

ACTH-~tim~lated U r i ~  & renakd tbit b~& Pz 

Basal D H A  a d  A'-A 1-l~ 1- t h ~  1 
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&d. kit no change in A4-A, as haa ban rtpofted in 
prepdwtal girls (7.25) (Fa. 4A). Her adrenal statui wu 
reuec+red 6 yr later lege 13 yr). After glucocatricoid 
withdrawal, bsril and ACTH-stimulatd gCNm cortisol 
kveb and urinary 17-OHCS excretion were low, 86 at 
the time of her first admission. On this occQ8iw1, tkt 
*rum J6-17-Pre&! level was higher (12.7 ng!ml) than 
previously encountered, whereas the levels of its corra- 
rponding i4-3-keto steroid 117-OHP) was xery low (0.4 
ng/ml), leading to a i5-i7-Preg to i7-OHP ratio of 31.; 
(Fig. 4B and Table 1). Furthermore, iv ACTH infusion 
d t s d  in a tremendous increase in the serum A5-17- 
Preg to 17-OHP and i$-Preg to A4-Y ratios (86.8 and 
9.0, respectively). as shown in Fig. 4B and Table 1. 
Baseline 24-h urinary excretion of P2 nnd PJ r o ~  ex- 
tremely low. 
Serum DHA levels were slightly higher than ai the 

time of the subject's first admission (2.8 ng/ml), but 
normal for her age (26), whereas A4-A remained low. thus 
d t i n g  in a normal to high serum DHA to A4-A ratio 
(11.2). This ratio increased (39.5) during the iv ACTH 
infusion. as shown in Fig. 4B and Table 1. 

During a normal Na' diet, urinary sodium excretion 
wm 72 meq/24 h, and urinary aldosterone was 3.2 pg/24 
h (noimai, 10-27 pg/24 h). PRA was 28 ng/ml. h ( n o d ,  
1H.7 ng/ml a h). 

- 
o- - 

GoMdol studies 

poticnt A. During glucocorticoid therapy, the con- 
centrations of adrenal steroids declined considerably 
(pig. 5), and serum LH, FSH, and T levels were normal. 
Serum T (4 ng/ml) increaaed 2.5-fold during hCG ad- 
ministration (Fig. 5). Serum A6-Preg and A5-i7-Preg also 
b c d  during hCC stimulation, whereas A4-P and 17- 
OHP did not, leading to a P-Preg to J4-P ratio of 1.7 
and a 9 - 1 7 - m  to 17-OHP ratio of 6.6. The hCG- 
in¿uced rises in wrum DNA and A'-A were normal (as 
indicated in Fig. 5). and the DHA to A4-A ratio was 1. 

Patient B. Serum LH, FSH, and & were within the 
normal prepubertal range when the subject was 6 and 12 

knrels of E2 (35 pg/ml) were found. 

D A Y S  
Fic. 3. Stamid concentrations before and during im ACTH stimuli- 
tnm Tor 4 FoMcEutiw days in a postpubertal nun with 3-HSD &Ti- 
r h c y  (patient A). N O ~ I ~ I  basal vilues (win I SD) for mo (n = lo), 
cxprrrrad in nangruns per d, w: As-17-Pw, 5.5 * 2; 3 - P e  2.6 

0.6 I 0.2. 
* 0.7; DHA. 3.7 f 0.5; 17-OHP. 1.2 * 0.5; A*-P, 1.18 f 0 4  M d  A'-& yr, before signs ofpuberty a p p s a d ,  Recently, debtab le  

ng/ml, but 17-OHP did not increase, resulting in a fur- 
ther increase in the A5-17-Preg to 17-OHP BeNm ratio. 
Hasai SeNm P-preg and A4-P concentrations were 
within the normal limits for the subject's age: however, 
the i5-Preg to A4-P ratio was elevated in both basal and 
ACTH-stimulated samples (Fig. 4A and Table 1). Basal 
urinary P2 and P:, excretion was below 1 mg/24 h and 
did not increase during ACTH stimulation. !.%rum DHA 
iuid A4-A were both normal (4 ng/ml) for age. ACTH 
siiinulation resulted in a slight increase in DHA to 2.5 

