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Sammary--Anabohc steroads are synthetic molecules developed m the hope of obtaamng a 
complete separaUon of the androgemc and myotropl~c (anabohc) acaons of testosterone 
Such a goal has never been fully adaeved However, some synthetic steroids present a partml 
chssoclauon between these two actlwues Since a single hormonal receptor apparently mechates 
the androgemc as well as the anabohc acUons of testosterone, d~fferences m patterns of 
androgen metabohzaUon m the muscles and the sex accessory organs have been proposed as 
a possable cause of tl~s phenomenon Undoubtedly, androgens are able to exert a tropluc effect 
on skeletal and cardmc muscle fibres m subjects with low clrculaUng levels of testosterone such 
as prepubertal or hypogonadal males and females, however, the widespread use of anabohc 
steroids an male athletes to increase thear physacal performances poses the quesuon of  whether 
these compounds are active m the presence of normal c~rculatmg levels of testosterone 
Most experimental ammal stu&es m&cate that anabohc steroids are meffecUve m this 
muauon  Since the results of the expenments performed m humans are largely contrachctory, 
xt xs still not clear whether anabohc sterolds are able to improve athleUc performances 
These and other relevant issues are reviewed 

INTRODUCTION 

Testosterone, the mam testtcular steroid 
hormone, exerts specafic as well as tropinc effects 
on a wide variety of central and penpheral 
androgen-dependent or -sensmve structures 
These mclude the sex accessory organs, the 
central nervous system, the antenor pltmtary, 
the kidney, the hver, the muscles, etc Since the 
musculature contnbutes more than one tinrd 
of the body mass, the myotrophlc action of 
testosterone is specifically responsible for the 
retentaon of mtrogen, usually defined as the 
anabohc effect of the hormone 

In adult ammals testosterone exerts atropinc 
effect on skeletal and cardmc muscle fibres, since 
castration produces atrophy and testosterone 
admimstratlon hypertrophy of mdtvtdual fibres 
without changing the number of myofibnls 
(see [1] for a rewew) However, rarely ff ever, 
the tropinc acUon of the exogenous hormone 
is more pronounced than that achieved by 
normal clrculaang levels of testosterone, this 
will be &scussed later m more detail On the 
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other hand, testosterone StLmulates the rmtoUc 
acUwty m a myoblast culture system [2] and, 
when given to female rats before the 7th day of 
postnatal hfe, produces a stgnificant increase m 
the number of fibres of the levator ant muscle, 
w~thout affecting the cross-secUonal area[3]; 
on the contrary, after the 7th day of hfe only 
an mcrease m the average cross-secUonal area 
was observed [3] The developmental action of 
testosterone on tins muscle ~s apparently a direct 
acUon of the hormone on the myofibrfls, winch 
already possess androgen receptors, and ~t is 
not medtated by the influence of testosterone on 
the spinal nucleus mnervatmg these muscles, the 
sexual &morpinsm of winch ts a consequence of 
the different number ofmyofibnls existing m the 
two sexes [4]. 

The response to androgens ts different among 
the ammal specaes and among the vanous 
muscle groups In the gmnea pig, those from the 
shoulders, hack and head show a greater sensl- 
tivlty to the androgemc acUon than those of 
the chest and the innd legs [l]. Also m man, the 
muscles of the pectoral and shoulder region 
appear to possess a ingher androgen sensmwty 
(see [5] for a review). 

A parUcular menUon should be made of 
the androgen-dependent, sexually &morphic, 
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perineal muscles of the rat and of the guinea pig 
the levator am, the bulbocavernosus and the 
lschlocavernosus which have been considered 
a model for testmg the relative myotrophlc- 
androgemc actwlty ratio of steroids since they 
possess a higher sensitivity to androgens than 
the other skeletal muscles This ratio, often 
called the myotrophlc-androgenlc index [6], has 
been usually evaluated in castrated immature 
male rats treated w~th &fferent steroids as the 
ratio between the weight of the levator anl- 
bulbocavernosus complex (BCLA) and that 
of the ventral prostate and/or of the seminal 
vesicles [6-8]. However, the vah&ty of the test 
has often been questioned, because the permeal 
muscles cannot be considered real extragenital 
organs [9] It wdl appear, m the &scusslon 
which follows, that the peculiar androgen sensi- 
tivity and sexual dlmorphlsm of the perlneal 
muscles is probably due to their receptorml and 
metabolic profile, which is intermediate between 
those present respectwely in the skeletal muscles 
and in sex accessory organs 

