
l \ 1" • . ~Cl" • .. 

/ DÉPARTME·NT or PHÂRMACOLO~Y ~ND l'HERAPEUTICS 
MclNTYRE MEDICAL SCIENCES BUILDING 
)655 DRUMMOND STREEJ'. MONTR1!AL 109. QtlE ... CANA1>A 

McGILL UNIVERSITY 

1 , 

• --- ARANDA, J. V. Ph.D. Thesis 

1 

SHOR~TITLE: 
(. 

THYROXIN AND DEVELOPMENT OF DRUG METABOLIS~ 

\ 

" 

\ ~ 

/ 

, 

, 
• 

... 

" 

~ { 

/. 
f 

1> 

. -
( 

/ 



,'. 

" 

• ~ 
" 

. , 

. , ... 

d 

(j 

." 
.~ 

\ ~-

1 • 

'.. t -

" 

. ~ 

1ID'ROXIN AND DEVELOmENI' OF HEPATIC\ . 
• M!CROS(}.fAL rnUG OXni"TION AND ELEcmCN TRANSPORT 

. IN' MAN AND RATS' " • 

.. 

JArnB V. '~NDA, H.D,. 

A thesis suhmitted to t~e Faculty of Graduate Studies 
and Rèsearch in partià1 fu1fi1llnent of the requireJllents: 

for' the degree of Doctor of Phi1osophy . 

Department of Pharrnaço1ogy-and'Therapeutics 
'1 

'~Gi11 University 

Montreal, Quebec . 
fi 

'"'canada 1) 

.,; 

..-/ , 

')arch, 1975 

rJ 

1 ® i Jacob V. Aranda. 1975 i 
j 

, .... 

" 

, .. 

ja 

., . 

J,. 



" r 

• 

Jacob V. Aranda M. D. 
Departrnent of Pharmacology 

and Therapeutiés 
Ph.D. 

- i -

ABSTRACT 

- . \ 
The neonatal phase of the ontogenetic pattern pf hepatic , -

mlcrosomal mixed function oxidases (HMMFQ) in man and the influence of 

thyroid hormone 9n.this ontogenetic pattern in rats were studied .. In 
""'-

the neonatal peTioq in man, there is a significant deficiency in the 
r 

\ 

actlvity of hepfltic JIlic'rosomal amip.opyrine N-deme~l'lylase, anilin~ p-

hydroxylase, NADPH oxidase, NADPH cytochrorn~ c reductase. and in the 

amount of cytochrome V-45Q and nu measurable ac~vity of NADPH cytochrome 

P-450,teductase. AlI of these enzymes exc~pt amInopyrine N-oemethylase . 
Slgnific~tlY ~orrelated ,wi,th postconce~tion~nd~cating .that 

signi~i~t dev~lopmental events occur during the newQorn perlod. The se 

developmental even1t6 aré,probablymodulated by thyroxin, a hormoné clo·sM.y 
.' 

related to both' drug oXldation ând organ development as evidenced by 
/ 

• # 
changes 'in the de~çlopmental pattern of the hepatic microsomal drug 

oXldizing enzymes in various alteren thyroid states. An acut~ single dose 

of thyroxin ln u;unature rat~ resulted ln signiflcant increase in the' 

" actlvity of aniline p-hydroxylase and the microsomal e1ectron transport , 
" , 

enzymes. Chrpnic hyperthyroid state during the first 5 weeks of age 
, 

resulted in slgnificant acceleration o~he develorment of hepatic micro~ 

somal àniline p-hydroxyla5~t NADPH oxidasè a.TJ.d !'IADA1 cytochrome c reductase 

activIty, but with significant deceleration in the development of 

cytochrome P-450 content. Conversely, hypothyroidlSffi produced by 1311 

administered at birth resul ted in elfe~ts op~site to hyperthyroidism 

(dèçeleration of NADPH cytochrome '€;<reductase and acceleration of 
J 

cytochrome P-450), which we(e'reversed by replacement therapy with L-. 
thyroxm. These' effects were, not demorlstrated by the" addition, of thyroxin .' 
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in vitro. Postnatal age 1S a major detenninant in the .effect of 

thyroxin on hepatic rnicrosomal oxidation aftd electron transport as 
, 

\ 

\ 

weIl as t11e duration of' altered 'thyrpid state.~ 'It is proposed that .. . . , 
.1 ~ ~ 

thyroid honnone, ,is an :iMportant regulator in the development of 1 

hepati~ rnièrosamal drug ox idat ion ,and electron transport. 
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~ .. - RËSUME . . / 

LA 1HYRoXlNE- ET LE DEVELOPPf1.fENT DE L"OXI1lA.TION œs ·DROGUES rfr ru T~RT 
DES ~S PAR LES MICRO&NF.S HEP-l\T1QUES (lffiZ L'fD.ME ET ŒIEZ LE RAT 

fi' " Nous avons etudie l'ontogênèse des oxidases hépatiques 
~ 

à function mixte chè z l' horrme, et l'influence des honnones thyroidiénnes 

~ur l' ontog:nèse ~ ces k.zymes chez 'le rat • 
, , fIII ..". , 

Duran~ la periode neonatale chez' l 'hamne, on observe me defici~nce 

significative' de l' aminopyrine-N-danethy1ase, de 1.' aniline-p-hydroXylase, 
... 

de l 'NADPH oxidase, NADPH cytochrane c reductase et du cytoch;rome P-4S0, 

tandis que i 'NADPH ,cytochrome P-4So. reductase n'est pas mesurable. Il 
/ . ~ 

existe une correlation significative entre l'~ctivite de toutes ces 

enzymes, exception faite de l'arninopyrine-N-~thylase, et l'âge postnat~i, 
. 1 

ce qui sugg~re r une evolution significative de leUlS activi t~s apres la .. 
naissance. r''' . .".. 

Ces etapes ct~ develowement sont probablement mfluencees par 
, 

la thyroxine, honnone int~ernent associee à la fois à l'oxidation des 

medicaments et au develol!!JemfJlt des fonctions 

les chang~ents de l' QTltogenese des enzymes 

. '-"'. organlques coorne en ternolgnent 

hepatiques mictosorna1e~ qui 

president à l'oxidation des m~dicaments, au cours d'alterations de la 

fonction thyroidienne. Une seule dose de thyroxine administree au rat 

imp~re produit une augmentation significative de l'activit~ de l'aniline-, 
/. ... " 

p-hydroxylase et des ~nzymes du systeme microsanal de "transport d'electrons. 

Un 'état d 'hyperthyroidie au cours des 5 premières semaines de -vie a pour 

consê'quence tme acceleration 'significative du dev~loppemert de l' aniline-

p-hydroxylase. de l' NADPH oxidase et de l' NAD?H cytochrane c reductase, 
r 

associ~ à un ralentissement significatif dU/d~ve1oppœEnt 1u cytochrame 

P-4S0. Inversement, l'hypothyroidie produite par l'administration ~'iode 

131 a la naissance amène des effets contraires (diminution de' l'NADPH 
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cytocltrane c reductase, .acc~leratiop. du d~veloweme~ du cytoc.hroE 

P-4S0). Ces e~fets sont ~fersibles ap~s ~istration de 1.-~ne. 
Cette' action' de la th~~e n'est toutefois pas ~trable in 

vi 'tro. L'action de la th~ine 1 sur le 'système mi4rosai.a.l d' oxi~tion 
.. 1 • c 

fi' """ ,. hépatique ,et de transport d f electrons dépood de la duree de l' etat 

d~ hyper ou d 'hypOthyroidie aussi bien que de l'âge pos tnatal. 
. , 

Nous proposons que l' honnone thyroidienne. est un regUlateur 

important du dévelowement du système microsanal d 'oxidation et de , . 
, " 

transport, d' electroT\S dans le foie. 
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PREFACE 

FORMAT OF nrn' THESIS 

. ( 

Pursuant to regulation 4.2.7. (h) of the Faculty of Graduate Studies 
, 

and Research of McGill University and to the "Thesis Fonnat" adopted by 

the fupartment of Phannacology and Therapeutiès of ~cGi1l Uni versi ty, 

the Illain body of this thesis is presented in manuscript foms sui table 

for publication in a Learned Journal. 

The section en.ti tled, "General Intro~ction and Statement of the 

Problems" is relatively short, and in order to avoid detraction from 
.... 

the continuity of the contents of this thesis, a review of literature 

relatlng to the reIatiQnship of hepatic microsomal drug metabolism ~d 

thyroid hormàne is presented as an appendix CAppendi~ A). The relevant , 

points which are necessary in the comprehension of the results shown in 
~ 

the individual manuscripts are presented in the appropriate manuscripts. 
<. 

The flrst manuscript has been published in the Journal of Pediatrics and 

the other manuscripts have been submitt~à for publication in the journals 

indicated in the title page of each of these manuscripts. The first .. 
manuscript (MS.1) relates to studies perfonned in hunan tissues. Due to 

ethical and practical considerations and due to the nature of the fonnufated 

problems stated in the later part of t~e General Introduction, subsequent 

studies were done in experirnental animaIs (MS. II to IV). Some degree of 

redundancy between the General Introduction, General Discussion and sirnilar 
. 

sections in the manuscripts was unavdidable. In an attempt to present 

the relevant points more systematically, a subheading was incIuded in . , . 
the "appropriate sections /of th{ General Discussion'. A section enti tled 

"Conclusions and Staternent of Original Content" dealing with aU the 

'. 

manuscripts is presentèd between the last manuscript (MS. IV) and the Appendices. 
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GENERAL mTRODUCfION .ANJ) STATIMFNf OF 1HE PRQBLIM 

The oxidâti ve biotransfounation of a large variety of ,exogenous 

and endogenous compounds of physiological and pharmacological interest 

is known to occur primarily in the liver (Kens 1er et al., 1947; Mueller 
. 

and Miller, 1948; Gillette, 1966; Brodie, 1966~. The participation 

in these oxidative reactions, of an enzym~ camplex associated with the 

disrupted endoplasmic retj culttll (micros anal fraction) of the li ver was 

estab11shed in the mid-1950's (Brodie et a1., 1955; Cooper and Brodie, 
-,- -- , 

1955). Sl!bsequent studies in the field of drug metabolisrn during the 

past two decades have provided evidence that this rnicrosorna1 enzyme complex 

cata1yzed the biotransforrnation of dn~s (Brodie et a1., 1955; 

Axelrod, 1955a, 1955b, 1956),' Evidence was a1so provided that these.o)Çidative 

enzymes are NADPH-dependent and are oxygen-requiring O1ueller and Miller, 

1953; La Du et al., 1955; Gillette et' al., 1957). ' This requirement for 

NADPH and molecu1ar oxygen for the formation of an oxidized polar deri - : 

vati ve of the parent cornpolIDd and a mo1ecu1e of water, led ta the c1assi-

fication of this enzyme system as mixed function oxidases (Mapon, 1957) 
, 

or monooxygenases (Hayaishi, 1962) as illustrated in Figure 1 (Manuscript, I) . 
. , 

Their subcellular localizatiop in the smooth endop1asrnic retlclÙt.nn of the 1 

(HoltZJllan, 1968) logically 1ed to the terminology ''hepatic mlcroso- V , , 1iver 

mal mixed function oxidase sy~tem". 

In the late 1950' s, the activi ty of the hepatic microsana1 

enzyme sys;em in the newborn experimental animal was first reported to be 

• 
1 
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deficient (Fouts and Adamson, 1959; J~dorf et al., 1959). Subsequent 

biochemica1'and morphologicq.l studies confinned the observation, 

and supported the concept that the newbom experimental animal has a ne

gligib1e activity of the hepatic micro'~(JT\a1 drug oxidative enzymes . , 

(Kato et al., 1964; Fouts and fuvereallx, 1972; Ma.cLeod et aï., 1972; 

Short and Stith, 1973; Basu ~ aL, 1971; Gra'm et al., 1969; Henderson., 

1971; Soyk~ 1969; Klinger, 1968; Rane, 197)j. .. ..-- .. , 

In man, the concept that' the newboTIl infant also has a deficient 

capability to l\letabo1ize drugs was not fully recognized mtil the advent 

of the "gray baby syndrome". . This was related to the use of chloramphenicol 

in the premature infants in the 1ate 1950'5 (Sutherland, 1959; 

Burns et al., 1959). Ch1oramphenicof, achninistered to premature newborn 

infants in the usua1 therapeutic doses for older chi1dren. (100 mg per 

kg per day) resu1ted in a syndrome characterized by fatal cardiovascu1ar 
, 

\ 

collapse (Sutherland, 1959) which accotmted for a significant neonatal 

morbidity and morta1ity (BuTIls, et al., 1959). Ch1oramphenicol 

requires glucuronide conjugation for elimination from the body and 

because of the deficient g1ucurony1 transferàse activity, chloramphenico1 

acclIDulated !""t?XiC concentrations in the b100d fweit. et al.. 1960). 

As a deficiency in the hepatic conjugative cfacity of the 

newboTIl mfant ~s demonstrated (Weiss et al., 1960; Brown and Zuelzer, 
1 

+958), suggestive evidence of a deficient nepatic oxida.tive capacity began 

to accumulate. Vest and Streiff (1959) gave acetani1id to ten newborn 

infants and showed that the peak concentration of the oxidative product 

para-aminophenol, appeared 1ater cornpared to older children (Vest and 

Streiff, 1959). Simi1arly, to1butamide administered oral1y or intravenolis1y , 
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to ten nonnal full tenn infants had a prolonged plasma retention during 
, 

the first two days of life (Ni towsky et al., 1969). There was, an 

inverse correlation between the plasma disappearance of the drug and 

the appearance of the oxidizeq metabolite, carboxytÇ>lbutamide fNitowsky 

et al., 1969). Further evidence for a decrease in oxidative capaci ty was 

shawn when ~inopyrine plasma half-li ves were measured in the first and 

eight days of life in fifteen normal full tenn infants (Reineéke et al., 

1970). There was a successive increase with age of arninopyrine el irnination 

rate frrnn the plasma (Reinecke et al., 1970). The lack of significant 
1 ---

metabolisrn of drugs such as diazepam in the human fetus (Idanpaan-

Heikkila et al., 1971), and the higher blood level and prolonged serum half-

life of diazepam in premature infants relative to older children 

(Morselli et al., 1973) also suppolted the concept of a deficient drug . 

oxidative ftIDction in the neonatal period. Possible subcellular and 

biochemical basis for this deficient drug oxidative functlon in the human 

aborted fetuses was shown by lower activlty of the hepatic microsomal mixed 

ftmction oxidase system relative to adult liver mictosanes (Yaffe et al., 

1970; Pelkonen et al., 1973). Presently the data on hepatic microsomal 

enzymes that are available in the literature are limi ted to studies on hunan 

aborte~ fetuses with maximum fetal age of 25 weeks (Yaffe et 'al., 19,?:O; 

Pelkonen et al., 1973; Rane and Ackermann, 1972)iand there are no uanti-

tative"determinations of the activity of the hepatic microsomal ixed 

ftmction system in the later part of g~station, or in the prem ture newbom 

infant. 

The continumg high degree of exposure of the hlUll fetus and /.----
,..,---;/ 

newborn infant to drugs (Tables t and II) warrants th~/,~ti~~ of 
~_ -t_"""'''' ~ 

o' 

) 
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c the~: ~apabi~y ta hand1e ~d m~abolize these drugs. c Epidemio~ogica1 
studies (Tabl~ I) have, demollStrated that about 80 to 90% of pregnant . 
mothers hav~ conslDOOd an avérage number of 3 to 10 drugs (Forfar and 

" .' 