Diseureion 
This report describes the clinical and endocrine fea- 

tures of a new familial form of congenital adrenal hyper- 
plasia secondary to 3-HSD deficiency. The diagnosis of 
&MI insufficiency in the two siblings was unequivo- 
cally established on the basis of extnmcly low or unde- 
tectable serum cortisol level. and urinary 17-OH- cx- 
cretion. concomitantly elevated SeNm ACTH, and un- 
responsiveness of cwt i d  to exogenous ACTH stimula- 
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TAHI.E t HMIinc awl A C T H - w m d a t d  rcnnm JS-17-F+reg tu 17-011P. J'.Py! tu 1' P. d D H A  to A'-A ab. in tm pmunt- with inhmtcd 
:bHSII detirwrny and in norninl subJrcta 

A " - l 7 - ~ l ? - O H P  P-PrPg A'-P DHA.A'.-A -__ 
Biulinc ACTH RascllnC ACTH Bulin ACTH ____ __________ ~- 

Patient A - - 8.6 9.6 0.9 0.6 

Niirmal men (n - 5) 
Mean 2.09 5.2 3.33 3.0 (u 6.4 
R.W 0.57-3.19 1.4-7.0 0.77-5.37 1 M . 3  3.2-12 4.0-12 

Patient B 
6yrdd - - 6.0 4.8 - -* 

1 2 y r d d  31.7 88.8 2.0 90  11.2 * 30.5 
Normal prepubertal chit- 

dmt' 
Mean 1.75 2.9 0.67 1.68 2.9 27  
h F  0.33-7.7 0.7-7 0.3-1.6 0.7-4.6 0.6-13 036-7.3 

NoncaicuLblc ratio because i'-steroid concentrations weld undacrtabl.. 
'From Pang et al (7). 

tion. In addition, both patients had episodes of adrenal 
failure with clinical and biochemical signs of salt losing, 
including low urinary aldosterone excretion and elevated 
PRA levels. These date indicated an inherited adrenal 
defect in the biosynthetic pathways of glum- and min- 
eralocorticoid production. 

The finding of significantly elevated basal sekm As- 
17-Preg levels with undetectable 17-OHP levels, leading 
to an abnormal serum 2%- LO A4-steroid ratio, and its 
striking increase after ACTH administration in both 
patients stmngiy suggemd 3-HSD impairment, at least 
for C-21 steroids. This observation was in line with the 
finding of persistently low urinary Ps excretion. Further 
evidence for the 3-HSD defect was provided by the 
finding of an abnormally high serum i5-Preg to J'-P 
ratio, both basally and after ACTH treatment, with a 
concomitant loa urinary P2 excretion. The demonstra- 
tion that the 3-HSD defect mas more evident in the 17- 
hydroxysteroid as compared with the 17-deoxysteroid 
pathway in this family confirms previous observations 
(6, 7, 16) which indicated that increased serum A5-lf- 
Preg was the most reliable index for diagnosing 3-HSD 
deficiency, even in the late-onset form of the syndrome 

26,27). This situation could be the result of either a 
variable degree of enzyme impairment or different en- 
zyme affinity for ii-steroid substrates (8). The possibil- 
ity that the high serum i-'-i7-Preg levels may inhibit the 
activity of the 17-20 desmolase, as documented under in 
citro conditions (24). has been proposed as an alternate 
explanation (7). 

Since excretion of the urinary reduced metabolites of 
17-OHP glucuronide) has been found to.he either 
normal or elevated in a number of patients with the 3- 
HSD defect, the existence of u peripheral enzyme with 
different genetic regulation has been suggested (1, 2, 1- 

I 
7, 10, 11, 15). However very little, if any, urinary Ps 
excretion was found in the two siblings studied. Whether 
this finding indicates enzyme impairment at  both endo- 
crine and nonendocrine organ levels is not known 