Although not well defined so far, the 
hypertrophic action of testosterone and other 
androgens on the muscle fibers is the conse- 
quence of an increase m protein synthesis [10] 
Bolssonneault et  a l  [11] have indeed described 
following gonadectomy in the rat, a progresswe 
decrease of muscle weight and methionine in- 
corporaUon, as well as of polynbosome transla- 
tional efficiency, these effects can be reverted by 
the administration of testosterone prop~onate 

Androgens also &rectly stimulate some bio- 
chemical parameters related to energy metab- 
ohsm, like, for instance, the uptake and phos- 
phorylation of glucose [12] and the synthesis of 
glycogen [13] In conclusion, there is no doubt 
that androgens exert a clear-cut effect on the 
muscles, which is apparent in females, m devel- 
oping or hypogonadal ammals, and appears to 
be medmted by the activation of androgenic 
receptors 

ANABOLIC STEROIDS: BIOCHEMICAL STUDIES 

Since the initial studies of KochakIan, 
which proposed the possibility to dissociate 
the anabohc from the androgenic effects of 
androgens, more than 600 molecules, the 
structure of which was mainly derived from 
that of testosterone, have been synthesized, 
particularly between the 50s and 60s, m the 
search for a compound exerting a pure 
anabohc action (see [6-8] for reviews) Such a 

compound has never been found, however, 
some synthetic steroids present a remarkable 
dissociation between the anabolic and the 
androgenic activities, at least on the basis of 
the myotrophIc-androgenlc index [6, 7] On the 
other hand, it must be underlined that all 
anabohc steroids, when used in adequate doses 
and for prolonged periods of time, lose the 
dissociation of these two pharmacodynamic 
activities, and can be used in the treatment of 
hypogonadlsm [5] 

Which mechamsm(s) might explain the par- 
tlal dissociation of the anabohc and androgenic 
effects exerted by synthetic anabohc steroids9 

The first question which can be asked is 
whether the androgenic receptors m the skeletal 
muscle differ from those found in classical 
androgen-dependent structures (e g prostate 
and seminal vesicles) Binding studies per- 
formed in several laboratones clearly indicate 
that the androgenic receptors In the skeletal or 
cardiac muscle possess the same binding affinity 
and biochemical characteristics of those present 
in the sex accessory organs [1, 14, 15] Moreover 
the binding affinities of muscle and prostate 
androgemc receptors for the anabohc steroids 
studied so far, do not show sigmficant &ffer- 
ences [16, 17] The identity of the two theoretical 
classes of receptors (anabohc vs androgemc) has 
been also indirectly confirmed by some m vztro 

stu&es[18], m which receptors isolated from 
the cytosol of rat prostatic glands can be easily 
translocated to nucle~ of the cardiac muscle, 
where they bind to the chromatln Finally, 
recent lmmunocytochemlcal stu&es performed 
in rat, mouse and man with mono- and 
poly-clonal antibodies agamst the N-terminal 
domain of the androgen receptor, have m&- 
cated the immunological ~dentlty of the skeletal 
and cardiac muscle receptors with those of the 
prostate and of the brain [19] 

However, at variance w~th these studies, 
Rmzeveld De Winter et  al  [20], uUhzlng differ- 
ent mono- and poly-clonal antibodies, always 
directed to the N-terminal domain of the 
androgen receptor, faded to identify a positive 
~mmunostaming m human skeletal muscle 
nuclei, whde a low intensity nuclear androgenic 
receptor expression was found m myoeardml 
biopsies from 2 male patients, but not m 
the corresponding specimens from 2 female 
patients It is possible that these negative find- 
rags might be due to the low level of receptors 
present in the muscle ceils As a matter of 
fact, comparative binding stu&es performed in 
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the rat m&cate that the number of binding 
sltes/mg of protein are 60 t~mes lower m the 
skeletal muscle than m the prostate, whale m 
BCLA they are only 7 Umes less than m the 
prostate[14] Moreover the Bm~ values (an 
index of the number of binding sites) calculated 
for the cytosol of the human skeletal muscle are 
about 10-fold lower than those of normal or 
hyperplasUc human prostate [21] 