Nelson, 1972; Hill, 1972~ Peckham and King, 1963). The aggressive 
1 

diagnostic and· therapeutic app~oaches adopted by the ne~ata1 intensive 
,0 • 

care uni ts also paralled the increased used of drugs 0 in the newborn 

infant (Table II). Many of these drugs used in the fetal and neonatal 

period ~equire biotransformation cata1yzed by the hepatic microsomal 

mixed 'function oxidase system and t~e.present studies were desfgned to 

detèrmine the acti~ty of this sys~em in the premature and full term new-

born infant. 
• • 

The fïrst tnanuscript in t!lis thesis, ''Hepatic MicrosOOla1 Drug 

Oxidation and Electron Transport in the. Newborn" , sought to answer three 

questions: 

1. What is the activity of the hepatic drug oxigizing ~nzymes and 

the electron transport components in the hepatic ~crosames of premature 

and full tenn newborn infants? Infonnation obtained· fram this study , 

may provide quantitative estimates of the functional deficiency in the 

premature and full teÎm newborn infant. 
~) 

, 
1 

2. Which electron transport coinponent(s) is/ar~ substrate oxidation 

cIosely re1ated to? Correlation of the'rate of substrate oXldation with . ' 
l' • 

a specifiej e1ectron transport cOOlponent has been uti1.ized previously 
. " 

. in experimenta1 animaIs to try to identify thé nite 1imi'ting step in . . 

microsoma1 drug· oxida~ion (Gigon et a1.~ 1968). 'The possibility of 

\ 
\J 

o 
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, . 
identltying the rate Illniting step was atternpted in the human liver , , . 
microsomes frem premature and full tenn newborn infants. Identifiql.tion 

of the rate limiting step in drug metabolism during the neonatal period ..., 
? 

_might 1ead to the development of.therapeutic regllnens which could 
- J 

, 0 ~ 

circumvent a faulty metabolic step or WQuld at 1east permit the promul-. -

gation of rational princip1es for neonata1 drug therapy. 

3. Does the activity of the hepatic microsomal drug metabolizing 

enzymes increase wi th age during the 1ater panl of gestation and i..11 the 

neonata1 period? This prob1em is a corol1ary to the major que~on in 

hlUl1an drug metabolism which seek!J to determine the tirne when the deficient 

neonata1 drug oxidative funct10n attains adult 1eve1 of activity. 

. Although there is a:f.\ncreasing availability of data re1ating to 

the activity of the hepatic micros6mal mixed functlon oxidased system in 

man (Yaffe et al., 1970; Pelkonen and Kar1;i, 1971; Ackerman et al., 1972; 

Rane and Ackerman, 1972; Pelkonen et_al., 1971; Juch au , 1971; Pomp et a1., 

1969; Pe1konen, 1~73; Pe1konen et al., 1973; Ranc and G~taffson, 1973; 

Rané, 1974; and Aranda et al., 1974), the deve1opmenta1 pattern of the 

mi cros omal drug metabo1izing enzymes in humans remains unknown. Further-

r. more, the availab1e data in the li terature are insufficien t to predict a 

pos~i~e ontogevètic pattern of tPese enzymes. Specifical1y, the question 

of ~n, the low activity of the microsoma1 drug metabolizing enzymes in 

the hllllan fetus and newbom infant tmdergoes full differentiation or 
, . 

maturation to adu1t level of activity remains unanswered. In the 

eJqterimental animaIs, most ~crosomal drug-oxidatlVe enzymes approach-

adult leve1 of activity at approximate1y 3 to 6 weeks of age QMacLeod et 
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al., 1972; Fouts and Devereaux, 1972; Short and;navis, 1970; Short and 

Stith, 1973; Katoet al.; 1964; Bresnick and Sfe~enson, 1968; 

Basu et al., 1971; Soyka, 1969; Henderson, 1971; Jondorf, et al., ).959)." 

The attainment of adult level of en~e activity varies according to the 

substrate oxidative enzyme, electron transport camponent enzyme and to 

the sex, strain and species of animal studied. The time periods 

of the developnent of various hepatic microsomal drug metaboli'zing enzymes 

to adult activity are summarized in Tables III and TV. 

The temporal events leading to full maturation of microsamal drùg 

oxidative capability and the factors regulating these events are areas 

of major interest in ~rinatal pharmacology. Identification of physiological 

and pharmacological influences which allow for increased ~g-metabolizing 

enzyme activity in the immàture animal may elucidate the normàl sequence 

of biochemical events in enzymic differentiatio~ :ûî drug metabolism. One 

possihle factor that may significantly influence the development of the 

hepatic microsomal drug oxidative enzymes is thyroid hormone. The basis 

of this hypothesis is summari~ed as follows: 
""~,. 

1. Thyroid honnone ~s an important regulator of the development 

of sorne organ systems (e.g. brain) (Balazs et al., 1969). Defeciency 

of thyroid hormone results in retardation of the development of the ~rain 

(Balazs et al., 1969). Thyroxin administration to fetal rabbits results 
0( 

in acceleration of the maturation of-the lung and increased pulmonary 

surfactant production (Redding et al., 1972; Wu et al., 1973). 

2. Thyroid hormone is tntimately related to hepatic microsomal 

drug metabolism (Kato and Takahashi, ~968; Crooks et al., 1973; . 
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Eichelbaum et al., 1974). This is discussed in Appendix A; 

3. The appearance of measurable thyroid hormone seans to 

coincide with the appearance of measurable drug oxidative enzymes in the 

human fetus and in experimental animaIs (Greengard, 1969; Sh,epa!d, 

1967; Greenberg et al., 1970; Pelkonen, 1973; Fisher et al., 1970)" 

Since thyroid hormone is related to both organ development and 

drug metabolism, ir seemed possible that it i5 c16sely related to 

the development of hepatic microsama1 drug metabolizing enzymes. The ,. 
possibility was considered that thyroid hormone significantly 

\ '" 

influences the ontogenesis of the hepatic TIÙcrosomal mixed fmction oxidase 

,1 system. 

" The second and,third manuscripts, '1be Effect of Thyroid 

Honnone on the DeveloJ?lIlent of Hepatic Microsomal Drug Oxidipng Enzymes 

in Male Rats" and '''Thyroid Hormone and Postnatal Rate of Reduc.tion of 

Cytochrome P-4S0 by NADPH" respectively, sought to answer the question 

'~at is the îhfluence of thyroid hormone on th~e developrnent of hepatic 

microsomal drug oxidatlOn and electron transport?" Delineation of the 

effect of endogenously occurring growth-promoting subS'trates such as ' 

thyroid hormone may provide an insight into the normal sequence of events 

invblved in microsoma1 enzymic differentiation and the fundamental 

mechanisms wh(ch regulate the se events." 

The four th manuscript entitled "Age fupendent Response of Hepatic 

Microsomal Mixed Function Oxidase System to Thyroxin", sought to answer 

the question ''What is the influence of age on the inducibility of the 

hepatic microsomal drug metabolizing enzymes to thyroxin?'.' 

Several factors seem to influence the responsiveness of thé 
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hepatlc microsamal drug metabolizing enzymes tp induction by exogenous 

substnate and hormones (Fouts, 1968). One of these factors is age wh~ch 

appears to be a major determ~ant in the quantitative and perhaps 

qualitative response of a specifie organ or enzyme system such as thè 

A drug rnetabolizing en~es to a particular agent.- The quantitative 

difference in the response of the microsamal drug mctabolizing systems, 

as a function of age, is evidenced by sa to 200~ greater inducibility of 

b1phenyl-4-hydroxylase, biphenyl-2-hydroxylase, p-nitrobenzoate reductase . 
and cytochrame P-4S0 by phenobarbital ~n 12 day old rats compared to 

52 day old rats (Basu et al., 1971). S~ilar age-related responsiveness , 

- " to phenobarbital .has been demonstrated, with a greater induction of 

aminopyrine N-demethylation, hexobarbital hydro~latian, aniline p
i 

hydroxylation and p-nitrobenzoate reœlction in 40 da~old rats eompared to 
~ ""'" 

older animaIs (Kato and Takanaka, 196Q), thus suggesting that i~ture rats 

are intrinsically more responsive to enzyme induction. Furthermore, 

within the period of development, when several biochemical adaptive changes 

occur, there is an increased variability in the response of drug metabolizing 

enz~e system to induction. For instance, oxidative enzymes for hexobar

bitaI and aminopyrine in fetal rabbits studied 4 to 8 days prior to term 

were refractory to phenobarbital induction, whereas these same enzymes , 

were readily inducible after birth (Hart et al., 1962). These observations 

indicate that the effectiveness of induction markedly de pends upon the 

age at which the inducing agent is administered. 

Clinical applications of age-related inducibility of enzyme 

syste~ has been demonstrated in steroid induction of other organ systems 
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such as the lungs in newbom infants (Liggins et al., 1972; 

Baden et al., 1972). For instance, induction of pul.Jnooary surfactant " 
-. 

to prevent hyaline membrane disease in the n~wbom infant occurred 

when ste~ids were administered before 32 weeks ge\tation and induction 

was not successful when steroids were given later ~an 32 weeks gestation 

(Liggins et al., 1972) or after birth (Baden et al:, 1972). Determination 
-- t 1 --

of the degree of inducibil~ty of the hepâtic rnicros~l enzymes by 

. , 

thyz:oxin as a nmction o.f age may allow for optimum and effeçtive induction 

when such induction is desllable. 

, 

1 

;;.' 
" 

1 • 

l, _ 
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TABLE 1: Profile of MaternaI Drug Intake during Pregnancy 

Percentage of mothers taking drugs (self-redicated and/or 
preseribed) in 'pregnaney 

Iron 
Analgesies 
Vitamins 
Antacids 
Barbiturates 
Diureties 
Antiemetics 
Antibiotics 
Sul fonamides 
Cough Medicines 
Antihistamines 
Homiones 
Tranquiliz(Jrs 
Bronchodi -, ators 
Hypnotics 
Appetite suppressants 
Nareotie 

Average number of 
Drugs consume~/patient 

Forfar-1972 
E~· b gh 
n 11 

% 

82.0 
.63.2' 

39.8 
34.4 
28,0 

1 18.0 
16.3 
15 .. 6 ). 
12.5 ) 
8.3 
6.8 
4.1 
3.6 
3.1 
1.4 
1.2 

a, included in barbiturates 
b, inc1lrled in cough medicines 
e, ine1uded in hypnot~es 
d, inc1uded in antihistam~nes 
e, excluding iron 

Peckham-1963 
Oakland 

n ~ 3,072 
% 

87 
24 
78 ' 
13 
32 
32 
15 

23 

4 
17 

8 
a 
b-

14 
14 
c 

.. 

Hill-1972 
Hoœton 
n Il .156 

% 

" 41 
64 
25 
35 
24 
57 
36 
41 
6 

52 
.Zo 

d 
9 

10 
5.0 

10.3 
(3-29) 

... 
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TABLE II: PROFILE OP rn.œ UfILIZATION IN A NEoNATAL lNTENSIVE 
CARE UNIT (NICU) (a) ;' 

) . 
Rercentage of l)ewbom infants \\ho received' drugs in the 

• 
Mbhtreal Children's Hospital. NICU (1974-1975) N = 169 

'IRUGCb) NUMBER OF PATIENfS (%) 
'. .. 

Kanamycin 74 (4ï.q%) 

Penicillin 72 (42.6%) . 
Calcium G1uconate 50 (29.6%) 

Gentainicin 45 (26.6%) 

A\npici 11 in 43 (2~.4%) 

Sodium Bicarhonate 3] (18.3%) 
c Infanto1 (R) (Muiti vi tam:lns) 31 (18.3%) ' . • 

~, Fer In Sol(R) (Iron) 
~ 17 (10.1%) 

Cliloramphenico1 15 ( 8.9%) . 7 Furosemide t 14 ( 8.3%) 

C10xacill in i 11 ( 6.5%) 
, ~ 

Phenobarbital 10 ( 5 .. 9%) 

Mycostatin • 10 ( ,S.9%) .. 
Medium chain triglycerides ? 7 ( 4.1%) • 
ValiiJ!l (R) (Diazepam) 's ( ).0%) 

" 
Cyc1opento1ate S ( 3.0%) 

NeOsynephrine(R) (phenylephrine) [ 5 ( 3.0%) 

Vitamin C ' 
1
5 3.0%) 

" Hexaçhlorophene 4 ( 2.4%) • .' 

-"- . 
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• ffiUG(b) NtM3ER OF PATIJrrS (%) , 
~ 

Adrenaline 4 ( 2. ~%) .. 
• t.t>rphine 4 ( 2.4%) 

Digoxin 4 ( 2.4%) 

Neosporin - 3 ( l', 7%) 
\ ~ 

Carbenicil1in 
. 1 3 ( 1. 7%) 

Methidll'in 3 ( 1. 7%) 

Hydroch1orthiazide 3 ( 1. 7%) 

Isupr~l '.:3 ( 1. 7%) 

Glucose 3 ( 1. 7%) 

PoI).bactrin CR) 2 ( 1. 2%) 

Silver Nitrate 2 ( 1. 2%) 

Atropine 2 ( 1. 2%) 
1 ...... 

Caffeine 2 ( 1. 2%) 

Vitamine B-12 2 ( 1. 2%) 

Magnesium Sulfate 2 ( 1. 21) 

Sodim Sularnyd (R) Z ( 1. 2%) 

\ Dic10xacillin 1 ( 0.6%) 

Al coho l 1 ( 0.6%) 

Herpes D(R~ l ( 0.6%) 
" 

Mer Cl.Ù)ydri? l ( 0.6%) 

Aldactone ' , 1 1 ( 0.6%) 

Diphenylhydan·toin l C. 0.6%) 

'" . Propranalol 1 CO.6%) 

Acetominoph~n l ( 0.6%) .. . 
Meperidine 1 ( 0.6%) 

r Dexamethazone 1 ( 0.6%) 

Insulin • 1 ( 0.6%) 

Solu'-Cortef CR) \ l' ( 0.6%) 

Hydralaz:ipe 1 ( 0.6~) 

Diazoxide 1 C 0.·6~) 

, , G_-Globtùin 1 ( 0.6%) 

POl~ Vi FlorC~) 1 ( O.{)%) 
1 

e p 

~ 

',l' 
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Table II oontinued 

œm(h) . '. 

Vipherol (R) 
f. 

Potassitm Chloride • 
Atarax(R) . 'f' 
Albunin 
Cotazyme CR) 

Glyce~e suppositories 
Hypaqu~(R) 

No Drogs 

- B -

.. 

• 0 

, 
. 

NUMBER OF PATIENT15 (%) 

1 ( 0.6%) 

1 ( 0.6%) 

l ( 0.6%) 
0 

1 ( 0-.6%) 

1 ( 0.6%) 

1 ( 0.6%) 

'1. ( 0.6%) 

l' 
41 (24.3%) 

(a) 'Aranda, J.V., Cohen, 5., and Neims, A. H. Epidemiology 
of drug u~ilization in the newborn period (Ongoing project). 

• 

(h) "Excluding prophylactic agents as Vi tamin K, and ophthalmic 
'antimicrobial agents and intravenous fluids and alimentation. . 

(R), Brand (Manufactur~r's) name. 

'\ 

, , 

----~ ---

, . 
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TABLE III 1RE M\WRATlOO OF mE VARIOUS ~S OF nIE HEPATIC 

,MICROSCM4.L MIXED FUN::TION OXIDASE* 

Çbmponent species 

OOlPH oxidase Rat (SD) b 

Rat 
Rat 

Sex 

F 

M&F 

NADPH cyto
chrane c 
reductase 

Rabbit M & F 

îtat (ŒLE)b M 

F 

Pig M + F 

NADffi neotet - Rat 
razo1iun 
reductase 

Cytochrome bS Rabbit 

Pig 

Rat 

M&F 
M & F 

Cytochrane 
P-450 

Rat (SD)b M 

Pig M & F, 

Rat (W)b M & pd 
Rat (CRLE)b M & F 
Rabbit 

Rat 
Rat 

M&F 

M&F 

NADPH cyto-
chrame'P-450 Rat (CRLE)b 
reductase 

M 

F 

Rabbit 

Pig, 

M & F 

M&F 

* see Footnotes for Tàble rV~~ 

) 

Time when adult 
or >80\ adult a 
activity reached 

30 days 

18-20 days 

1 day 

2 weeks 

5 -weks 

Sreks 

2 weeks 

1 day 

30 days 

3 weeles 

8 days 

1 week 

4 weeles 

.3 weeles 

3 weeles 

30 days 

8 days 

3 weeles 

5 weeles 

4 weeks 

2 weeks 

2 weeks 

Reference 

Kato ~ al., 1964 

1 Uehleke!:! al., 19n 

Dallner !! al.. 1966 

Foots and Devereux. 1972 
( 
( ~eod !!, al., 1972 

Short and Stith, 1973 

Dallner et al., 1966 , --

Fouts and Devereux, 1972 

Short and Stith' 1973 

Dallner ~ al., 1966 

Gram et al., 1969 

Short and Davis J 1970; 
1973 

Basu ~ al .• 1971 

Macleod et al., 1972 

Fouts and Devereùx, 1972 

Da,1.lner ~ al. J 1966 

Ueh1eke ~ al:, 19n 

(~ . 
~ et al., 1972 
( --
Fouts and Devereux, 1912 

Short and Sti th. 1973 
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TABLE IV THE DEVEWIMNf TO ADULT ACTIVITI (>80%) OF VARIOUS 

SUBS~ OXlDATIONS 
l' 

Time when adu1 t· 
Substrate' or >80% adul t 
oxidized SEecies Sex activit~ reached 'Reference 

Aminopyrine Rat (W)b M 45 days Henderson, 1971 .c, 

F {21 days Henderson, 1971 

Rat (SD)b M 32 days Soyka, 1969 
l, 

F 12 days ,Soyka, 1969 

Rat (CRLE)b ~M & F ", 4 weeks MacLeod et al. , 1972 ------Rat M & F 30 days K Klinger et al.) 1968 

.. Short~avis, 1970 L-Amphetamine Pig M & F <4 weeks 

.. , (Œl.E\)b 
, 

An 11 me Rat M & F 5 weeks 'Macleod et al., 1972 
(SD)b 

-,-
Rat M 4 weeks Gram et al., 1969 

Benzphetamine Rabbit M & F 30 days Fouts and Devereux, 1972 
, . 