The most striking clinicai tinding in theae patients 
was the occurrence of normal external genital develop- 
ment. Indeed, a normal male phenotype was found in the 
two affected boys. and the affected girl had a f e d e  
phenotype and no signs of postnatal virilization. Tbeae 
patients differ from most patients with 3-HSDdeficiency 
(í5), because the enzyme impairment is usually, if not 
always, associated with external genital ambiguity in 
males and prenatal or postnatal virilization in femalea. 
Since abnormal development of the male embryo is the 
result of either inadequate androgen synthesis or defec- 
tive androgen action (28). it would be expected that 
individuals affected with 3-HSD deficiency with c o m m -  
itant impaired fetal T production would have a variable 
degree of genital ambiguity. Furthermore, administration 
of 3P-HSD inhibitors to pregnant rats causes adrenal 
cortical hyperplasia in the fetus, incomplete m d i i -  
zation of external genitalia in the male offspring, and 
clitoral hypertrophy in the females (29, 30). The slight 
degree of genital virilization found in affected girh has 
been attributed to the accumulation of A5-3$-OH C-19 
steroids with weak androgenic potency, particularly 
DHA, as the result of the enzyme defect (28.29). 

The normal phenotypic development in our patients 
with well documented 3-HSD deficiency; at  least for C- 
21 steroids. raises the intriguing question as to whether 
the enzyme defect is confined to the adrenal gland with 
a normally preserved gonadal enzyme, or if it is the 
reflection of a gene mutation affecting solely 3-HSD 
activity for C-21 steroid substrates, with normally intact 
3 - W D  activity for C-19 steroids. To delineate the nature 
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of the underlying abnormality in this f d i a l  dis6rder. 
we txamined C- 19 steroid dqnamics. 

Bosei serum DHA levels were not elevated in either 
patient, and ACTH stimuiation induced little rise in 
=ruta DHA in patwnt A. The lack of accumuiation of 
this C-19 steroid with the is"-3#-OH structure mggests 
the integrity of the enzyme-mediated conversion o€ i5- 
W-OH to i4-3-keto confiration for this steroid series 
in the adrenal gland. In patient B. serum DHA dynamics 
were süghtiy different at the two studied Thus, at 
6 yr, both basal and stimulated DHA leveis were normai. 
At age 12 yr, the besa1 DHA level was n o m ~ L  but it 
increased (3.3-fold) after ACTH stimulation. leading to 
a DHA to i d - A  ratio that exceeded reference val- from 
~mpubertal children (6-12 yr) (7). This davrvation 
could suggest a late-onset mild 3-HSD &fwt for C-19 
steroids. However. since a similar e n h a d  a d ~ ~ l  

OJ 

m. a sanim St tnb id  Imb before .ad durinlIipnad.l *iriuhioii 
ritL bcG during &nil wppmeion in patinkt A. F a  baaeüar nom14 
nluar. am Fe. 3 and the text. 

DHA response has been reported to occur in n o d  &ir 
throughout early puberty (25). this possibility seems 
unlikoiy. In summary. it appears that the cibienai 3-HSD 
¿efMuncy for C-21 steroids was more severe in patient 
A .ad. therefore. resulted in higher circulating $-17- 
F%eg h i s  and a concomitantly higher ¿em of 17-20 
disrmdrsc inhibition (24) compartd with those in patient 
B. 

Further support for the concept that the 3-HSD Qfi- 
&ncy is selective for C-21 stewids wns furnished by the 
Anding of nornial rinulaiing T levels and a nannii 
testicular wspiiiw to hC(; in terms of A'-A ind T in 
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p a k n t  A. Even dwingdrenal wppreirsion, M=C admin- 
Wration caused abnormaily hi& serum &''-17-P- u) 
17-OHP and &"-Preg to i'-P ratio& eVideme of tkc 
existence of a similar enzyme defect St the (Eonrdil b e l .  
Although paadel function was not d in patient 
B, tbe early signs of pubertal development (Tanner stap 
ti) and the finding of detectable serum EL levels add 
evidence for an operetive pathway for C-19,A4-3-keto 
steroid formation. Taken togethar, these data i d c a t e  
that these patients have adrenal a d  gonadal 3-HSD 
deficiency confined to C-21 steroids and exchding C-19 
steroids, theisfore implying; the existence of more than 
one 3-HSD enzyme in humine. 