On the basis of the findings quoted above, 
it might be possible to conclude that the &s- 
SOClatlon of the androgenlc-anabohc properUes 
of hormonal steroids cannot be due to the 
presence, in the muscles, of receptors &fferent 
(or with different binding properties) from 
those present m the reproductive structures, 
it emerges, however, that the amounts of recep- 
tors present m the muscles are much lower than 
those found in the reproductive sex organs This 
finding may explain the relatwe low sensmwty 
of the skeletal muscles to androgens 

The next question which can be asked is the 
following does the androgen metabohc pattern 
of the muscle explain the partml dlssocmtlon of 
the anabohc and androgemc effects9 

It ~s well known that m the reproductwe 
structures and m the bram testosterone does not 
act m its original molecular conformation, but 
it ~s locally transformed Into active metabohtes 
through the acUon of two different enzymes 
the 5~-reductase and the aromatase[22-24] 
The 5~-reductase converts testosterone into 
&hydrotestosterone (DHT), which can be 
further metabohzed into 5~-androstan-3~, 17fl- 
dlol (3ct-&ol) by a 3~-hydroxysterold-dehydro- 
genase The conversion of testosterone to DHT 
~s ~rrevers~ble, whde the conversion of DHT to 
3~-&ol ~s reversible in most of the Ussues, 
with a notable exception the muscle [25] The 
aromatase catalyzes the irreversible transform- 
at~on of testosterone into estrogemc molecules 
In male subjects, the 5~-reductlve pathway is 
present in almost all the androgen-dependent 
structures [22-24], whereas the aromatase has 
been demonstrated and characterized only m 
the brain [23, 26], m the a&pose t~ssue [27] and 
m the testes [28] Its presence m the prostate ~s 
stdl controversial [29, 30] The heart and skeletal 
muscle seem to possess a low actw~ty of this 
enzymatic complex [31, 32] 

Due to the multffactonal metabohc pattern 
described above, the androgenic s~gnal can be 
amphfied or modulated w~thm the target cells 
through the interaction of the various testoster- 
one metabohtes w~th different receptors While 

the aromatization of androgens into estrogens 
produces compounds acting through the estro- 
genic receptor, the 5~-reductlon of testosterone 
into DHT produces a compound possessing a 
binding affimty for the androgemc receptor 2 to 
6 Umes h~gher than that of testosterone In this 
case the metabolic transformaUon ~s a mechan- 
ism of amphficatlon of the androgemc s~gnal, 
which is necessary to produce and maintain the 
normal development and trophlsm of peripheral 
androgen-dependent structures, as, for example, 
the prostate[33-35] Among the androgen- 
sensitive t~ssues, the muscle ~s one of the few 
structures m which the 5~-reductase ~s very low 
or absent Massa and Martlm [36] have indeed 
found that, the m v t t r o  formation of 5~-reduced 
steroids Is wrtually absent m the skeletal muscle 
and m the levator anl of the male rat The 
presence of a very low 5~-reductase actlvlty m 
the skeletal muscle of the rat was subsequently 
confirmed by other authors [37, 38] In these 
studies, however, the enzymatic actw~ty of the 
BCLA appears to be slgmficantly higher than 
that present in the skeletal and cardmc muscles, 
even ff ~t represents only 5% of that present in 
the prostate Therefore, as m the case of the 
receptor content, the testosterone metabohc 
pattern of BCLA also appears to be mterme&- 
ate between that of the prostate and skeletal 
muscles 

It ~s noteworthy that, m the muscles (both 
in the skeletal and heart muscles, and in the 
BCLA), there is a high activity of the enzyme 
3~-hydroxysterold-dehydrogenase [25, 36] con- 
vertmg DHT into 3~-&ol, a compound which 
does not bind to the androgenic receptor [17] 
The enzyme is cytosohc, NADPH-dependent 
and is apparently unable to catalyze the back- 
conversion of 3~t-dlol to DHT, moreover, 
~t possesses a h~gher actlwty m females and 
m castrated males [25] Consequently, in the 
muscles, mtracellular DHT ts low, not only 
because of the low 5~-reductase actwlty, but 
also because the 3~-hydroxysterold-dehydro- 
genase further metabohzes this steroid to 3~- 
dlol, which, as previously said, cannot revert 
back to DHT Moreover, 3ct-hydroxysterold- 
dehydrogenase helps to maintain low mtra- 
cellular concentrations of DHT by Inactivating 
the amounts of this steroid reaching the muscle 
cells from the circulation 