" Benzpyrene Rabbit M & F 30 days .. Fouts and Devereux) 1972 . . 

Biphenyl-2 Rat (W)b M & Fd 21 days Basu et al.) 1971 
---' -

Biphenyl-4 Rat (W)b M & Fd 21 days Basu et al., 1971 
--'- -

Carisoprado1 Rat (SD)b F 20 c;Iays , Kato et al., 1964 
r 

4-Chloroani1ine Rat (W) M & F 2-3 days ' , 
Ueh1eke et ~., 1971 

18-20 days 
\ 

Chlorpromazine Rabbit 3 weeks Fouts and Aà?mson, 1959 1 

Ethylmorphine Rat (SD)b M Z ~eèks t Çram et al., 1969 
'-,-

Pig M & F 3 weeks Short 'and, Stith., 1973 

e " 

fi 

, " 
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.: 16 1 • Table IV continued /J Time, when adult 
SUbstrate or >80% adult . oxidized sEecies ~ .activitr reached Reference 

Hexobarbital Rat (SD)P F 20 days' Kato et al., 1964 .. 
Guinea p~g F >57 daYs Jondorf et al., 0.1959 

-- « 

Je 
Pig , M & F 6 weeks Short and Davis" 19'70 

Meprobarnate Rat (SD)b F 20 daYs- Kato et al., 19~4 .. 
iÎ 

Mmanethyl-4- Guinea pig F >57 days Jondorf et al. , 1959 
~noantipy: 
nne 

3 daysC 
, 

r.~thyl-4-mono- Rat M & F Bresnick and Stevenson, 
methylamino- 1968 
azobenzene 0 

\ N-methy1- Rat. (W) M & F 2-3 dayse Uehleke et al. , 1971 aniline 18-20 ~ys ' --
N-methyl p- Mluse M & F 20 days PCIIlp et al., 1969 .. nitriline 

"-

~rphine Rat M& F . 30 days Klinger et al., 1968 

p-~itroartisole Pig M & F 4 weeks Short and Davis, 1970 
,rr-buse M & F 20 days Pomp et, al. , 1968 , 

p;Nitrdb~nzoate Rat (W) M & Fd :H days Basu et. al. , 1971 

Pentobarbi tal Rat' (SD) F .. 20 days ' , 1964 . Kato et al., , ' 

\ , 
(SO)' ': 20 days 1964 Stryclmine Rat F Kato, e~ al. J 

• < 
, 

Zoxazo1amine Pig .. M & F' 4 weeks Short and Davis; 197à 

l ' , 

) 
• 
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Table IV continued 

a - Adult activity is the leve1 obtained at 60-120 daxs in rats. 

b - Abbreviations: 
• sn - Sprague Dawley 

W - Wistar 
, 

• CRLE - Charles River Long Eyan~ 

M - Male 

F t;! Female 

c - Ccimpared to an adult female. 

d - Mixed M and F lD'ltil 21 days, then M' were used. 
\ 

e - Two peaks were n~ted. First peak reached near adult level; 

second peak higher than adult level. 

1 

(' 

.. 

... 

"43 

cr 
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ABSTRACf 

"" Many drugs require oxidhtive metabolism for tènnination of 
1 t " • 

,action and/or for elimination from the body. Many oxi~tive~reactions 

are catalyzed by hepatic microsomal enzymes. The activities of various 

drug:-metabolizing enzymes, namely, 'NADffi cytochrome c reductase, NADPH 

oxidase, aminapyrine-N-demethylase and anîline p-hydroxylase and the 

content of cytochrorne P-4S0, were rreasured in hepatic microsomes obtained 

from seven newbom infants and four adul t patients. The resul ts in the 

n~wborn infant show.increasing activities of the se .enzymes (except 

aminopyrine-N-demethylase) related to advancing age. Good correlation 
r 
between three components of the hepatic microsomal mixed functièn /,o~idase 

system and aniline p-hydroxylase was established, whereas only NAD~I 

oxidation correlated with aminopyrine N-demethylation. The rate of 

substrate or drug oxidation and the activities of the components of the 

microsomal electron transport pathway were lower than comparable values 

in th~ adul t. The data demonstrate ~ possible biochemical hasis for the 

transient deficiency in dTIlg metabolism seen in newborn infants. 

INTRODœT10N 

The hunan fetus and newbom infant are continuously at risk of 

exposurc to drugs and envi~onmental pollutants. EpiclemiolngÏcal studies 

have demonstrated that approximately 90% of pregnant mothers have consumed 

l' 

\ 
\ 

\ 

\, 
\ 
\ 
i 

\ 
\ 

\ 
\ 
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an average of 3 to 10 drugs (For far and Nelson, 197'S; Hi11,197"; PeGkham 

an~ King, 1963). ,The aggressive diagnostic and therapeutic approaches 

adopted'by neonatal intensive care units have also para11eled the increased 
1 

use of orugs in the newborn infant. Thus i t is obvious1y important to ' 
- , ) 

determ~ne the ftn:1ctional state of the :various . factors involved in the pharma-

cokinetic disposition of drugs, specifica11y, the hepatic rnicrosomal drug , 

,rnetabolizing ènzymcs during the neonatéH period. 

Biochernical an'cl morphological studies in experirnental ahirna1s have , 

conc1usively snown that the fetal and newborn animaIs have a deficient , , 
, ' 

capabi+it'y to rnetabolize drugs (Fouts and Adarnson, 1959; MàcLeod 

et al., 1972). Sirnilar1v, the 1ack of Slgnificant rnetabolisrn of drugs 

" "" " such as diazepam in the hlDT\aJl fetus '{Idanpaan-Heikkila et al., 1971) and .. --

the higher bloo~ level ~d pro1onged serum half lifp. of diazepam in 
P. 
~ .. 

premature infants relative to ol~er children(Morse111 et al., 197)) suggested 

the possibi1ity of cleficient drug oxidative ftmction ln the neonatal period. 

'PossibLe slIDcellular and ,biochernical basis for t!1is rleficient drug oxidative 
o 

nmction in the hlman abortecl fetuses was shown by lower activity of the 

hepatic rn'icrosOOla] mixcd ftmction 'oxidase systefu (Hr.f.1FO, Figure 1) relative 

to adtùt liver rnicrosanes (Yaffe et al., 197f); PelkoJen et- al., 197')a). The 
, -- ---

data- availab1e in the literature l"ave been lirniterl to studies on hunan , 
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aborted fetuses wi th maximtnn fetal age of. 25 weeks (Yaffe et al., 1970; '""" 

Pelkonen et al., 1973a; Pelkonen,-1973bj Rane and Ackemann, 1972). As 

yet, there are no quantitative determinations of the activity of the 
/ 

hepatic m;icrosorna1 mixed fmction systen in the later part of gestation 

and in the neonatal period, and the present study sou!!ht to answer three 

questions. 

First, what is the activity of the hepatic drug oxidizing enzymes 

and tire electron transport compo~ents in the hepatic microsomes of pre-

mature and full term newhom infants? Such information accrued from this 
1 

study ~y provide quantitative estimates of the functional deflciency in th~ 

premature and full term newborn infants. 

Second t does the activity of the hepatic microsomal drug metabolizing 

enzymes increase wi th age during the 1ater part of gestation and in the 

neonata1 period. This problem is a corollary ta the major question in 

human drug metabolism which seets to detennine the time when the deficient 

neonata1 drug oxidative function attains adult level of activity. 

Third, which e1ectron transport component(s) is/are substrate 

oxidation closely related to? Correlation of the rate of substrate oxidation 

/0 the electron transport component has been utilized in exrerirnental animaIs 

to identify the rate limiting step in microsomal drug oxidation (Gigon et al. ~ 

1968). Possibili ty of identifymg the rate 1imiting step was also atternpted 

in the human 1iver microsomes from premature and full tenn newhorn. infants. 

Identification of the rate 1ÙJlitmg step in drug metabolism and quantitative 
.... ' 

determinations of the rates of drug metabolism during the neonatal period . 
~ 

might lead to the develppment of therapeutic regimens which cou1d circtunvent 



- 27 -

MS.I / 

a fawly Iretabolic st~p or would at least penni t the clinician to pronrulgate 

rational principles for neonatal drug therapy. 

II. MATFRIALS AND MEnIOnS 

a. Patients and Specimens 
\. 

Fresh liver tissues obtained either at postmortem or during surgical 
i 

procedures were taken from four premature and three full tenn newborn infants 

and f~om four adults for comparison. AlI neWborn infants, except one (LaB -. 
Table I-l) were from the Montreal Children's Hospital and the adult patients 

(transplant donors) were frorr. the Royal Victoria Hospital. Clinical data on 

these patients are shown in Tables 1-1 and 1-2. The infants' gestational 

ages ranged 'from 28 to 41 weeks. The postnatal ap-es ranged from 9 hours> to 

5 weeks and the birth weights ranged frorn 725 to 3569 grams. Four of the 

, infants were males and three werc fernales. The adul t patIents' ages vaned 

from 20 to 60 years. Three were males and one was a feoole. 

In the autopsy cases, the time lag hetween patient death and excision 

o~ hepatic tIssue sample varied from 15 minutes.to 2 hours. Upon excision, 

the liver specimen was placed on ice for transport to the laboratory and 

then it was homogenize.Q in...-ice-cold 0.1 M phospHate buffer, pli 7.4 using 

4 volumes of buffer per tulit weight for 30 ~econds in a high speed Sorvall 

Onmimixer. An subsequent procedures were carried out between 0 and 40 C. 
, 

The homogenate·was centrifuged at 10,000 x g for 10 minutes in a 

refngerated centnfuge, and the supernatant was decanted and reccntrifuged 

at 100,000 x g for 60 minutes in a Beckman L3-40 refrigerated u1tracentrifuge . 
.. / .... "" ~ 

1he microsomal pellet obtàined was resuspended in cold huffer using a glass 
( 
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homogenizer and a volume of buffer sufficient to Rive a final prote in con-

centration of 20 to ~O mg/ml. 

b. Assays '. 

• 
Protein was detennined by. the b:j.uret rnethod (Kabat and Mayer, 1967). . ' , 

NADPH oxidase was detennined by followi~ the absorbance change of NADPH at 

340 nm using the tœthod described by Gi11ette, Brodie and LaDu, 1(1957) . , 
NADPH cytochrame c reductase activity was determlned by fo11owing the 

, . 
<Y 

absorbance change of cytochrome c at 550 rnn after étddi tion 'of NADIl! as 

described by Phi11ips and Langdon (1962). Cytochrome P-450 c~ncentration 

was de~ennined by the method of Omura and Sato '(1964) with a microsorna1 \, 

sus~ension containing 5 mg of protein per ml. NADPH cytochrome P-450 

redu~tase activity was determined by fo11owinr the ahsorbance change at 
, 

450 nm when carbon monoxide saturated nlcroso~s were reduced hy NAPPE as 

descnbed by Gigon et al. (1968). The reaction was started by the'anaerohic 

• addi tIon of 2 umo1es of NAPPH in 50 u1 of phosphate buffer. The acti vi ty of 

aminopyrine-N-demethylase was determined by measuring ~he production of . 

forma]dehyde from aminopyrine as described, by Cochin and Axe1rod (1959) an~ 

the activity of aniline p-hydroxylase was detennined by measuring the pro-

duction of p-aminophenol as described by Kato and Gi1lette (1965). The 

reaction mixtures,used fcr these assays in our lahoratory havé been publl~~d 
'" f' 

elsewhere (MacLeod et al., 1972). 

Regression analysis by the method of least square,s (Campbell, 1969) 

was used for correlation. The significance of the correlation \'Jas, tested 

Qsing the distribution of t (Ferguson, 197]) and si~ificance was açc~rted 
l " 

at p < 0.05. Because of the variability of the gestational age and postnatal 
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age between newborn infants,' postconceptional age w.as obtained by taking 

the stun of both ages for use in the correlation. Due to th~ heterogenei ty 

of patien-t,s and to the,.presence of apparent changes in the qctivity of .. , 

enzymes ,sttrlied as a' fimction of age, range of. values rather than Iœan 

values we!e used in this study. 

, ' 

1 1 II. RESULTS 

. . Î 
Table l stm1lllélrizes the clinical data on 'the newhom infants studied. 

infant~ had ,r~spiratory distres5 syndrome, two infants had apnea, two 
1 

had hyPe~lli~benemia, 'one had puntlent meningitis, one had asphyxIa neo-

natorum with convulsions-and subarâchnoid hemorrhage, and one had billary 

atresia. The sample from the paÙent W1 th biliary atresia ~ M) was a. biopsy 

specimen obtained during an exploratory laparotomy. All infants received 

_antibiotics, two r8ceived phenobarbital and diazepam, one recelved diphenyl

. hydantoin, and orre received, aminophylline. Table 2 shows the clinical data 

,on the adul t patients. 
. 

All were transplant donors w:i th Irreversible brain 

damage. Iwo had traumatic liver rupture in addition to the irreversible 

brain clamage. 

The yield of microsomal protein and the' acti vi ty of the components .

• of the hepatic microsomal electron transport in newborn infants and adults 

are shown in Table 3 a, b. In the newborn infants, the microsomal protein 

yield ranged from 18.8 to 2S.S'mg/g liver. The NADPP oxidase activity ranged 
-1 . -1 . , 

from 0.97 to 5.6 nmoles x min ,x mg protein. NADPlI cytochrorne c reductasc 
, " -1 

activity in the newborn infants varied between 9.65 to 87.10'nmoles x min 

-1 . 
x mg proteln; in comparison, the four adu1 ts had values, ranging from ' , 

-

, ". 
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45.40 to ,207.60 nmoles r. min -1 x mg -1 p~otein.· The cytochrOOle P: 450 
~ , 

content in the newborns ranged from 0 to 0.095 rnooles x mg -1 p~~tem 
-1 

whereas in the adu1ts these values ranged from 0.138 to 0.231 nrnoles x mg 

protein. The activity of NADPH cytochrame P-450 reductase was not detectable 
" ,," 

in three newborns, Wlereas in two adul ts the acti vi ty was 2.6 and 2. 7 

1 
. -1 -1 .. 

nmo es x nun x mg proteln. 
, 

, The specifie activities of 'aminopyrine N-demethylase and aniline , 
, 1 

p-hydroxylase are shawn in Table 4 for infants and adul ts-. Aminopyrine ,. 

N-demethy1ase acti vi ty ranged from 0.035 to 1. 880 and 0.980 to 3.760 rnnoles 

. -1 -1 . 
x m1n x mg prote~n for newborn infants and adults, respecti vely . Miline 

p-hydroxylase activity ranged frorn 0 to 0.330 and 0.070 to 0.950 mnoies x 

. -1 -'1 ' 
ID1n x mg protein in newborn infants and adul ts, respective Iy. 