The occurrence of several 3-HSD variants in other 
mammalian species has been demonst- thus, the 
nonidentity of the 3B-OH-J5-steroid dehydrcigenaee 
(1.1.1.145) a d  the A*-A4-isomerase (5.3.3.1.), active corn- 
pcilCients of the 3-HSD enzyme system, haa beun weü 
documented in the bovine adrenal and coipus luteum 
(31). Furthermore, enzyme purification studha have dis- 
closed the existence of three different substrate-speciñc $ 
A5-A4-isomerases in the bovine adrenal (32-34). Al- 
though substrate-specific A5-A4-isomerases have not 
been identified in the human adrenal gland, a number of 
studies, particularly in the developing human embryo, 
provided information suggesting enzyme heterogeneity. 
Indeed, Serra et al. (35) demonstrated deficiency of a As- 
Preg-specific &HSD system in microsomal preparations 
of human fetal edrenals at midgestation, an obaemation 
that confirmed that adrenal (36,37) and testicular (38) 
3-HSD activities for various AJ-38-OH steroids do not 
appear at ame during fetal life. interestingly, inability 
to convert P-Preg to A'-P was reported in hyperpiastic 
adrenal tissue íR9), which was able to convert A6-17-Preg 
to 17-OHP. thus giving additional support for the exist- 
ence of several 3-HSD variants in humans. 

Overall, the results presented herein provide evidence 
of familial deficiency of the 3-HSD system confined to 
C-21 steroids with preserved 3-HSD activity for C-19 
steroids. The abnormality resulted in adrenal insuffi- 
ciency and normal phenotypic development in affected 
individuals. These findings suggest independent genetic 
control for the two enzyme activities. 
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Lateonset J$-hydmxysteroid dehydmgenase íHSDj de;Cicncy waa diagnosed in a 
3ü-prold  w m a n  with hirsutrsm and normal menstrual cycles. Xo genital 
abnormalities were preseni. Elevated basal serum lec& of A54~-hydroxystemids were 
&monaimted. Serum pregnenolone íPd w 3.0 n g i d ,  a sd dehydrooplandrosterone 
.u- íDIIEA-3 3245 ngiml. Basal serum lecels ofA4 stcroids were low or uiihin 
normal limits. Serum pmgesicrone (PI u= O 5  nglml. 1 Ia-hy0mrypmgesteronc 
( i 7 9 H P )  02 nglml, androstenetiwne íA4AA) 0.4 ngiml. and iesiosterone iT) 0.1 ngiml. 
All A5U4 steroid ratios were elrrulted. Dexamethasone iDE.YI administmiion 
normalized the elevated levels of AsJsp-hyciroxysteroids. unerecu i'3-ketomrtabolites 
arhibiied only minor modifications. The D€iEASIA4A ratzo increased nuwe than five 
t ima  oocr the basal mtio. and pip and 1 7 ~ - h y ¿ m ~ ~ g n e n o l o n e  
ii7.0Hpdi17-OHP dios did not increase OQrr admnocortrcotrophic hormone ACTH 
stim&twn. Studtes of basd ovarian function nveai¿d 17f3-estmdiol (Ed and 
gonadoirvpins within normal limits according to the menstrual cycle. in the follicular 
phase, follule-stimulating hormone (FSH) was 1013 ngiml. luteinizing hormone (LA) 
466 nglml. and E2 49.7 pgiml; in íhe luteal phase, FSH wu35 180.0 nglml. LH €9.3 
b@nl, and Eo 50.1 pgiml. The presence of ovulatory cyle# was documented on the 
bash afthe biphasic pattern 4 the &sai body tempemtun cycles and the imremcnt in 
P Iccrlr. This case demonstmtes the aistence af normol o v u l a t ~  function in a 
uom4n with Iutesnset of a mild form of HSD. F e d  Sicrtl46.W. 1986 

Sewral studies have demonstrated that 3P-hy- 
droxysteroid dehydrogenase (€ED1 deficiency can 
be manifested during the intrauterine life,'. * 
childhood,2 or in the peripubrtal stage?. ' When 
the deficiency is expressed during the intrauter- 

Rntwed May 28.1986. r e v i r a l  and ampled August 22. 
1886. 