Little is known on the role of aromatization 
m muscular function estrogen receptors have 
been ~denUfied in the rat and bowne 
muscles [39, 40], and a possible role of the 
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Fig 1 5~t-Reductwe rnetabohsm of testosterone and of the anabohc steroid nandrolone 

formation of estrogens in the control of glucose 
6-phosphate dehydrogenase m the rat levator 
am has been proposed[41] However, no 
chnlcally ewdent alterations of muscular 
functmn have been noted dunng prolonged 
treatments w~th antlestrogens or aromatase 
lnhlb]tors [42, 43] 

It is therefore hkely that testosterone exerts 
its effects on muscle cells acting m its natwe 
molecular form This metabolic characteristic, 
whmh dlstmgmshes the muscles from the other 
androgen-dependent or -sensitive tissues could 
help to explain the partial dlssocmtmn of the 
myotrophlc from the androgenic actions in 
some anabohc steroids (see below) 

Among the great number of anabollc 
molecules synthesized, 19-nortestosterone (nan- 
drolone) IS one of the first discovered, the most 
used and indeed the best studied When admin- 
istered to castrated male rats, ~t appears to be 
5 umes more active m increasing levator anl 
than sermnal vesicle weight [7] Nandrolone is 
as good a substrate for the 5~t-reductase as 
testosterone [44] and the main metabohte of 
this reaction is 5~t-dthydronandrolone (Fig 1) 
The relevant finding is that the 5or-reduction of 
nandrolone (at vanance with what happens for 
testosterone) does not result In the amphficatlon 
of the hormonal signal [45-47] Figure 2 shows 
the conversion of testosterone into DHT which 
is associated w~th an increase In the binding 
affinity of the reduced steroid to the androgen 
receptor, on the contrary, the 50t-reduction of 
nandrolone (a compound which itself brads 
to the prostatm androgenic receptor with an 
affimty higher than that of testosterone) pro- 

duces a metabohte possessing a lower binding 
affimty than that of the parent compound 
These m w t r o  results rmght explain the different 
m v w o  nuclear retentions of testosterone, 
nandrolone and the]r 5~-reduced metabohtes m 
the prostate, m the skeletal and levator anl 
muscle of rats, after a continuous infusion of 
comparable amounts of testosterone or nan- 
drolone (Fig 3) As hypothesized by Tooth and 
Zakar [45], it IS possible that the simultaneous 
presence In the molecular structure of a 4-ene 
double bond and of a 19-methyl group results in 
a stenc structure which presumably does not 
accurately fit the sterotd binding domain of the 
receptor, once one of these chemical features is 
eliminated (by 5~-reductlon or by the removal 
of the 19-methyl group), the molecule increases 
its binding affimty, however, when both these 
modifications are present, as in the case of 
50t-dlhydronandrolone, the affimty becomes 
low These m w t r o  and m w v o  stud]es rmght 
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Fig 2 Relatwe binding ~ t l e s  of testosterone (T), DHT, 
nandrolone (N) and dlhydro~ndrolone (DHN) to the 
androgenic receptor of the rat prostate measured m v m o  

(Data from Ref [46] ) 
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explain the prevalent myotrophlc effect of nan- 
drolone the 5~t-reductaon of the drug, occurnng 
m the prostate with tugh yields, leads to a 
compound wluch has a lower aflimty and 
nuclear retentmn than DHT, and wluch there- 
fore exerts a relatwely low androgemc effect 
On the other hand, in the muscles, where the 
5~t-reductase is low, nandrolone possesses a 
htgher affimty than testosterone for the andro- 
gemc receptor, leading to a relatwely strong 
myotroph~c action 

Obwously, the mechamsm of the anabohc 
actaon proposed for nandrolone cannot be 
generahzed, since not all the anabohc steroids 
are good substrates for the 5~t-reductase as, 
for example, methanedlenone [48] Moreover, 
to the authors' knowledge, the metabohsm of 
the anabohc steroids and the binding affimty of 
the metabohtes to the androgemc receptor have 
been studied in detad only m the case of nan- 
drolone However, it ~s interesting to note that 
some steroids w~th anabohc-androgemc acUvaty 
m v w o  do not brad m v t t r o  to the androgemc 
receptor, as for example does oxymetholone and 
ethylestrenol[17] An redirect mechamsm of 
actmn possibly wa their blotransformatlon mto 
active compounds should be postulated m these 
cases 