To detenmine whether the activity of the r~O function~lly dev&lôps 

during the age period stugied, the components of the electron transport 

chain and the representative substrate oxidation were correlated wi th post-

conceptional age (gestational + postnatal age). Figures 2, 3 and 4 show a 
J l, 

positive correlation between postconceptional age and NADPH oxidase actlvity 

Cr = 0.853)., NADPI-I cytochrome c reductase activity Cr = 0.839) and cytochrOOle 

P-450 content Cr = 0.871), respectively. When postconceptional age was - " ) .... 

correlated with the activity of aniline p-hydroxylase and aminopyrine N

dernethylase, a positive correlation was fotmd wi th aniline p-hydroxy~asc . , 

-acthnty Cr' = 0.945) and a poor correlation was fotm'd bctween postconceptional 

age and aITÙnopyrine N-dernethylase'(r = 0.655), as shown in Figure 5. 

In an att~t to gain insight into the possible rate lirnitlng step 

in the ~o oxidative reactions,studied, the activities of aminopyrine N-
, 

demethylase and aniline p-hydroxylase were correlated with the activity of 

/ 
1 

1 ~ 

• 

- 1 

. , 
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• NADilI oxidase and NADPH cytochrorne c reductase, and the arnOtmt· of cytochroJre 

P-450 (Figure 6 a,~. b, c). A positive correlation between aminopyrine N-

dernethylase activity and NADPH oxidase activity Cr = 0.878) was optained. 

No correlation was fourid between aminopyrine N-dernethylase and NADPII cyto-
\ ' . 

chrome c reductase. activity Cr = 0.631) and cytochrome P-4S0 content (~~ 
'" 

0.592). the positive correlation between aminopyrine N-de~thylase activity 
, 

and NADPH oxidase aC,tivity was noteworthy since there.was a correlation 
IJ 

between postconceptiona1 age and the fonner but not wi th the latter. Furthcr 
<'l> 

studies with a greater number of subjects would be needed to evaluate this 

relationship. 

A good corr~lation was found between aniline p-hydroxylase activity 
-1 

and NADffi oxidase -activity (r = 0.963), NADPH cytochroJre c reductase (r = 

0.792) and cytochrorne P-4S0 (r = 0.84&) as shown in Figure 7. 
1 

IV. DISOJSSION 

The hepatic microsorna1 mixed function oxidase system catalyzes the 

bilQtransformati~ of honnones [e.g., st~roids (Conney and Kmt 4man, 1971)], 

bile acids (Conney and: Kuntzman, 1971; Voight et ~., 1968), exogenous and 

endogenous substrates such as fatty acids (Lu and Coon, 1968), drugs and , ,. 
, 

environmental po11utants. The newbom -infant has a decreased capabih ty 

to metabo1izé Hcertàln drugs (Done, 1964; Nyhan, 1961; Ràne and SjOqvist, 

1972) and the data presented in this study demonstrate a subce1lu1ar bio-
1 . 

chemical basis for this functional deficit. F~cept for the demo~strati~ 

by Soyka (1970) of the presence of NADPH cytochrorne c reductase actiVlty and 
• . , ' 

of cytochrorne bS in hepatic rnicrosomes obtained from a full-term and a pre-
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" 
mature infant (33 week gestation) respectively, to our knowlèdgc this 

stu~y representi. the first detenninat~ of the various ccmpone'nts of the 

hepatic microsornal mixed function oxidase $ystem in the neonatal period . . 
Cyrochrœœ I?-"450, the terminal herrooxygenase in micros omal drug" 

oxidation is present in variable quantity in the liver microsomes fram 

newborn infants, an observation in accord with Yaffe's data from aborted 

fetus~s of 14 to 25 week gestatio~ (1970j. This hemoprotein increases 

wi th age a:nd at tenn it appears to app~ach approximately half of the 

adult values presented in this pqper (see Table 3) and of that measured 

o by Alvarez et al. (1969) ,and Nelson et al. (1971) (Figure 8). However, 

this proportionality decreased to one-tenth of adult cytochrome P-45Q 

content if campared6with the data by Davies et al. (1973) (Figure 8). 

NADPH cytochrome c reductase activi ty appears to approach half of adult 
t4 . 0 

activity (see Table 3) in the three newborn babies whose postconceptional 

ages were more than 40 weeks. These values are equal to or 'Quch higher 

than the adult cyt~chrome c reductase activity reported by Nelson et al. 

(1971) (Figure 9). Ibw~ver, when compared to the adult activity determined 

by Davies et al. (1971) (Figu~e 9), the infant tO,adult activity is appro-

ximately one-third. 
. . 

The rate of microsomal NAnPH oxidation as expressed by NADPl-l oxidase 

activi ty has' not been measured in htJllan -li ver microsomes. Lik-e cytochrome , 

P-4S0 and NADPH cytochrome c reductase, the activity increases with advancing , , 

fetal and postnatal age. In the fuI! tenn 5-week-old infant (baby L.M.), 

the activity was 5',6 rnnoles ~PH ox~dized per minute per mg protein, which 

.approximates 70% of the activity in adult r.ats (Aranda et al., 1973). 
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The tremendous variability of aminopyrine N-demethylase activity 
1 

is also in acconl with Yaffe's observations (Yaffe et al.;-, 1970) in fetal 

livers. The_lack of correlation between aminopyrine N-demethylase activity 
, 

and age is further presented in this paper. In contrast, ,aniline p-hydroxy-
b 

, lase activity is linearly related to age in the newborn infants studied. 
Q 

Nonetheless, the activity of enzymes in both substrate oxidations in the 

three term babies is approximately one half of adult. 

Neither NADPH cytochrome c reductase nor the amount of cytochrome 

P-4S0 seerns to be rate limiting in aminopyrine N-demethylase since no cor-

L"relation between these electron transport components and N-demethylation of 

aminopyrine was found. Similar lack of correlation betweep the hernoprotein 

and substrate oxidation has been noted in adult patients (Nelson et ~.; 1971). 

In experirnental animaIs, there is an increaslng e~dence that the rate lirnrrting 
, \ 

step in microsornal drug oxidation is the reduction of cytochtome P-4S0 

(Gigon et al., 1968; Gillett~d Gram, 1969). Hawever, the data ln this 

study do not substantiate ~hls concept since substrate oxidation in the new-
, 

borns proceeded despi te relative lack of measurable NADPIT cytochrane P-450 

reductase. Bath aminopyrine N-demethylation and aniline n-hydroxylation were 

significantly related to NAD~I oxidase activity indicatinp that perhaps the . 
/ 

ve loci ty of mi cros ornaI NADPH oxidation may he an acceptab le indicator of the 

overall rate of microsornal'orug oxidation. Indeed, Strinp et al. (1972h and 
- -- l' 

Sasame et al. (1973) have shown a stoichiometric relationship hetween dru~ 
1 

oxidation and NADPH oxidation in hepatic microsoJres. They found that the 

stoichiometry approaches a 1:1 .relationship for a variety of type l substrates 

when the rnetabolisro of the substrate-dependent NADPI! oxidation js corrected 

1 

.. 
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for carbon monoxide sensitive endogenous NADPH oxidation. Further evaluation 
-

of this method in hwnan microsomes would be needed to define i ts applicabili ty 

as an indicator of the rate of drug oxidation. In contrast to aminopyrine 

N-demethylation, aniline p-hydro'xylation correlated significantIy with NADPH 

cytochrome c reductase activity and cytochrome P-4S0 content suggesting that 

the newborn ~~o is relatively more capable of metabo1izing ani1ine-like 

cornpotIDds. The difference between these two substrate oxidations during the 

fetal and neonatal period is puzzling. Aminopyrine which gi ves a typical 

type 1 bindihg spectnun wi th cytoc~rorne\-4S0 in adult human 'liver (Pelkonen, 

I973c) and in experimental animaIs (Schenkman et al., 1967) produces a type II 

binding spectrum in the human feta1 1iver microsomes (Yaffe et al., 1970). 

Animal ~tudies have revea1ed that type 1 campounds are better substrates for 

adult rat. liver microsames because they drive 'their own metabo1ism and they 

stimulate NADPH cytochrorne P-4S0 reductasc activity (Gigon et al., 1968; 

Gillette and Gram, 1969). However, fmdamental mechanisrns lIDder1ying these 

differences and the si~tificance of these bindin~ spectra in the hepatic 

microsornes during the newborn period are poorly understood. The presence of 

substantial w-oxidation of 1aurate and hydroxylation.bf testosterone, both 

endogenous compotIDds giving type l binding spectra (Yaffe et ~., 1970), 

Iends support to the existence of an intimate re1ationship between substrate 

bindin~ and metabolism. This observation and the reversaI of aminopyrin~, 

.---/ binding spectnmi to a typ~ II pattern led to the hypothesis (Yaffe et al., 

1970; Rane and Sjoqvist, 1972) that there ar~ endogenous substrates with high 

affini ty (low apparent ~ values) fo~ the binding si te of the tennina1 hemo

oxygenase and which can cornpete more effectively with exog~nous sUbstrates . 
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The intriguing possibility of a qualitatively dif~erent cytochro~ P-450 

between newborns and adults or differences between species cannot be excltrled. 

The apparent subce1lu1ar distribution of the various components of 

the HMMFO is different in the fetal livers as opposed to adults because of 

differences in sedimentation properties of subcellular organelles (Ackerm~' 
et al., 1972; Rane and Ackennann, 1972;- Chatterj ee et al., 1965). Electron 

microscopie studies revealed that the ~ough endopla~ic reticulum with sparse 

smooth endorlasmic reticultun sedimented at lawer speeds of centrifugation. 

The srnooth endoplasmic reticulum contains the drUg met~bolizing enzymes 

(Hoi tzman et al., 1968; Claude, 1969L and i ts scarci ty in the fetal period' 

provides a morphologica1 pxplanation for a functional deficit. The time at 

which the fetal hepatic subcèllular localization of the drug metabolizing 

enzyme approaches adult patterns is not established. Since the measurements 

of the drug metabolizing enzymes were done on the microsomal fraction and since 

the srnooth endoplasmic reticu1um may have not sedimented optima1ly in the 

microsama1 fraction, it is possible that the levels of the enzyme activity 

presented in this paper ~ay be lower than the actual value. Further studies 

are needed to answer this prob1em. 

The great discrepancy ano variabi1ity of the 1eyels of the various 

components of the ~MMFO and of aminopyrine N-demethylation and aniline p-

hydroxylation in the literature and in this study may represent different 
, 

interindividual genetic expression (LaDu, 1971; Vessell and Page, 1969), 

" variations in tissue sarnpling and assay techniques, presence of pathophysiologic 

states, or drug therapy used prior to sampling. The nature of the pre-existent 

disease states and drug therapy are probably the rnost important factors . 
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Darby et al. (1970), who found very lCM 1evels of cytochrome P-450 and 

microsoma1 drug oxidation in adul t patients who succtunbed to cardiovascular 

failure (e.g., rnyocardial infarction), suggested that anoxia/was 1argely 

responsi ble for this 1served decrease in drug metabolisrn. .In supI\ort of 

this hypothêsis is CUII1TIing' s observation that the rate of metabolism of ' 

antipyrine was significantly decreased in patients who had severe chronic 

pulm::mary disease wi th res'lÙ tant hypoxernia (Curnming, 1972). Hepatic rnicro-
-'-

somal drug oxidation is an energy- and oxygen-dependent process (Gil1ette 

et al., 1957~; Mannering, 1971) and a linear relationship between arterial 

oxygen tension and rate of drug oxidation has been Sh0Wl1 (Cumminr and 

Mannering, 1970). Respiratory distress syndrome, where significant venti1atronj 

perfusion abnormality is a major pathophysiologic derrangernent (Strang and 

~~cLeish, 1961; Strang, 1966), is characterized by hypoxemla which could alter 
~ . 

the determination of the true value of the microsornal enzyme activity in-the 

babies studied. Hyperbilirubinemia (1-1cLuen and Fouts, 1961), starvatlOry 

(Kato and GiIlette, 1965), and high glUC~se loads (Lamson et~., 1951; , 

Strother et al., 1971) could aiso decrease drug metabo1ism and lt is possible 

•. that the values 'in this study may not represe,nt the acti vi ty of n'1MFO in 
. 

nonnal infants of sirnilar age. However, the data provide some information on 

the activities of the various components of the system ln the s~~ newborns 

wpo are mest apt to receive drug therapy, and for whom such inf0rmation would 

be rost applicable. \ 

Biochernical and mqrphologic studies have conc~ively shown that the 
; 

rnicrosomal drug metabolizing enzymes are exquisitely susceptiple to the 

influence of drugs and environmenta1 pollutants (e.g., insecticides, air 

1 

/ , 
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pollutants). Adult patients who received phenobarpital, glutethimide, 

diphenylhydantoin, rifampicin and other drugs showed remarkable induction 

of cytochrome P-450, NADm: cytochrpme c reductase, aminopyrine N-dernethylase 

and p-nitroanisole N-demethylase activity (Rennner et al .. , 1973; Black et al., 

1973). Similarly, pheIfobarbital therapy in infants and children resulted in . . . 

100 to 150 percent increase in the acti vi ty pf NADPH cytochrome c reductase 

from hepatic homogenates parallelled wi th proliferation of the endop1asmic 

reticu1un in two infants wi th nonna1 hepatic parenchym (Thaler et al., 1972) .. 
--.- -

However, this inductive effect could be antagonized by the presence of li ver 

dfsease (lhaler et al., 1972). One of a set of twins in this study (GR 2)who 
, ~ 

recei~ed aminophylline because of apnea, had a 7-fold greater activity of 

aminopyrine N-demethylase cornpared to the other twin (GR 1). To our knowledge, 

there is no available data concerning the effect of aminophylline on hepatic 

microsornal drug Jœtabolisrn. If genetic expression of the drug metabolizing 

enzyme is equal (Vessell et al., 1971; LaDu, 1971; Vesse11 and Page, 1971; 

Alexarnderson et al., 1969), the differences in enzyme acti vi ty rnay be contin

gent on environmental or drug effects. 

The two in,fants who received phenobarbital and diphenylhydantoin' 

(Table 1) represent two of the threé highest values of microsomal enzyme 

activities among the infants studied (Tables III and IV). However, these 

two infants have a more advancep postconceptional age relative to the other 

subjects and the present study does not allow the delineation between age

related effect and drug-effect on the rnUcrosomal enzymes. 

The clata in this study demonstrate for the first tinte that the 

activity of the hepatic microsomal drug oxidative enzyrnes and the electron 
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transport component~ are present in significant ammmt in the' premature and '--
l 

fù11-term newborn infant. The data also demonstrate that hepatic ~cros~l 

enzyme titres determined in this,age group are lower compared to the adu1t' 

enzyme titres. This study a1so provides the îirst evidence t~at there is 

a progressive increase in the acti vi ty of the hepatic microsomal drug meta

bo1izing enzymes during the last trimes ter of gestation and in the neonata1 

period. This study further demonstrates that aniline p-hydroxylati~n is, 
'. 

better correlated to the activity of the microsomal electron transport compo

nents as against aminopyrine N-demethylation. 

hasizes the need for caution iri'" the use of drugs 

requiring biotr Ce.g., phenobarbital, diazepam, diphenylhydantoin). 

in the neonatal period. It further suggests that the capabihty to metab.olize 

drugs significant1y changes during the neonatal'period. This imp1ies a nced 

for constant eva1uation of the neWhorn infants' pharmacodynamie responses in 

order to achieve the desired therapeutic response. This study further su~gests 

that sorne drugs administered to the newborn infant may be better metaho1 ized' , 

as against other drugs. These observations warrant further studies on the 

rates of metabolism of indiviqua1 drugs during the newborn period. , 

The data in this study provide a continuum in the ontogenesis o~) 

this system, and supplement the observations on the activity of the hepatic 

microsomal mixed function oxidase in early fetal 1ife (Yaffe ~t a~., 1970; 

Pe1konen and Karki, 1971; Ackermann et al., 1972; Ranc an0 Ackermann, 1972; 

Pe1konen et aL, 1971; Juch au., 1971; Pomp et aL, 1969; Pe1konen, 1973; 

Pe1konen et al., 1973; Rane and Gustafsson, 1973; Rane, 1~74). , 

: , 

l, 
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FIGURE 1: The hepatic microsamal electron transport pathway 
.. 

(Scheme modified fram Holt~an et al., 1968 and Estabrook, 1971). 

The drug '9inds to oxidâzed cytochrane P-450 (the terminal 

hemoprotein oxygenase) fonning a drug - oxidized cytochrom~ P-4S0 

complex. This comp1ex is then reduced bJ electron flux with 
, ~ 

NADPH as the source of reducing equiva1ents, thus forming a 
\ 

drug - reduced cytochrOOle P-450 canplex. Activatien of molecu1ar 

oxygen then OCClUS and oneatom fonns an oxidized drug and the 

other undergoes two equiva1ent reductions for the formation 

of water. 