*Reprial requests: Arturo ZArate. M.O.. Endocrine Re- 
YIiCb Unit. IMS.  A+. Postal 107-115.06760. Mexico City. 
Meiim D.F. 

ine life, congenital adrenal hyperplwia (salt-los- 
ing or not) and ambiguous genitalia are pres- 
ent5*6 In childhood, the deficiency may be the 
cause of early pubic hair appearance.2 Lateanset 
HSD deficiency has k e n  recognized as a causa of 
hirsutism in women with irregular menses.' Aí- 
fccted women have &en described with abnormal 
ovarian function manifested either as irregular 
menses or primary amenorrhea? and it is fre- 
quently associated with polycystic ovaries.'" 
Axelrod et al0 demonstrated the concurrent pres 



e m  of HSD deficiency in both adrenal and ovar- 
ian tiluubB. Rosedieid et ai? studied an amenor- 
rheic woman with this enzyme deficiency who 
&hi to ovuhte even with glucocorticoid ther- 
apy; however, the endocrine abnormalities were 
normalized when the patient was administered a 
combination of dexamethasone (DEX) and estro- 
*-progestin medication, suggesting the mexis 
tence of both adrenal and ovarian enzyme de%- 
ciency. This study was undertaken to demon- 
strate a normal basal ovarian stemid production 
u rail1 as ovulation in the presence of adrenal 
HSD deficiency. 

CkgE REPORT 

A S-yeardd  woman was referred to the ende 
trine research unit for clinical evaluation of mod- 
erate hirsutism that began 2 years aRer men- 
arche. At the time of the first interview she had to 
l a v e  once or twice every two weeks. The parents 
oíthis patient were not consanguineous. One sis- 
ter had moderate hirsutism of pubertal onset, but 
she already had had two normal pregnancies. The 
rest of the family history was unremarkable. 
Breast development appeared at age 12 and pro- 
gressed normally. Pubic and axillary hair ap- 
peared some months later. Subsequently, m d -  
erate hirsutism was noticed in the legs, die&, 
penareolar areas, and face. Her menarche was at 
12 years of age, with subsequent regular mai- 
&mal cycles. §he had never received hormone 
therapy. Physical examination revealed a height 
1.51 m, a weight of 55 kg, and a blood pressure of 
120185. There was neither acne nor hyperpig- 
mented skin. The hirsutism was moderate in the 
I-, periareolar, and midline areas; hair growth 
was severe on the upper legs. Breast development 
d external genitalia were considered normal. 

. Peivic ultrasound examination revealed a normal 
uterus and mildly enlarged plycystic ovaries. 
Studies of adrenal and ovarian functions were 
peñormed with the consent of the patient and 
.Rer approval of the human research committee. 

MATERIALS AND METHODS 

ENDacRIxEsruDIEs 

Adrcluil corticotropic hormone (ACTH) stimu- 
lation tmt and DEX suppression test were per- 
f& during the midfollicuiar phase of a men- 
rtrud cycle. The day before ACTH stimulation, 1 

mg ofDEX was administered anilly at 11:W P.M. 
Blood samples far hormone mcasuremcmts were 
obtained before DEX administration and 9 hours 
aRer. At  8:OO A.M., 0.25 mg of ACTH (Cortmyn, 
Lab. Organon, West Onuige, NJ) was given by 
intravenous infusion over 180 minutee, and ve- 
nous blood samples for honnone measurenrsnb 
were obtained every 15 minutes during the time 
of infusion. Basal senun detmnninations of lutein- 
king hormone (LH), follicle-stimulating hormone 
(F"), í7p-estradiol ( E p ) ,  progesterone (PI, and 
prolactin (PRL) were measured in three Maod 
m p l e s  drawn at 15-minute intenals, in both 
the midfollicular and luteal phase.5 