ANABOLIC STEROIDS:  EFFECTS IN ANIMALS 

The classical therapeutic uses of androgens 
and of the anabollc steroids are hnked to the 
correctaon of male hypogonad~sm, to the treat- 
ment of hereditary angmneurotlc edema and to 
the stlmulatmn of erythropo~esls and of bone 
mmerahzatlon [49] Unfortunately these drugs 
are also used by athletes in the hope of improv- 
ing their muscular mass or their physical per- 
formance Androgens are undoubtedly able to 
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Fig 3 Nuclear retentmn o f  testosterone (T), DHT,  nan- 
drolone (N) and dlhydronandrolone (DHN) m the prostate, 
levator am and skeletal muscle of  the rat  after a continuous 

lnfusmn of  labelled T or N (Data from Ref [46] ) 

Table 1 NegaUve experimental results mammals 

Supraphystologacal doses of androgens admlmstercd to rats do not 
produce adthttonal muscle growth beyond that expected for 
physiological levels of testosterone [53] 

The anabohe stermd stanzolol has no effect on the body weight, 
muscle growth and protein metahohsm an normal well-fed male 
rats [54] 

Testosterone admm~stratton does not alter the bmchem~cal par- 
ameters related to energy metabohsm an the rat gastroenemms [55] 

Testosterone ~mplants do not produce synerg~stlc effects on 
compensatory muscle hypertrophy (muscle weight and oxtdatwe 
capacity) m normal male rats [50] 

mcrease muscle mass in subjects with low orcu- 
latlng levels of testosterone such as prepubertal 
or hypogonadal males and females However, 
their actual effectiveness m producing syn- 
erglsttc effects with those of exercise has been 
challenged, since the castration of male rats [50] 
or chromc treatment with testosterone of female 
rats [51, 52] does not affect the compensatory 
hypertrophy of the plantarls muscle or its 
oradatlve capabdlty, after the removal of its 
synerglsttc muscles 

Most of the results obtained in normal male 
ammals (Table 1) substanUate the hypothests 
that the admm~straUon of supraphys~ologlcal 
doses of androgens does not exert remarkable 
effects on the skeletal muscle Moreover, it is 
noteworthy that the number of androgemc 
receptors appears to be down-regulated by 
testosterone and other androgens, since cas- 
trauon of male rats and sheep produces an 
increase in receptor number without affecting 
their affimty [56, 57] 

Anabohc steroids, however, appear to exert 
some posltwe effects in normal male ammals 
on some aspects of protein and energeUc 
metabohsm of the muscles (Table 2) 

ANABOLIC STEROIDS" EFFECTS IN HUMANS 

In humans, most studies on the effects of 
anabohc steroids on muscle strength or mass 
have been performed m atheletes It is rather 

Table 2 Posltwe experimental results mammals 

UUl~ng the '~N-tracer techmque tt has been shown a poslUve 
influence of androgens and of androgens + tralmng on protein 
synthem m the rat [58] 

Methanedmne treatment m combmaUon w~th phy=cal exercise 
increases myofibnllar protein concentraUon [59] 

Anabohc steroids can affect m~tochondnal and sarcotubular 
enzymes m skeletal muscle of the male rats [60] 

Anabohc steroids increase the acUwty of the enzyme carmtme 
palrmtoyltransferase m mltochondnal outer membrane of fast- 
twitch muscles of male rats The enzyme plays an ~mportant role 
m regulating the flux of long-chain fatty aods to mltochondnal 
oxldaUve metabohsm [61] 
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surprising that, after many years of use and 
abuse, It is still not clear whether anabohc 
steroids are able to improve athletic perform- 
ances The difficulty in carrying out properly 
designed studies constitutes the reason for this 
uncertainty The number of controlled trials in 
which the admmlstrauon of anabohc steroids 
was meffectwe [62-72] is almost equal to those 
in which slight effects on muscle strength or 
mass have been shown [73-83] 