• 

• 
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FIGURE 2: • Correlation between NADPH-oxidase activity and 

. post-conceptionâl age. Postconceptional age is define~ 
Cl . .-' 

, " 

as the sun of gestational age and postnatal age. 

SEE~ = Standard Error of Estûnate . 
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. FIGURE 3: Correlation between NADPH cytochrane c reductase 

,and post-conceptional age. Post-conoe~ional age is defined 
.~ 

as the sun. of gestational .age and PQstnatal age. , 
, , 

SEEit = Standard Error of Estimate. 
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FIGURE 5: Correlation between two substrate oxidations (aminopyrine 
.~ 

N-demethylation and aniline p-hydroxylation) and post-conceptional 

age. Post-conceptional age is defined as the sum of gestational 

age and postnatal age. 
~ SEE* = Standard Error of Estimate. 
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FIGURE 6: Correlation be~en aminopyrine N-demèthylation (absci~sa) 

and NADPH oxi~e activity, N/tOffi cytochrOOle c reductasea activi ty , 

~d cytochrame P-4S0 content. 

SEE* = Standard Error of Estimate. ! 
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FlGU~ 7: Correlation betweeri aniline p-hydroxylation (absci~sa) 

• e 

and NADPH oxidase acti vi ty, NADPH cytochrane c reductase activi ty 

and cytochrame P-450 content. 

SEE* = Standard Error of Estimate. 
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FIGURE 8: Ccmparison of cytochrome P-4-50 content as de'09nnined in 
.. 
various labora~ories. 

Note the discontinuity in 'the time scale (abs~issa) and 

in the content of cytochrome P-450 (oroinate). AIso note the lack 
1 

of data during the fir~t decade of l;fe. 
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~IGURE 9:, Ccmparison of the G activity of NADPH cytochrone c reductase t 

/ 

\ 

a flavoprotein electron acceptor, as determined in various laboratories . 
.. 

Note the discontinuity of the time scale (abscissa) and the 

lack of data ddrfug the first decade 0; life. 
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TABLE 1: CLINlCAL DATA ON NEWBORN INFANTS 

Birth ,Gestational 
Weight age Postnatal 

Patients Sex {grams) (weeks2 -.!8.e 

POO Male 936 28 1 clay 

GRl Fema1e 725 28 .3 days 
GR2 Female 760 28 12 days 

LAV2 Male 1320 31 9 hours 

LaB Fema1e 3190 39 8 days 

HUD Male ',3560 41 4 days 

IM Female -3290 40 5 weeks 

~ 

p ;:::::> p . . îl . - en .. enl.el. ID, Kanat_Kanamycin 

Co':) 

1 

- 48 -

Diagnosis 

Re~piratory distress syndrome 

Apnea, hyperg1yeemia 

Apnea, anemia, hyperbiliru
binemia) respiratory~ -failure 

Respiratory distress syndrane'; 
severe pnéumothorax , 
Purulent meningi tis, cerebral 
Waret J mu1 ticystic °kidneys 
Asphyxia, seizures, pneunania, 
subaraclmoid hemorbage 

Biliary atresia, hyperbiliru
binemia (biopsy) 

1. 

'----'"'" 

,f'> • 

Drugs Received 

P + - t en , Kana 
+ t Pen , Kana , 

Intralipids , 
pen+, Kanat 

Pen+ Kanat , 

i. v • aminoacids, " 
aminophylline 

pen+, Kanat, Diazepam, Phengbarbital 

Phenobarbital, Diphenylhydantoin, 
Diazepam., Pen+, Kanat -

Ampicillin, Kana t, Géntamycin, 
"""< Cloxacillin, Vit. K. t Acetaninophen 

" 

o 

~ . '~ 

"'-- ./ 

(, 
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'l'ABLE 2 CLINlCAL DATA ON ADULT PATIENTS (TRANSPlANf OOOORS) 

Patient • Sex" ~e (yearsj Dia@osis 
,-

JB Male 20 Brain death (biop~y) 
.-

GG Male 21 Li ver rupture 

JM Male S9 Liver rupture (biop~y) 
,~ 

MD Femâle • 60 Brain death (biopsy) 

'1 

" • > 

.. 

If 

. . 
J 

• 
\ 



J 

: 1 

• • 

50 -

... MS. l" 

TABLE 3 ,VUVO"Jn.L.I ELECfRON TRANSPCRT CCMPONENTS IN NEWBORN , 

. ~ANfS (A) jADULTS (B) \ 

A. Newborn Infants \ 
" 

, NADPH NADPH cytt 
Postcon-' Microsamal oxidase c redùctase Cytt P-450 NADPH 
ceptional.~rotein yie1d nmoles/min/ nmoles/min/ nmo1es/mg cytt P-4S0 

Patient a$e (wks) Qng/g 1iver) mg prote in mg PEotejn protein reductase 

POO 28 18.8 1.29 
$'> 

GR2 28.4 25.5, 1.32 
GRl 29.7 22.8 0.9r' 
!.AV 31 19.2 1.61 

!.AB 40 .ND** 1. 70 
~ . 

'HUD 41.6 . ND** 3.50 

lM 45 NP** 5.60 

Range 28-45 18.8-25.5 0.97-3.5 

* 
B. Adu1ts 

.., , NADPH cytt c 
reductase 

~ Age (IJIloles/min/ 
Patient (years) mg protein 

JB 20 207.6 
GG, 21(" 150.7 

JM 59 45.40 

'MD 60 " 158.4 

45.4-207.6 

*QNQ Activity~not detectable by method 

/ À*ND = ~t detenniœd 

tcyt = Cytochrame 

l 
1 , 

1 \ 
\ t 
'r , 

Ji 

9.65 0.028 QND*' 

44.16 0.026 ~* 

46.43 0 QND* 

32.00 0.060 QND* , 
51.90 0.061 ND** 

'87.10 0.08-9 ND** 

77.80 0..095 ND** 

9.65-87.10 0-0.095 

[ 

NADPH cyt 
Cytt P-450 P-450 reductase 
nmo1es/mg ruooles/min/ 
protein ms protein 

0.143 2.7 

0.23l 2.6 

',0.179 • ND** ' 

0:138 ND*" 

0.138-0.231 2.6-2.7 J 

co. 

. 

J 

! 



, r 

1 
- 51 -

• MS.l 

~~ 

TABLE 4: I-ŒPATlè MIŒ®1AL SUBSTRATE OXlDATIVE ENZYMES IN NEWBORN 

INFANTS (A) AND ADULTS (B) 

" t1'l. 

Aminopyrine N- Aniline p-hydroxy-
Postconcep- demethylase (nmoles lase (rono1es p-.-.. tional age HCHO for.med/min/ aminopheno1 fonmed/ 

Patienf (weeks) mg protein) min/mg protein .. 
--- POO 28 0.035 0 

~.- GR2 28.4 0.734 , 0.013 

A. Infants GRl 29.7 0.105 0.010 

LAV 31 O.ZOO 0.050 

LAB 40 0.330 0.130 

HUD 41.6 0.480; 0.170 
, 

lM 45 -. 1. 880 0.330 

/~~ Range 28-45 0.035-1. 880 0-0.330 
, \ ~ 

~ .. l , 

li 
\ " ' (yeaTS) 
1 .. 

*I~ 
KB 20 3.76- 0.95 

B. Adu;I.ts GG 21 2.72 0:66 

JM _.~ 1.16 {J.O' 
MD 60 0.98 0.22 , 

!. • ~ :. ~9B-3. 76 Range 20-60 0.07-0.95 
~ 

,f 
'1 

• } 
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ABSTRACT 

The effect of thyroid hormone on the postnatal deve10pment of 

the hepatic microsOrnal mixed function oxidase system was studied. 

A single subcutaneous injection of L-tbyroxin, l ug/g body weight, giveh 

to immature (one week old) male rats, r,esulted in an incTeased 

activity of bepatic microsamal aniline p~hydroxylase, NADPH oxidase 

and NADffi cytochrome c reductase, and in an increqsed amount of 

cytochrome P-450 and microsama1 protein, campared to an age-matched 

non-thyroxin-treated group. Repetitive subcutaneous injections using . .: 

L-thyroxin, l ug/g daily frOJ11 birth to 5 ~eks of age adminlstered to 
, " - , , ' , 

male rats resulted in sigrrificant aéceleration of the developement 

of activity of NADPH oxidase, NADPH cytochrome c reductase and aniline 

p-hydroxylase and in signifÎcant repression of the development of 

cytochrome P-450 an~ of aminopyrine N~demethylation initially. Male 

rats thyroidectomized with 1311 at birth showed effects opposi4e to 

the rats wi th chronic hyperthyroid state, namely, decreased NADPH , 

cytochrame c reductase activity and inGreased cytochrome P-4S0 content 

at 3 and 5 weeks. These effect's were reversed w'ith thyroxin replacement 

therapy. The effect of a transient neonatal hyperthyroid state on t'he 

development of the mixed f~ction.oxidàse was al~ determined. Male 

rats were treated with T4 ' 20 ug/g/da~ (neonatal treatment group) 

for 5 consecutive days starting at birth. The results suggest that 

.. 
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thyroxin evoked the differentiation of aniline p-hydroxylase and 
~ , '" 

,the induction of NADPH cytochrame c reductase. Additional thyroxin 

injections to the ~eonatally treated rat at 3 and 5 weeks of age 
IJ ~ 

resulted in a decreAsed aminopyrine N-demethylation at 3 weeks but 
t, .. 

not at 5 weeks, and a superinduction (i.e. induction of e;z$lme activity \ 

1 surpassing the nonnal adult level) of NADAr cytochrame c reciuctase at 

5 weeks but not at 3 weeks suggesting trat the quantitative and 

qualitative response to thyroxin is mar\edly influenced by age at which 

thyroxin is administered. The data in this study emphasize the 

vulnerability of the developmental profile of the microsomaL drug ___ _ 
/ 

metaholizing enzymes to hormonal changes and demonstrate an influence 

of the thyroid hormone on the ontogenesis of the hepatic microsomal 

mixed funct-ion oxidase system, The data also appear to indicate 

that the effects of thyrQid hormone may be selective to a particular 

electron transport component, selective to a specific oxidative pathway 
~ -J ~ 

C and may be dependent upon durat~on and degree of thyroid dysftmction. 

o . 
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IN1ROru:TION 

An important aspect in the comprehension of the process lD1c,ierlying 

enzymic differentiation and the ontogenesis of the hepatic microsomal mixed 

funct~n, oxidase system is the delineation of the various effects of hormones 

on the activity of the mixed function oxidase. Wilson (1970) has shown that 

growth honnone has a repressive role in the development of ethylmorphine N

demethylation, and aminopyrine N-demethylation. The influence of other growth 

promoting honnones such as L-thyroxin lIas not beên stooled. The possibility .. 

that thyroid hormone could a,ct as a physiologie trigger for the differenti~on 

of thi? enzyme system in rats (Greengard and Dewey, 1968; Greengard, 1969) 
o , 

, , 

is suggested by the simultaneous appearance of hepatic NADPH cytocrrome c 

reductase and gluco5e-6-phos~hatase and a, nm.ctional 'thyroid gland on the:' 18th 
, ' 

fetal clay in rats and the induction of these enzymes by thyroxin. In man, 

a slmilar simultaneous appearance of the hepatic rnicrosomâl mixed function 
) 

oxidase ac.tivity and measurab1e thyroxin and thyrahines seans t~ occur 

during the lOth to l4th week in the human fetus (Pe1konen, 1973; Pelkonen 

et al., 1973b; Greenberg et al., 1970; Shepard, 1967; Fisher et al., 1970). 

The thyroid gland is vital ta the nonna1 deve10pment of or.gaÎl 

systems (Ba1azs et al., 1969) and to the regulation of several metabo1ic 

homeostatic mecharfisms. Its indu~tive role in the qeveloJM1ent of the 1ung, '. 

and pulmonary surfactant has leen described 1 (Redding et al" 19 n ; 
Wu 'et al., 1973), anQ 50 has Its influence on hepatic microsoma1 drug 

'metabolisrn in experimenta1 animaIs (Kato and Gillètte, 1965b; Kato and 
. 

, Takah,!-shi, 19fi3) an(l in humans (Vesse1l and Pas ~anin!ig, 1973; Crooks ~ 

ai., 1973; Eiche1haUl!1 et al., 1974) . 

~' .. ~. 
" .... 
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Since thyroid hormone 1nfluences drug metabolism and organ develop-

ment, it seemed probable therefore that thyroid hormone coul9 significant1y 

influence the development of the hepatic micros~d function oxidase 

system. This study was done to test this hypothesis. Theexperiments des

cribed herein examined the influence of chTonic hyperthyroid state, transient 
" \ 

n~onatal hyperthyroid state and hypothyroid state on the postnatal develop-

mental pattern of the c~onents of the hepatic microsamal electr~n transport 
\ 

~athway and the sp~cifi2 a~tivi~of h{patiC microsornal drug-oxidative-
.1/1. 

enzymés catalyzing N-demethylation of rurinopyrine Ca type l substrate) and 

p-hydroxylation of aniline C~ typ~ II substrate) . 

. ./ 
MATERIALS AND METI-IODS 

Male Sprague-Daw1ey rats obtained from Canadian Breeding Farrns (St. 

Constant, Quebec) were used in this s~udy. Adult male rats were at 1east 
, 

10 weeks of age.and weighed-between 300-340 grams. Female adult rats were 
u • 

, , 
bred at "the Canadian Breeding Farms and were delivered to the laboratory on ' 

, , . 
the clay of p~rturition at which time the male littgrs were segregated with 
" . -
their mothers and were used for the experiments. Mothers and litters were 

maintained a't the McGiH University Mclntyre Animal Centre and in an cases 

the litters ~ere weaned at 21 days of age. The diet for/fhe nursing rnothers 

and for the weaned li tters consisted of Pu;ina Lab rat chow and water ad f 
libittun. 

In the expériment~ on chronic hyperthyroid state, immature rats were 

'!J 

'gi ven a daily subcutaneous 

Louis, Mis~ri) at a dose 

injection of L-thyroxtn (~igma Laboratories, St. 

Of"'rug~ weigl;lt S~birth. L-Thyroxin 

,--/ 
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l ' o ' , 
was dissolved in 0.01 N NaO~' and the con~ntration was adjusted 50 that in 

al! experiments the volume-injected ranged from 0.05 ml to 0.1 ml to rats 

from birth to 3 weeks of age, 0.1 ml to 0.3 ml from 3 weeks to 5 weeks of , ' 

age, and 0.5 ml in adults. Initial experiments in our laboratory showed 
~ 

no effect on,the parameters studied using subcutaneously ~dministered 0.01-

NaOH at the volumes ïhjected and therefore the control values were obtained 

from untreated rats of corresponding ages, matched with the thyroxin treated , 

group. These untreated and thyroxin treated rats (1 ug/g body weight daily) 

were sequentially killed at ages 3 days, 1, 3, and 5 weeks. 
( , 

, Neonatal\hypërth~oid state wa~ produced by claily subcutaneous injec-

tion (at the nape of the neck) of L-thyroxin (100 ug/day) for /the first 5 

days of postnatal life .. Treatment was started within "l8 hours from birth. 

To test whether thyroxin administration during the neonatal period influences 
\ 

the effect of thyroxin at an older age; additional thyroxin doses (booster 

'dose) of 1 ug/g body weight/day for thiee days were administered prior to 

death at age 3 weeks and 5 week~. 

~~othyroidism was produced by radiothyroidectomy emplo~ng radio-

active 1311 (New Fngland Nuclear, Boston, ~lass.) as describ~d'hy Gol!bcrg 

(1949). One h~dred uC of 1311 was subcutaneously admin~~ered ta newborn 

rats within 18 hours from birth. These rats were killed at 3 and 5 weeks of 
~ 1 

age. Replacement therapy ustrlg L-thyroxin 1 ug/g hod~ wci~ht daily for 7 ~ 

days was injected subcutaneously to a group'of hypothyreid ~ats prior to 
, 

death at age 3 and ~ weeks. 