nomom ASSAYS 

Steroid assays included mensuremenb of prep 
nenolone (PSI, 17a-bydro*ypregnenolome (17- 
OHPSI, dehydroepiandrosterone sulfate (DHEA- 
SI, P, 17a-hydroxyprogesterone (17-OHP1, an- 
drostenedione (A'A), testosterone (T), El, and cor- 
tisol. All steroids were determined with the use of 
radioimmunoassay (RIA) with specific antise- 
rums. Steroid serum extraction and thin-layer 
chromatogaphy <nX=) studies were done to in- 
crease the specificity and accuracy of the assays. 
Steroid serum extraction were performed with 
ethylic ether. TLC for isolation of A'-ketome- 
tabotites was peñormpd using a double system: 
(1) benzenelethyl acetate, 8/2; and (2) benzene/ 
methylic alcohol, 911. DHEA-S was measured in 
its free form after acid hydrolysis; the recoveries 
obtained were appruximately 60%. TLC to purify 
P and 17-OHP was done with an ethylic ether/ 
benzene, 2/1, system. A'A, T, and El were purified 
with the use of the following TLC systems: (1) 
benzenelethylic acetate, 713; and (2) benzene/ 
methylic alcohol, 911, with 50% recoveries of the 
tracer. Cortisol was measured aher methylene 
chloride extraction. Specific .antiserums were 
used for each steroid in a 1l10,OOO dilution or 
higher. Freehound íiactions were separated with 
dextran-coated charcoal. Serum LH, FSH,'and 
PRL were measured with the use of RIA -mer- 
dal kits 0.15-v (Sorin, Paris, France). The coefi- 
dents of variation interassay and intraassay 
were < 8% and 5 4 ,  respectively, for both steroirls 
and proteic hormones. The results were expressed 
as ngirnl. Urinary 17-hydroxycorticosteroids 
(17-OH) and 17-ketosteroids (17-0) wen mea- 
sured with the use of standard colorimetric meth- 
ods. 
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!3z%dudljitlltim dDEX Ud A m  011 ranim h l a  of 

~pla tes&s i l i ca*1(6dw420  x mcmaud 

3' tcprri QV&O&) d A' ( d u d  wdob) d.roidr. Shadd 
.I~IU riyl*#nt normd range oí imeiine lev& d P ( 
4 3' t 16.midr. 

kyer thickness of 0.25 mm) were purchased from 
B. Me& Dannstadt, FRG. The solventa were 
d y ü c  reagent (Merck México City, Mexico) 
distiiled to obtain the highest purity. All other 
magents were anaiytic grade or of the highest 
purity available. 3H-labeled hormones were pur- 
cb.srd from New England Nuclear Corp., Boston, 
MA. The radiochemicals were assesad with the 
wm of TLC. Noaradiomctive steroids were pur- 
chased h r n  Steraloids Im., Pauling, NY and re- 
cryst.iiized before use. Specific antibodies were 
O L t a i d  as previously described' with diiutions 
of V l 0 , O O O  or higher. Dextran T-70 was pur- 
c h a d  h m  Phaimacia Chemicals, Stocjchoim, 
Birarien and charcoal from Norit-A, New York, 
NY. 

P' 
174J##" 
DHEA 
DHEA-s 
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a40 t 0.2 
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1 7 4 "  . 8.2 

T ai os1 : 0.1 
A% 0.4 0.w 2 aa 

laQBariLTs 
Midíollicular phme, mtan serum barir1 levels oí 

A6-sBhydroxystam~ were elevated ab ahown in 
Pigwe 1 and Table 1. Mean serum b a d  lev& of 
A'&ket&eroids were W o w  normal ar in the low 
nonnd limits (Table 1). The b m l  ratios of As to 
A' stedds, acmrding to Student's t-test, were 
rigdticantly higher (P < 0.001) than thwa ob 
mnrd ia normal won#a in either the follicular or 
l u t d  phase (Table 2). DEX admirWmtion re- 
duced to normal the levels of Ps (#om 9.02 to 0.85 
aghd), 1743SPs &om 20.2 to 6.11 nghni), MIEA 
(from 6.92 to 1.34 ng/ml), and DHEAS (from 
3036 to 512 nglrnl) (Fig. 1). P and 17-0HP exhib- 
ited a minimum reduction in their l e w i ~ ,  where- 
as A'A values remained unchanged (Fig. 1). 
ACTH stirnuiation produced a further bacase 
over the high basal levels of Ab-ketornetaboiites. 
"he maximum increase waa observed between 76 
and 90 minutes after the infusion wus started 
(Fig. 1). Ps was r a i d  to 5.7 ng/ml, 17-0HP6 to 
S8.1 nghni, and DHEA to 39.6 ng/d. DHEA-S 
waa r a i d  to 17,212 ngJd and its respective I\'- 
ketometabolitss (4'A) remain unchanged, in- 
creasing the DHEA-SlA'A ratio five times over 
the basal ratio. ACTH stimuiation r a i d  P to 
1.54 nglml, and 17-OW to 0.50 nghni. Pfl and 
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Buil body temperature chart shows the typical biphasic pnt- 
tani. Serum P level is  indicated in this particular menstrua1 
-le. S M e d  arroz represent menstrual bleeding. 