Many experimental differences make it 
difficult to reach a unitary mterpretatlon of the 
results (a) the studies usually include a limited 
number of subjects and they are not always 
blinded or bhndmg has been broken because of 
the side-effects of the drugs, (b) different steroids 
have been given in different doses (whmh are 
usually much lower than those utlhzed when the 
drugs are self-administered), (c) the lengths of 
the experimental periods are usually relatively 
short (3-4 weeks), particularly in placebo- 
controlled studies, (d) different training pro- 
grams during and before the study, different 
assessment criteria, and different diets have been 
used, and (e) placebo effects or the increased 
aggressiveness reported by many steroid-users 
might have affected strength measurements 

Despite the inconsistent results of the litera- 
ture, some recent papers and reviews [84-88] 
maintain that significant Improvements in 
athletic performances can be observed if the 
following criteria are met (1) steroxd adminis- 
tration in previously trained athletes during 
intense training, (2) supplementation with high- 
protein, high-caloric diets, (3) utilization of very 
sensitive techniques of strength measurements 
(multiple-joint, single-repetition, maximal-weight 
techniques), and (4) administration of high 
doses of steroids for very prolonged observation 
times (for instance, significant effects appeared 
after 4 5 months of administration plus training 
in the study of Alen and Hakkinen [85]) 

This opinion IS In substantial agreement 
with that of the American College of Sports 
Medicine which in the position stand [89] states 
that anabohc steroids can result in small but 
significant increases m strength in some but not 
all indIvaduals 

It is the view of the authors that, if an effect 
of the anabohc steroids on the muscle mass 
or physical performance m eugonadal male 
subjects exists, it is very small and still lacks a 
strmghtforward demonstration However, if we 
assume that such an effect exists, what are the 
possible mechanisms of action9 

In normal adult men, the concentration of 
testosterone in the blood is 3 to 10 times and 
that of DHT IS 1 to 3 times the respectave K d for 
the androgenic receptor, in this situation, it is 
likely that the androgenic receptor system is 
almost completely saturated by the circulating 
steroids The androgen receptor is therefore 
probably not Involved in the action of the 
anabollc steroids m these subjects It IS then 
possible that anabohc steroids exert their 
action on several other parameters They might 
antagonize the increased protein breakdown 
during the muscular stress of athletic training 
(see below), they might increase fluid and elec- 
trolyte retention, producing an increase m body 
weight [5], they rmght induce a faster recovery 
after strenuous exercise as suggested by lower 
circulating lactate [90] and creatme kmase levels 
in anabohc users [91], or they might produce 
psychological effects (Increased aggressiveness, 
euphoria and diminished fatigue) which might 
facilitate the tramlng and help in competitive 
performances [5, 64] 

Finally, it should be remembered that recent 
studies have ~dentlfied rapid effects exerted 
by androgens on the skeletal [92] and heart 
muscle [93] These effects are still poorly charac- 
terized and may involve the action of androgens 
on membrane receptors present In moto- 
neurons [92] or directly on the myocytes [93] 
In cultured cardiac myocytes, for example, 
testosterone may induce a transient accumu- 
lation of polyamines which apparently serve as 
lntracellular messengers to regulate transmem- 
brane calcium movements [93] The involvement 
of membrane effects of androgens in muscle 
physiology is purely speculative at this point 
The existence of an antlcatabohc effect, pro- 
posed by many authors as the mare mechanism 
of action of anabohc steroids, IS rather contro- 
versial The field has been recently reviewed by 
Hlckson e t  a l  [94] According to some authors, 
the muscle atrophy induced by cortlcosterolds 
may be retarded by anabollc steroids, however, 
other authors disagree Moreover, the binding 
studies performed tn w t r o  and m v t v o  are also 
contradictory a very low binding affinity of 
anabohc agents to the glucocortlcoid receptor 
has been shown m some studies, while others 
have underlined more significant cross-binding 
of anabohc steroids to the glucocortIcoId 
receptor 

In conclusion, it appears that the effectiveness 
and the possible mechanism(s) of action of 
anabohc steroids on the muscle of eugonadal 
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subjects are sttll open to &scusslon, unfortu- 
nately, it clearly appears from the hterature that 
the contmuous admlnlstratmn of tugh doses of  
anabohc steroids produces a large number of 
s~de-effects some of which are serious, lrrevers- 
tble and possibly hfe-threatenmg [5, 95-99] 
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