In aIl experiments on the immature animaIs, one or more pups were 
\ 

randomly selected from different l~tters of s~e treatment group 50 that at 
• 

any given age the mean value was derived frorn a number of individual deter
! • 1 
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minations. Each èletermination perfonœd in th~ newboms ~presents i;l 

, singlè vaLue d~rived from the livers of fo~r littermates pooled prior ,ta 

homogenization .. At one and two weeks of age, livers from three to four " 

littermates were pooled and thereafter single livers were used. 

AnimaIs of desired age were sacrificed by decapitation followed by 
, , 

exsartguination. Livers were immeaiately excised and homogenized for 30 
1 

seconds in a high speed Sorvall Omni-Mixer (?orval Co., Conn.) in ice cold 

0.1 M phosphate buffer, pH 7.4 using 4 volumes per unit weight. AlI sub

se~uent procedures'were tarried out be~een 0° G ana 4° C. 

The homogenate was centrifuged at 10,00~x g for la minutes in a 

" refrigera~ed centrifuge. The 10,000 x g supernatant was ca~~ul'ly removed 

avoiding contamination hy,the loosely packed pellet at the bottom and the 

fatty layer at the top of the centrifuge tube .. The 10,000 x g ~upernatant 
} \ 

was centrifuged a~ 100,000 x g for 60 minutes in a'Beckman L3-40 tefrigerated 

ultracentrifuge. The resultin~ rnicrosomal pellet obtained was separated .. 
from i ts 'glycogen layer and resuspended in ice-cold huffer using a glass 

, 
homogenizer with a teflon pest le (Arthur H. Thomas Co., Philadelphia, Pa.), 

and using a volume of buffer sufficient tÇ\ rrovide a final p,r0tein concen

tration of 30 to 40 mg/ml, Protein concentration of the suspension was , 
getermined by the hiuret method (Kabat and Mayer, 1967). 

NADPl-I oxidase acti vi ty was detennined by follo\j.Îng the absorbance 

change of NADPH at 340 nm by the method described by Gillette, Brodie and 

LaDu (1957). NADPI-I cytochrome c reductase acti\{i ty was dete~ned by 

following the absorbance change at.550 nrn reflecting the appearance.of 

reduced cytochrome cafter addition of NADPH and cytochrome c to the .. 

microsomal preparation, as ~escribed by Phillips and Langdon (1962): Cyto-

.. 

• 
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&. " 
~~rorne P-4S0 concentration was 4etermined by the rnethod of Omura and s~ 

(1964) with a micrgsoma1 s~pensiort containin~ 5 -mg of protein per ml. . . . 
, , 

The acti vi ty of aminopyrine N-demethy1ase was dete;mined by 

me~suring the production of formaldehyde from aminopyrine as described 

by Cochin and Axe1rod (1959). The reaction mixture contained U.1 ml of 

micTo~omal sU5pension~ 36 ~l of MgC1 2 , 24 unol of neutralized semi

carba~ide Hel, 40 umol of nicotinandde, 0.66 umol of NADP+, 16 umol of 

soditun isoci t~te, 0.5 mit of isoci tric dehydrogenase and la tDTIOl of 

aminopyrine in a final volume of 2.0 ml of 0.1 M phosphate buffer (pH 7.4). 

Nicotin~ide has been reported to inhibit the microsomal N-demethylation 

of ruhlnopyrine (Schenkman et al., 1967) but in our exp'eriments addition of . 
amounts up to 100 umol had no such effect. 

The activi ty of aniline p-hydroxylase was determined using the above 
.'1 • 

re~ction mixture minus semicarbazidé and wit~ la umol OF aniline substituted 

for aminopyrine. The production of p-aminoPhen~as measured as described 

by Kato and Gillette (1965a). In aIl assays of aniline p-hydroxylase and 
J' 

aminopyrine N-demethylase activity; hlank tubes were prepared sinrul ~{lÏleously 
. '1 

wi th each assay. 

Serum thyroxin leve)s were measured by competitive protein binding 
, 

as described by Murphy and Pattee (1966). 

Student's t test for unpaired data was used for statistica~ analysis. 
1 . 

A P value pf < 0.05 was considered significant. 

/ 



/' 

• 
MS. II .. 

, - 65 -

RESULTS 

- Effect of acute thyroxin ~eatment in immature rats 

To deterrndne the effec~ of acute thyroxin treatmènt, groups of 

6-day-old male suckfing rats were given a single dose of thyroxin.at'a 

dose Ç>f l ugl g. Twenty-four hours later~ determination of the electron 

transport components of the hepatic microsamal mixed ftmction oxidâse 

system and two reptesentative substrate oxidations were perfQrmed. The 

results, e~ressed as percentage of adult activity; are shown in Fig. Il 
Cornpared ~ the non-L-thyroxin treated control group, there was a signi

ficant increase in the acti vi ty of Nt\DPH oxidase, NADPH cytochrome c 

reductase, aniline p-hydroXylase and in the content of cytochro~ P-450 

and yield of microsomal protein per gram of liver. A remarkable increase 

to adult levels in NADPH oXldase activity and aniline p-hydroxylation was 

noted. In co~trast, no effect on aminopyrine N-dernethylation was observed. 

Influen~ of chronic thyroxin treatment on the ontogenesis of hepatic 

~crosomal drug oxidation 

To' determine the effect of a sustained hyperthyroid state on the' 

postnatal development of the hepatic mixed ftmction"oxidase system, thyroxin, 

1.0 ug/g body weight was administered sqbcutaneoU$ly to male rar s daily 

starting from the first day of li\ Groups of these treated r:ts were 

. sacrificed at age 3 days, 1 week, 3 weeks and 5 weeks, and the activity of 

the hepatic mixed function oxidase system was measured. The results with 

respect to liv~r weig~t, microsomal Pfotein yield, and total micTOsomal 

,< 
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protein ~r liver arè shawn in Table 1. There was a decreasè in' live~ , ' 
weight at age 3 weeks which retumed to control- value at age '5 wee'ks. 0. 

There' ~as a signi ficant increase in the microsomal protein yield per gram 

of liver whid) again returned to comparable control value ~t age 5 weeks. 

How~ver, "fhèn the total Î microsomal protein pe~ li ver was calculated by 

taking the product o~ the rnicrosomal protein yield per gram of liver and 

the liver wet weight, a decrepse in the total microsomal prote in was noted 
t-
at three ~ ,five weeks. No e\fect was seen a~ age 1 week . 

• 
The effect of a continuous hyperthyroid state of NADffi oxidase is 

shawn in Fig. 2. Compared to the normal developmen~al pattern of NADPH 

oxidase actiyity, the pattern in the-thyroxin treated ~roup sh~ed a signi

ficant augmentation which was observed starting from 3 days pcstnatally. 

The activity surpassed adult levels at age 3 weeks and returned'to adult 

levels by age 5 weeks. 

The efiect of sustained hyperthyroidism on NADIfI cytochrome c reduc-

'., 

tase is shown in Fig. 3. In tl1e normal non-thyroxin treated group, adult 

level of activity was attained at 5 ~eeks. In contrast, the thyroxin treated 
-

group reached adult level of NADPH cytochrome c reductase within one week. 
l , 

The inductive effect of thyroxin on this, flavoprotein was noted at age 3 days, 

followed by a plateau at adult level of acti vi ty from age 1 week to 5 weeks, f 

thereafter. 

The effect df ~cOJttin~ous thyroxin treatment on the developmental 

pattern of cytochrome P-4S0 is shawn in Fig. 4. In the normal. rat, a 

biphasic development was noted, with an initial rapid rise durl1}p' the first 
~ l\... 

week follÇlwed by a plateau tmtil 3 weeks. A second rapiu lise was noted 

after 3 weeks and approached adult level of activity at 4 to 5 w~eks. In 

" 
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contrast, a considerable lag in the developmen~ of cytochrome P-4S0 was 

noted ih thé-\·thyroxin treated rats ,~tarting at age 3 days. In one wèe'k. 

'a significantly lower cytochrome P-450 content was observed relative, to 

the ~ge' rnatclied c~ntrol group. However, sorne degree of conpensation JllUSt _ 
" , 

have occurred since the heIOOprotein content increased ta an equi:V'~lent 

value compared t* that of 'the .control group at age 3 weeks. But /'Wbereas 

the nonnal ';;"~sj~h~ed an ~cTease ta near adult levels of ~ochraœ P-4S0 
1 CL 

\ a,fter 3 weeks, the, thyroxin tre~ted rats showed 'an arrest in the developuleut 
} , 

at this level 50 that by age 5 wecks ~e cytoch~ P-450 content was 

equivalent ta tha,t it age 3 we-eks. 

The inflœnce of sustained hyperthyroidism on the development of 

• aminopyrine N-dèxnethYI":,,e and aniline ,P-hYd~iS shawn Ùl Fig. 5 and 

Fig. 6, respe~tively. A si~ificantly lower act~vity of aminopyr~ N-
~ ,. ~' 

demethyI~se ,~s noted at first week which rose ta control value at 3 and 5 
" 

weeks. In contrast 'ta aminopyrine N-demethylase activity, aniline p

hydrmo/lase acti vi ty was signÎ'ficantly increased in the thyroxin treated 
} 

group c~arecl. t~ the mtreated control group. This iflcrease was noted' as 

early as 3 days postnatal age ana at 1 week the activity of aniline p-
I • 

hydroxylase was higher than nonnal adult a~ti vi ty, and appeared to reach 

plateau up t~ age 5 wee~. 

, 
f 

.... .... ~ 1 

Influence of neonatal thyfàxin tJ:eraPl wi th or wi thout booster thyroxin 

dose on the development of the microsomal mixe d ftmction oxidase system 

To determine the i~fluence of à translent hyperthyroid state shortly 
) 

after birth, rats were treated subcutaneously with thyroxin 20 ug/g/day for 

.' , 

,J , 1 
c 
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the first 5 days of life. This was/the maximum thyroxin'dose that was . ,\ ' 

1 

tolerated by the animaIs and which produced significant'hyperthyroidism 

during the,immediate newborn period. To determine whether neonatal treàt-
"'" , .... ~ 

ment would alter the magnitude of response to thyroxin during fe 3rd and 

Sth week of 11fe prior to full màturation of the system, ' the rats treated 

wi!h thyroxin during the neonatai period were given an additional or 

booster dose of thyroxin 1 tig/g/day for 3 days prior to sacrifice. The 
• 

booster dose was gi~n to deternrrne'whether an earlier episode bf hyper- .. 
thyroid state would alter the response to a dose of thyroxin at a later age. 

1 

• The results of this treatment are summarized in Tables..z and 3. The liver 

weights of the neonatally treated rat~ were significantly lower at 5 weeks. 

This'decrease in the liver weight was slightly potentiated by the booster, 

thyroxin dose. An increase in the microsomal protein yie Id per gram li ver 

was ob~erved during the first three weeks anq in the group given a booster 
, 

dose at 5 weeks of age. A decrease in the acti vi ty of aminopyrine N-

demethylase was noted at age l week, which rose ta control values at age 

3 and 5 weeks '~(Table 2). Booster dose of thyroxin at 3 weeks reduced the 

açtivity of aminopyrine N-demethylase at 3 weeks but did not do 50 at 5 

weeks of age indicating,some possible age related influenèe of thyroxin 

effect. In contrast to aminopyrine N-demethylase, aniline p-hydroxylase 'Iw 

was induced to leveis equai to or above adult levels during the first 3 

, 

w~eks of life in th~ neonatally treated froup (Tahle 2). The act~vity_fell 

below are matched control at 5 weeks but this was restored to the age rnatched 

control value with the thyroxin booster dose~ No significant effect was 

noted with NADPfI oxidase activity. On the other hand, a significant induc-

tion of NADPH cytochrome c reductase was obtained wi th the neonatally treated 

/ , ' 

/ 
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group at age one week which interestingly fèll below age matched control 
1 

ievel at 3 and 5 ~eeks of age. ~jmilar to aniline p-hydroxylase this faU 
• • E 

in the activity, of NADPH c?tochrome c reductase was reversed by thyroxin 

booster pose (Table 3). 1n fact, ~n activity greater than the age ~tched 
1 

control was obtained at 5 weeks, a finding not in aŒcord with that bbserved 

at 3 weeks. This aga~n suggests an age re1ated influence of thyroxin effect 
i / 

on hepatic rnicrosomal drug oxiqation. The hemoprotein rnonooxygenase cyto

chrome P-4S0 was significant1y decreased at.age one week in the neanata1ly 

treated rats ~~le 3). Hawever, an increase was noted at age 3 weeks 

followed by a return to age rnatched control value at age 5 weeks. 
r. 

1. 

Influence of hypothyroidism 'on the development of the hepatic mixed flUlction 

oxidase activity 

Rats were thyroidectomized wi th a single dose of 100 ne of 1311 at 

birth. One group received replacement therapy using daily administered L-

thyroxin 1 ug/g body weight subcutaneous1y for seven days prior to dcath at 

\ ' 3 and 5 weeks of age. These procedures resu1ted in effects as shawn 'in 

Table 4. There was a significant decrease in the 1iver wet weight of hypo

thyroid rats at 3 and 5 weeks'of age. Replacement therapy with thyroxin 

produced a slight increase in 1iver weight over the non-treated hypothyroid 

group; however, thiS~ not result in a cOmplete rec~~ery to control v~lues. 
The hypothyroid rats were myxedematous and their livers were pa!e and ederna

tous. Replacement therapy wi th thyroxin resu1 ted in weight 10ss secondary 

to correction of ederna (data not shawn) and the livers of this thy.roxin 
{ 

treated group became reddish and firrn. The rnicrosomal yield per gram of liver . 



• 
" 

• 

~.II 

- 70 - t-/ c ' 

\). 

was significantly increased in the hypothyroid group with or without ) 
thyroxin replacement in both 3 and 5 week old rats. However, the total 

liver microsomal proteinPper rat, obtained as th~. product of the microsomal 

prote in yield per mg protein and the liver wet weigh~, was much lower com

pared t9 the cont,~i group. The àctivity of aminopyrine N-detnethylase was 

significantly lower ln the 3 week old hypothyroid rat which was not .corrected 

by one weel replacement therapy with thyroxin (Table 4). This may be due to 

the fact that t.~yroxin ~ ~ can decrease arninopyrine N-demethylase activity 

in the male rat. 'Sorne campensatory mechanisms may have occurred on prolonged 

hypothyroidism 50 that at 5 ~eeks of age the hypothyroid rat with or without 

thyroxin replacement therapj showed equiactivity with the age matched control 

group. In contrast to aminopyrine N-demethylase, aniline p-hydroxylase 

activi ty was significantly increased in the 3 week old hypothyroid rat which. 

,was furt~r increaseo by replacement therapy with thyroxin (Table 4). Again, 

compensation must have occurred, hence an equiactivity in aniline p-hydroxylase 

between the control group and the 5 week olJ hypothyroid group was obtained. 

Replaccment therapy~ith thyroxin significantly increased the activityof 

aniliIlc p-hydroxylase in the 5 weck old hypothyroid rat. NADPH oxidase 

activity was tmchanged in -the 3 week old hypothyroid rat, and wi th replacement 

therapy with thy rox in , a significant increase in activity was noted (Table 4). 
, 

The 5 week old rat, however, showed no significant change in NADm oxidase activi-

ty. NADPH cytochrame c reductase showed-a significant decrease in the 3 and 
,. 

5 week old hypothyroid group (Table 4). This decrease was not only corrected by 

replacement thyroxin treatment but was significantly enhanced above age matched 

control values. - Cytochrome P- 450 content was significantly increased in the 3 
\ ... 
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, week old,hypothyroid rat (Ta~1e 4). Replacement therapy with thyro~in 
. 

résulted in an over-reversal of this' fipding and a significant decrease in 

cytochrome P-4S0 content was obtained. With prolongation of the hypothyroid 

state, a compensation may have occurred since only a slight insïgnificant 

increase of cytochrome P-4S0 content was noted in the 5 week old hypothyroid 

which ,was revérsed by thyroxin therapy. The increase in cytochrome P-4S0 

content in hypothyroidism has also been noted in adult surgica1Iy thyroidec-

tomized rats (Suzuki, 1967). 