17-OHP6/17-OHP ratios did not increase over 
their respective basal values. Basal serum corti- 
sol was 164.79 ng/ml (normal, 60 to 250 ng/ml) 
and showed an increment to 321 nglml at 75 min- 
utes of ACTH infusion. Urinary excretion of 17- 
OH and 17-0 were within normal limits. 

Ovarian studies in the midfollicular phase 
*wed mean basal serum levels of FSH, LH, 
PRL, and E2 of 101.3 nglml, 46.0 nglml, 10.0 ngl 
ml, and 49.7 pgmii, respectively. in the luted 
phase, FSH was 180 nglml, LH was 69.3 nglml, 
PRL was 12 ng/mi, and E2 was 50.1 pg/ml. Serum 
P was 0.5 ng/ml in the midfollicular phase and 
augmented in the luteal phase to 12 nglml. The 
basal body temperature was biphasic in the five 
menstrual cycles studied (Fig. 2). 

DISCUSSION 

in this patient, la&nset adrenal enzyme defi- 
ciency was clinically suspected. The diagnosis of 
HSD deficiency was based on the presence of ele 
rated serum basal levels of A5-3f3-hydroxyste- 
roids, low serum basal levels of A'-ketoste- 
mi&, and basal ASIA4 steroid ratios significantly 
higher than those found in normal menstruating 
women in both the midfollicular and luteal phas- 
es. In addition, DEX administration diminished 
the A"-ketometabolites to normal, suggesting 
that the adrenal gland was the only source of the 
abnormality. ACTH stimulation elicited a maxi- 
mum increase of A'-ketometabolites, which was 
much higher than that observed in normal and 
hirsute women1o as well as in normal men."* 
Despite a slight elevation in basal levels, ACTH 

' stimulation induced the greatest increuw in 

-' 

I 

DHEA and DHEA-S levels, without mod?iñcations 
in metabolites A'A values. Therefore, there was 
UI increase over five times that of the basal ratios 
of DHENA'A. On the other hand, Pdp and 17- 
OHPdl7-OHP ratios did not increase. These re- 
sults are similar to those reporM by b b o  and 
Goebelsmann," who demonstrated tha t  the 
ACTH stimulation produced abnormal values of 
all A'iA' steroid ratios in only 338 of patients, 
who had DHEA-S/AA abnormal ratios. The men- 
strual regularity in our patient suggested the 
presence ofovulatory cycles, which was confirmed 
by typical changes on serum P levels. We con- 
clude that the enzyme deficiency was limited to 
the adrenal gland and that ovarian function was 
unaffected. Nevertheless, because ovarian stimu- 
lation was not performed, i t  is not possible to rule 
out a minor steroidogenic abnormality in ovarian 
tissue. The HSD deficiency has been reported gen- 
erally associated with bilateral polycystic ova- 
ries, hirsutism, and oligomenorrhea3* '; however, 
Pang et al.' reported two patients with lateonset 
HSD deficiency and regular menstrual cycles as- 
sociated with polycystic ovaries. These latter find- 
ings could suggest that the adrenal enzyme defi- 
ciency was important enough to produce indi- 
rectly some abnormality in gonadotropin secre- 
tion, which in tum induced the polycystic ovaries, 
but some ovulatory function was preserved.'. 
In our patient the,polycystic ovaries may be the 
indirect expression of the elevated circulating 
androgens, which does not necessarily aiTect the 
ovarian function. All of these observations sup- 
port the concept of genetic heterogeneity in con- 
genital HSD deficiency, because. such heterogene- 
ity may involve various degrees of enzyme defi- 
ciency either in the ovaries or in the adrenal 
glands. 
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