Effect of thyroxin in vitro ) 
To eva1uate the possibility·of a direct thyroxin-substrate oxidative 

enzyme effect, thyroxin was added to the reaction mixtures for the assays of 

NADPH"cytochrome c reductase and aniline p-hydroxy1ase activity. Thyroxin 
-q -4 

concentrations varying from 5 x 10 . to, 5 x 10 H had no effect on NAnnT 

cytochrome c reductase activity a~ s~own in Table S. Sirnilar1y, thyroxin 

concentrations varying frarn 1 x 10.-7 ta 1 x 10- 3 H had no effect on aniline 

p-hydroxylase activity. The lack of effect of t~yraxin added in vitro on , -

NADPB axi~se activity has a1ready heen demonstrated (Suzu~i et al., 1967). 

F.ff$'ct pf suhacute (3 days) and chranic (3 - S weeks) thyraxin thcrapy on 
?' 

the activity of the hepatic mixed function oxinase in immature rats 

Ta determine'the magnitude of chanpe~ in heratic rnicrosomal ?xidatian 

nue to chronic hyperthyroidism and part1y to determine the influence of sub-

/ 

acute and chronic hyPerthyraid stat~, the change in (Inlg axidation in rats fi 
/ , . 

that were treated wi th thyrox:ln ~"lUg/ g hody weight for 3 ann 5 weeks were 

, 
\ 
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- compark~ to.t~o~e of corres~nding age ~ich receivcd ~oxin 1 ug/g 
, ' 

body weight daUy for 3 days. The resul ts are shown in Tahles (1 and 7. . . 
At 3 weeks of age, t~ere ~s a significant. increase in the microsamal 

prote in yield per gram liver in both su~-acutely and chroniçally t~yroxin 
, < + 

treated rats. l'To siWlificant chanpe was noted wi th NADPF o;x:idase and 
• , > • 

. NADW cytochrome c rerluctase ~ctivi ty in the sub-acute treatment gro1Ip 

whereas a ,~ignificant induction ~as observe~ in the c~ronically thyroxin 
- • 1 • .~. 

treated group. Conversely, a slgnificant decr~ase in cytochrome P-450 

content and amino~yrine N-rlemethylas~ activitv was only orserved in the 

subacutely treated group. t'm'lever, a si'gnificant increase was observed 

in ani]in~ p-hydroXylase ac~ivity in hoth suh-acute ~d chronic thyroxin 

treatment. 

Tn the 5 week old rat, the pattern of effe~ts is different. No 

change was noted in the microsornal protein yield ner pr~ of Jiver. A 

significant induction of NADPP oxi~ase was only noted in the chronical1y , 
treated group wJ"lereas an induction of NADPJl cytochrome c reductase occurred 

only in the suhaè'utely treated grollT'. A sj gni ficant decrease in cytochrome 

P-450 content occurred in hotJ"l the suh-acute and chronic treatment. An 

increase in aminopyrine N-demethylase activity occurred only in the sur

acute treatment grouns. An interestinp finding is the decreas~d aniline 

n-hydroxylation in the su~-acutely treated group ".rt-ereas an increase was 

noted in the chronical1y treaterl group. These_orservatiorrs sugge5t that 

the quantitative (magnitude) an(l qualitative (rlirection of chanre) eff~cts' 

of thyroxin are greatly modified 'hy the duration of tJ"lyroirl dysfunction and 

the age at whic}1 thyroxin is administered. The data (Tahle 7) further supges,t 

that compensatory mechanisms that rrinp, the enzyme acti vi ty to comp~rahle 

1 
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control levels occur with prolonged hyPerthyroidism. 

Serum thyroxin level~ apd evinepce for t'J'lYIoicl dysftmcti6n 

To determine th~egree of deviation fram euthyroid state, the 
. 

serum thyroxin levels werè ~asured in the radiothyroidectomized rats 

with and without thyroxin replacement therapy and in the rats treated 

wi th thyroxin since birth. The results are shown in Table 8. -The control 

serum thyroxin levels of the 3 and 5 week old rat are within the lower 

human euthyroid values (4 - Il ug%). The radiothyroidectomized ~ats had 

low serum thyroxin levels at 3 weeks of age (2.08 ...... + 0.15 ug%) which 
" .., 

decreased further at 5 weeks of age (1.70 ~ 0.24 ug%). Clinical manifes-

tations of hypothyroidisrn (myxederna, hypoactivity, weipht loss, decreased 

heart rate, decreased sensitivity of isolated heart to noradrenaline " 

(Kunos et al., 1974) were noted. Replacement therapy with T4 corrected sorne 

of these findings. Serum T4 levels in these rats were 16.46 ~ 1.51 ug% at 

3 weeks and 50.00 .::. 0 ug% at 5 weeks. These high T4 values represent in part, 

the accumulation of the exogenous hormone due to decreased T4 turnover 

seen in hypothyroidism. The rats treated daily with T4 since birth hacl 

high T4 values at 3 weeks (36.28 ~ 4.37 ug%) which decreased at 5 weeks 

(6.63.::. 1.22 ug%). The latter value represents, in part, an increased 

capacity to excrete exogenous thyroxin as T4 turnover in hyperthyroidism 

is increased and T4 half-life is shortened remarkably (Sterling, 1964). 
, 

Clinica1ly, tl1ese rats were hyperthyroid as evidenced by low weight gain, 

hyoeractivity and increased heaTt ~ate . 

• 

/ 

/ 
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,DISCUSSION 

, The optimal capacity for oxidative :ftmction represents- the 

culmination of the 'processes of, differentiation that have progressive,ly , 

occurred in the hepat~c microsomes. The temporal events involved in 

these processes of differentiation may be modified by pathologie derrange-
... 

ments in the vatious mechanisms 'regu1.ating growth and development. The 

data in this study denxm.sttate that, postnatal aberrations in thyroid 
, 

function significantly alter the developmental pattern of hepatie microsomal 
l ' • 

drug oxidation- and the electron transport components of the mixed ftmction 
~ 

oxidases, namely acceleration of the maturation of NAD~I oxidase, ~H 
cytochrome c reductase and aniline p-hydroxylase activity and dee~l~tion 
of the maturation of cytochrome P-~50 and aminopyrine N-demethylation tmder 

the influence of a sus tained hyperthyroid state. Furthenrore, the data 

demonstrate that the effects on maturational pattern appear to be specif~c 
, 

to a particular electron tr~ort companent and to a substrate oxidative 

enzyme, and are related to age and'duration of thyroid·dysftmction. The 
/ , 

differen~ia1 ~ffects on'microsomal electr~ component~ is illustrated by 

the sustained age-~tched supranonnal values of NADPH cytochrome é reduc- . -

tase, (Fig. 3) and NADPH oxidase activity. (Fig. 2) and conversely by the 

infr~: cytochrome P-4S0 content (Fig. 4) during continuous thyro~in 

treatment. Also, converse effects on Types l and II substrate oxidations 

have been noted. Whereas amibopyrine N-demethylation (Fig. '5) was decreased 

at one week, aniline p-hydroxylation was accelerated significantly and 

attained adult levels at the same stated age (Fig. 6) tmder the influence .. , 
of a sustained hyperthyroid stl1te. These observations are in acem wi th , 

", 

, ) 
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xin treated or thyroidectomized a~lt male rats 

Suzuki, 1967~ .. 

. , 

- ----

The age-relateàness·to thyroxin lesponse is drarnaticaily illustrated 

by' the effec~ ~f a ''booster'' dose>of th~oxin on aminopyrinJ~-deniethYlation 
(Table 2). Whereas 'a significant inhibition of' this sub'strate oxidation is 

observed at age 3 ~eeks, a slight but insignificânt'increase is notea at 

age 5 weeks (Table 2). Similar age related resl10nsiveness to thyroxj.n 
, ' 

'is further shown by the effect of a booster dose of thyroxin on NADPH 
~ ~ . 

cytochrome c reductase acti vi ty on the neonatal thyroxin treated rat where 
., 

a superinJuction was exhib~ted at age 5 weeks but not at age 3 weeks 
~ 

(Table 3). The duration of postnatal thyroid dysftmction aiso influences 

the altera~ion in the maturational p~ttern of microsornal drug oxidation. 
1 • • 

This is ex~nplified by a decre~se in aminopyrine N-demethylation in ithé· 
. . \ 

tlYree week old hyPothyroid rat but not in the 5 week old hypothyToid 'rat. 

Similarly, but in a converse fashion, an increase "in aniline p-hydroxylation 

is noted in the three week old but not in the 5 week old .hypothyroiq rat. 

The~e findings suggest sorne degree of campensatory ~chanism inherent in 

prolongedhormonal imbalanèe. Indeed, a major difficulty in studying cell· 

or enzymic differentiation in vivo, using endogenous substrates, is the 
, ' ---.ç. 

presence of feedback control mechanis~ that interverie to maintain the 

steady state '(Thrasher, 1971). For instance, in hypothyroidj.sm, the thyroid 
. , 

stimulating hormone (TSH) ~f the ariterior pituitary gland is greatly elevated 
A 

(Catt, 1970). It i~ not incônceivable that TSH ~ se may directly Qr . --
indirectly"-alter the deve1 opment' of microsomal drug oxidation. To ou~ 

,.- ) 

knowledge, this hormonal interplay 'has not been studied as i t pertains' 

to the ontogetlesis of the hepatic mixed function oxidase system. . 
" 

o 

'" 
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Tr.e rnost sens~tive indicator of the effect of thyroid hormone pr 

of the deficiency thereof (a~ in hypothyroidism) on the deve1opi~g hepatic 
f" ç ~ t) '1 ~ • 

mixed function oxi~se sy~tew ~is NADPH cytochrorne c reductase activity. 

This is supported by a matted i~crease in the activity 24 hours after 

thyroxin administration (Fig. 1) ;'~ sustained high activi ty wi th continuous 

thyroxin treatment (Fi!? 3); decreased acti vi ty to" preinduction . 1ev~ls 
. 

upon withdrawal of thyroxin (Tab~e 3); a significant fa1l helow control 

levels i~.hypothyroidism and arise to above control leve1s witp thytoxin 
1 

replacement t~erapy in hypothyroidism (Table 1). "Thèse findings are ,in 
'- . 

accord with the observations obtained in hypothyroid and hyperthyroid adu1t 

rats (Phillips and Langdon, 1956; Kato'and Takahashi, 1968; Suzuki et al., 
,1 

1967). Evidence has been presented that the metaholisrn of the f1avoproteins 

is under the control of the thyroid gland tprough the regulation of flavo-
., 

kinàse (Rivlin and Langdon, 1966; Rlvlin et al., 1968; Riv1in, 1970), and __ r 

since NADPH cytochrome c reductase is a flavoprotein (WillIams and Kami~, 

1962) the re fore , the regul&tion of the enzyme titre is most probably rnediated , 

by the thyroid gland (Phil1ips and Langdon, 1956). Biochernica1 similarities 
/} , o " 

between hypothyroidisrn and riboflavin deficiency have been demonstrated 

(Rivlin et al., 1968) and sirnilarities between rnicrosoma1 drug metabolism __ c 

in hypothyroid immature an~adult rat qnd the rihoflavin def~cient post-
.. 

wean~ng mice (Catz et al., 1970), name1y, increasrd c~tochrome bS and 

cytochr<?me 

been shown 

1 

P-4SD content, and incr~ased aniline p-hydroxylase have also 

(Table 4;,Spzuki et aL, 1967).'------../' 

, Thyroxin appears to exert a repressive role ta the deve1apment of 

'cytochrome P-4S0,and aminopyrine N-~methy1asy: This repressive role was 

more defined in the case of cytachrorne P~4S0 as evidenced by a decrease , . 
" 
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of this hemoprotein in chronic thyroxin treatment (Fig. 4); an initial 

decrease in neonatal thyroxin treated rat fol1owed by an increase, above 

age matched control levels at three weeks,with the withdrawal of'~yroid . 
f' . 

effect (~ab1e 3) and an increàSe in the thre~ week old radiothyroidectomized 
~ ~ , 

" rat (Table 4). The reasori for the' repressi ve fffect of thyroxin ort the 

,development of t~tochrome P-450 is. not ~;eaT .. The~ypotheSis that the 
1 • 

low drug metabolizing capaci ty in the newborn lWly be due to the presence 

of ~nhibitory substances (Fouts and Adamson, 1959) that maY,have been 

4e~ived fram the.mother (Fe~er and Lis~io, 19Z0) has been advanced. . '. 
In 

, 
support of this hypothesis is the inhibition of hepatic rnicrosoma1 drug 

metabolism by endogenous substrates such as somatotropin (Wilson, 1969), 

pregneno10ne and progesterone metabo1ites (Soyka and Lang: 1972); Soyka 

and Deckert, 1973) and the repres~ion of the postnatal deve10prnent of 

ethy1 morphine N-demethy1ation and arrdnopyrine N-demethvlation hy growth 

honnone (Wilson, 1970). The newborn infant at tenn has a higher free senun 

thyroxin 1eve1 with a transient 8- to 9-fo1d rise in serum thyroxin stimulating 

hormone immediate1y after bjrth (Fisher et al., 1970; Greenherg et al., 1970) add

ed'to a total pool of circulating enùogenous suhstrates. Increased circulating 

thyr01d ho'hnone may pro~uce al tered substrate interaction wi th cytochrome P- _, 

- . '" r 450 as ~videnc~d by decreased ~q.D'max.va1ue and increased ~max for aniline; f' 

, . 

and increased K value, increased K value and decreased V for hexobarbita1' ~ . 
s m max - '", , . . 

in \hyroxin treated adu1t male rats (Kato et ~., 1970). The possibi1ity that',~ 

relatively hign thyrpxin levels may indirectly act as a repressor of the 

development of aminopyrine N-demethylation and cytochrome P-4S0 through a 

perrrussive effect on growth hormone secretion (Catt, 1970) cannot be excluded . 

# 

.. 
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Greengard (1969) also raised the concept that the thyroid gland is the. 
'" 

probable physiologic tr~gger in NADPH generating system in fetal rat on 

the basis of simultaneous appearance of fetal thyroid ftmction and NADPH 
~ 

cytochrome c reductase and glucose-6-phosphatase, and a precocious' 

differentiation of these enzymes with exogenously adminlstered thyroxin. 
1 
1 "_ 

However, the teleologic significance of a transient neonatal thyroid il~d , 
hyperfunction in relation to the differentiation of NADPH and oxygen \ 1\ 

requiring drug oxidative pathways and their associated electron transport 

comIX'nents is as yet speculative. Moreover, the fundamental mechanism 

underlying the selective but varIable effect of thyroxin on the various 

components of the microsanal electron transport chain and various oxidative 

pathways is' still undefined. 

In the human neonate, p-hydroxylatian of aniltne correlates w~th 

advanclng postnatal age' whereas arninopyrine N-demethylation does not 

correlate (Aranda et al., 1974). Furthennore, an~line p-hydroxylation 
\ 

is dlI'ectly related to the activities of NADPH oxidase and NADPH cytochrorne 

c reductase and cytochrome P-4S0 content (Aranda et al., 1974). 1he 

accelerated developrnental pat~ern,of aniline p-hydroxylase and NADPH 

cytochrome c rec;luctase activity mduced by thyroid honnone are relatIvely 
, 

parallel. These observations suggest that aniline p-hydroxylation may be 

a better,indicator of the activity of microsamal drug oxidative"capacity . " 

as against aminopyrine N-demethylation in the irranature organism. Marked 

var~ability in aminopyrine N-demethylation has also been observed in the 

hllTlan fetal liver (Yaffe et al., 1970). 

Whether the effect of thyroxin on the development of the hepatIc 
'1 

mixed, fLmction oxidase system is one of pennanent enzyme differentiation" 

\ 

JI 
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or rnerely a transî~nt induction is not reso1ved in these experirnents. 

The concept of enzyme differentiation entai1s maintenance of enzyme titres 
1 

and the ph~iologiCal variations of these titres, which are normally 

exhibited in a fully differentiated enzyme system as that seen in the 

adult organism. On the other hand, transient induction entails arise 

in enzyme titres followed by a fall to pre-induction leve1s upon with-

drawal of the inducing agent. Suggestive evidence for enzyme differen

tiation is pr6vided by the effect of transient neonatal hyperthyroid 

state on the developmental pattern of aniline p-hydroxylase activity, an 

oxidati ve enzyme which exhibi ts the "overshoot phenomenon" (Moog, 1971). , 

This phenornenon, whereby enzymes that tmdergo a large increase in activity 
"t- . 

during a short period of time, rise above their adu1t level and subsequently 

fall back to a relatively stable leve1, has been described in various sub-

strate oxidations (Kata et al., 1964; Gram et al., 1969; Uehleke, 1971). 

Gram et al. (1969) had shown that the Vmax for aniline p-hydroxy1ase peaked 

1 at 1 to 2 weeks followed by a decline thereafter. In contrast, MacLeod et 

'" al. (1972) and the present studies show that t~e peak activity of aniline 

p-hydroxylase above adult level was observed late~ at age 5 weeks. This 

peak activity was shifted to age ~ne'week by thyroxin treatment fol1owed 

by a slow decline to lower adult value attained at 5 weeks of age (Fig. 8). 

This represents an advanced shift in the maturational pattern of approximately 

four weeks. 

Suggestive evidence for a transient induction is that observed with 

the effect of neonatal thyroxin therapy which resulted in an increase in 

the acti vi ty ,of NADPH cytochrome c reductase at one week followed by a fall 

to subcontrol levels (Table 3), and an infranormal shift of the developmental 
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pattern at three to five keeks of age. This finding also raises a 

possible consequence of induction, that is,'a fall in the enzyme activity 

to subno~vels Upon wi thdrawal of the influence of the inducing '\ 
, ./ 

agent. Blackburn et al. (1972) and Carson et a!. (1973) have demonstrated 

in the lung that steroids winch are inducers of pulmonary surfactant 

production enhance cell differentiation at the expense of sell division, 

resulting in fewer but more mature cell~ that are ft.mctioning at an 

optimal capaci ty . Wi th growth the metabolic demands of the èrganism , 
increase cammensurately with its increased body size, and it is possible 

that the decreased nunber of cells could no longer meet tlns increased 

demand leading to an infranorma1 shift in the de~elopmental pàttem, as 

shown by NADPH cytochrome c reduc~tivity: 

The ftmdamental mechanism ~derlYlng aIl of the known effects of 

thyroid hormone is stil+ unsettled (Catt, 1970; Soko1off, 1972). It is 

highlX probable that the primary action of thyroid honncine invo1ves a 

proeess 50 basic to cellular function that its regulation eventually 

ramifies into aIl the metabolic processes, such as mlcrosamal drug oxida-
" ' 

tion, whicfi~ have been shown to be modified in thyroid dysfunction. A 
.4 

basic process of cellular activity is protein synthesis, which has been 

shown to be stimu1ated by thyroid honnone both in vitro and in vivo (Tata, 

1963; Sokoloff, 1972; Sokolof~ ~.i 1963; Tata et al., 196~). The 

postnatal increase Ln the drug-ox~tive enzymes prObably represents de 

novo protein synthesis (Dallner et al., 1965) and it is likely that an 

increase in thyroid hormone wou1d increase the rate of postnatal synthesis 

. "-
of enzyme proteins as reflected by increased NADPH oXldase, NADPH cyto-
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chrome c reductase and aniline p-hydroxrlase activ~ty (Figs. 2, 3, and 6). 

Ho\\ever, this mechanism doe.s not eXplain the repression of the developnent 

of cytoch~me P-450 and aminopyrine :N-demethylation (Figs. 4 and 5). None

theless, a unified mechanism involving stiffiulation of prote in synthesis 

is likely if one invokes the 'possibili~y of an imbalance between rate of 

h f \-synt eSlS and rate 0 degradatian resulting in a net illcreased or net 
<1. 

decreased protein synthesis. Such an imbalance between synthesls and 

degradation has been demonstrated by the effect of methyLmercury hydroxide 
1 

on hepatic cytochrome P-4S0 (Luèier et al., 1973). The rate of incorpora-
, --

tion of radioactivity from labelled &-aminolevulinic acid into cytochrcrne ' 

/1>-450 did not appear to he affected by methy1mercury, but the degradaHon 

of the labeled cytochrome P-4S0 occurred-twice as fast in the methyl

mercury treated rats compared to the controls (Lucier et al" 1973) . 
. 

Increased p!Dtein turnover in hyperthyroidism and decreased proteln turn-

over ln hypothyroidism in ~he mitochondria have been demonstrated (Gr0~s, 

1971) and 'the possibllity of increased microsomal protelll t-umover llllder 

hyperthyrold state is highly probable. The coherent sequence in integrating 

aIl of these effects of thyroid hormone on the ontogenesis of the mixed 

functlon oxidase system needs further investigation .. 

It has been suggested that thyroxin may increase drug oxidation 

by facllitatlng the avai1ability of oxygen to the substrate (Kato, 1970). 

This intriguing hypothesis gains support with the observation tha~ hyper-
1 

thyroid patients have a left to right shift in the h~oglobin oxygen 

• dissociation curve with a resultant inc~ease in PSO (Miller et al., 1970; 

Snyder anù Reddy, 1970), thé axygen tension at which 50% of ~he.hemOglO~ 

is saturated with oxygen. This decreased hemoglobin oxygen affinity 
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facilitates oxygen transfer to the tissues (Mi1~~r et al., 1970'; Schuss1er 
. 

et al., 1971) and a similàr. facili tation of oxygen transfer from the heJOO-. .' 

protein to the substrate undergoing oxidation may occur. However, the 

exact bioChemical meChanism for oxygen transfer from,the cytochrome.P-450 
J j 

to the substrate is not ccmp1etely tmderstood yet (Ullrich, 1971). None-' 

theless, th~s,sibility remains that thyroxin may exert an effect at this 

step of drug oxidation. 

The events leading to full maturation of microsanal drug oxidatÏ\œ 

capability and the factors regu1ating these events are areas of major 

interest in perinatal pharmacology. Identification of physiological 

influences Which allow for increased drug-metabolizing enzyme activity in 

the imnature animal may elucidate the normal sequence of biochernic.al events 

in drug metabolism. The data in this study emphasize the vulnerabili ty 

of the developrnental profile of the microsanal drug metabolizing' enzymes 
~ . 

to a~teration in thyroid states and suggest a possible regulatory effect of 

the thyroid gland in the ontogenesi? of the hepatic mixed function oxidase , 

system. 

.. 

• 

$t l ' 

.. 
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FIGURE I: The effect of a single thyroxin dose on the hepatic 

microsomal e1ectron transport and substrate oxidation 

in inJnature male rats. 

Thyroxin I ug/g subcutaneously was acininistered 24 houTs 

prior to death: Thyroxin Was dissolved in 0.01 N NaŒl 

at a concentration sufficient to deliver the 1 ~/g 

dose in 0.05 ml. The control rats received 0.05 ml 

of 0.01 N NaOH. The bars indicate percent age of the 

adult activity. me adult enzyme aétivities are: 
. 1 

NADPH oxidase = 7. QS ! 0.57 ronoles x min -1 x mg -1 prôtein; 
-1 

NADPH cytochrorne c·reductase = 9S.02.! S.55 nmoles x min 

-1 . . x mg proteln; cytochrome P-450 = 0.452 : 0.028 nmoles 

x mg-1 proteirt, aminopy;rin~ N:-deneihy~ation = 2.52 ! 0.15 ronoles , 

. -1 -1 . x nun x mg protel:1., aniline p-hydroxylation =' 

0.392 + 0.020 nmo1~s x min- l x mg- 1 protein and microsoma1, , 
prote in = 49. 77 ! 3.08 mg x g -1 li ver. Nunbers in 

parenthesis indicate m.unbers of individual detennina~ions. 

Bach individual detennination represents a pool of liver 

fran 4 iIrm~)3Are rats. 

a ... p < 0.01. 
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FIGURE 2: Effect of chronic thyroxin therapy on the develolEent 

of NADPH oxidase activity in male rats. , 
1 

.....". Rats were given L-thyroxin l ug/g/â subcutaneously daily 

after bi'rth. Values indicate mean + Sei of,6 to 20 

individual detenninations. 

a = p\:/ 0.05 . 
• 
b = p < o. al. 
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FIGURE 3: 

.. 

The effect of continoous thyroxin. therapy on the 
, 

development of cytochrOOle c reductase activi ty. , 

Rats were given L-thyroxin 1 ug/g/d subcutaneously . , 
since birth. Values indicate Mean + SEM of 6 to 14 , -
determinations obtained 'fl;Olll individual pools, in 

the newborn rat or from a single animal in the older 

rats. 

a=p<O.Ol. 

b = p < 0.001. 
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FIGURE 4: - Effect of continuous thyroxin therapy on the 

" 

'J~ .. 

"'--rJ.-

'" 

• 
~ 

/ 

developnent of3 cytochrane P.;-450. Réits were given 

a daily stbcutaneous injection of l ug/g/d 0 f 
, ' 

L-thyroxin. Each value represents"mean)! SEM ,jof 

5 to 14 determinations. 

a = p < 0.05. 

b = Il < 0.01. 
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FIGURE 5: /Effect of chronic hypertbyroid state on developnent 

( 

~. 

of aminopyrine N-demet~ activity in~male rats~· 

Rats we1i'e given daily injection of L-th.yroxi~ . 

1 ug/g/d subcutaneously sjnce birth. Values indicate 

mean + SIN of 6 to 10 detenninations. - , 

a = p < 0.01 compared to'the control group. " " 
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FIGURE 6: Effect of chronic hyperthyroid state on the develotnent . 
of aniline p-hydroxylase.àctivity in male rats. 

Rats were given daUy injections of L-thyroxin 1 w./g/d 

subcutaneously since birth. Values indicates mean ! 

sa4 of 6 -eo 14 individual detenninations. 

a ... p..:: 0.01. 

b = p < 0.001. 

/ 

~ 

• 

) 

j 1 • J 



• 
e - é., .... ,. 
.. ! 
0 .. .. 

fi 
0.7 -ID 

è " , )( 0.6 -le .-
E 
)( 0.5 
"V • ! OA 
0 
u. 

-gO.3 
.1 

a. 
~ 0.2 .-
E 

" • a. 0.1 .. • -0 
E 

0 r:: 

, . 

- 8R -

,-)~---'--r 
b,;'; l 
k''' 
1 
1 , 
1 
1 
1 
1 
1 

1b 

• • Control 1 i 

1 

1 
1 
1 

0- -0 T4 Treatad 

• .................•..••.... y ................•......... '.' ...... . ............. ", ..................... " ........................... " 

E' '::::':::' '::::' :1:' .~.~. 'S:':;:::' '::J:' =:::' ::::::::::::' ·t·:::::::· '::::'::::' ::c:::' ~. ::'~--I ,J-l _--L_ 

I 2 3 4 5 10 
Age (W •• k.) 

/ 

r 



e 

il 

~-o: . ~ 
", 

, , 

'f 

.. 

1 / 

-- • \ 

- R9 -
~ 

HS. II 

TABLE 1 -

Effect of chronic thyroxin acbninistration on liver weight, mÏ.crosomal protein yield \ 
and total mitrosomal protein per liver in immature male rats. 

Rats were treated daily with L-thyroxin (1 ug/g body weight). Total microsamal protein 

per 1iver was obtained fran the product of 1iver \\eight an.d microsanal protein yie1d. Values 

indicate rnean + SEM. Numbers in parentheses indicatè mmber of in,diVidual determinations. 

Age 
(wks) 

1 

3 

5 

Liver wet weight 
(g) 

... 
Control T4 treated 

O. S2!0. 01 (24) 0.52:0.01 (30) 

2.38+1).10 (21)) 1. )4:0.14 (S) b 

6.93!0.16 (la) 5.13+0.24 (6) 

a = p < 0.01 campared to control va~ue. 

b = P < 0.001 compared to control value. 

L 

c:o 

, Microsomal protein 
~ _ _ (mg/g liver) 

Control T4 treated 

n. 71:1. 24 (15) 34.92:1. 84 (6) 

Total microsomal 
protein (mg/li ver) 

T4 
Control Treated 

16.49 18.16 

30.51 +0. 71 (10) 

39.11!l.04 (5) 

36.47:1.98. ~ 72.61 48.89 

39.56!2.83' (7) 271.03 202.94 

, 

/ 

\ 
) 
J 

•• 



... 

" 

e • 
" 

~J 

- 90 -

t-vE.II 

T~LE 2 

Effect of neonata1 thyroxin administration on 1iver we~ght, microsoma1 prote in and substrate oxidation 
j 

in bnmature male rats/ 

Rats were treated daily with 100 ug 0:: thyroxin for the first 5 days of life. Thyroxin was also 

administered to neonatally treated rats at a dose of 1 ug/g body wei~ht d~ily (''booster"dose) for three days 
1 

prior to death at age 3 and 5 weeks. Values indicate mean + SEM. Numbers" in parentheses indicate number of 

individua1 determinations. 

Age 
(wks) Group 

Liver wet weight 
(g) 

Microsomal protein AmiFlopyrine N- Aniline p-
(mg/g liver) d~~ihy1as~lnmo1es. 

x man x mg prote ln 
hy~rgty1ase_~les . 

x mm x mg protem 
~-~-

1 control 0.52+0."01 (24) 31. 71±1. 24 (15) 0.83tO.08 (8) O.250±O.016 (8) 
neonata1 T4 0.51~0.01 (24) 43.70:!"3.50 (6)~ 1).63"t0.OS (6)b 0.604"t0.076 (6)C 

3 control 2. )9~0.10 (20). 30.51 +0. 71 (l:b) 1.80~0.f)7 (10) 0.349~0.d18 (10) 
neonata1 T4 1.94~0.1l (6) 43.16~2.48 (6)C 1.91:0.13 (6) 1J.548!0.015 (6) 
neonatal T4 + 

0.581:0.027 (~ booster T4 1.15+0.06 (6)C 52.05+3.99 (6)C 0.83:0.08 (6)C \-

/ 

5 control 6.93±0.16 (10) ,)9.1Hl.04 (5) 2 .1l±0 .10 (10) O.562:t0.029 (14) 
neonata1 T4 
neonatat T4 + 

5.85±0.35 (6)b 34. Ol±~. 70 (6) 2.11tO.09 (6) O.311±0.013 (6) 

booster T4 4.15tO.lS (6)c 4R.nt2.S1 (6)a 2.43±O.09 (6) 7°0016 (6) 

(b) 
.p 

"(a) p < 0:05 p < O. rH {c) p < 0.001 cQ111pared to 

~ 
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The effect of neonatal thyroxin treatmént wÙh and without' "booster" 

" thyroxin dose on the develo]l11ent of microsanal electron transport components 

in male rats. 

Rats were injected with 100 ug of thyroxin duri-ng the first 5 days of 

life. Booster dose of thyroxin was acbninistered to a group of these :teonatally 

treated rats at a dose of 1 ug/g body weight claily for three days prior to death 

at age 3 and 5 weeks. Values indicate mean + SEM. Nunbers in parentheses 

indicate nunber of individual detenninations. 

NADPH cytochrome 

Age Group 
NADPH oxidas~l " c réductase_1 Cytochrame P:i5O 
nmol~î x min, nmol~~ x min, nmoles il( mg 

(wks) x mg protem x mg protem prdtein 

1 control 4. 89i'0.23 (~) 45. 97T1. 77, (R) O.190i'O.Ol'3 (7) 
neonatal T4 5.62+0.55 (6) 76.68+6.82 (6)C 0.120:!,O.003 (6)C 

3 control 5.07tO.64 (l8) 68.22t3.12 (20) O.214:tO.014 (10) 
neanatal T4 6.08tO.27 (6) -41.1)3±4.29 (6)C O. '3f17±0.034 (5)C 
ne6nata1 T4 + .. 
booster T4 ? .. OSi'O. 29 (6) 54. 50:t4.] 9 (6)a 

'5 . control 7.l2tO.48 (ISj 9n.16:t4&16 (10) O. 371tO. 037 (14) 
neonata1 T4 6.56+0.52 (6) nO.43:4.95 (6)C 0.377+0.025 (5) 
neona ta! T 4 + 
booster T4 8.43*0.64 (1) 125.73*8.06 (6)b 

4 

(a) p < 0.05 , 
(b) P < 0.001 (c) p <: 0.001 
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TABLE 4 
"- . 

Effect of hypothyroidism with and withollt thyroxin replacement therapy on liver weight, microsoma1 

protein yie1d, substrate oxidations and e1ectron transport components in immature male rats. 

Rats were thyroidectomized wLth 1311 (100 ug) at ~irth. Replacement therapy,with L-thyroxin (1 ug/g/dayJ 

was started 7 days prior to the ex;periments. Values represent mean + SEM •. Nunbers in parentheses indicate 

number of individual determinations. 

Parameters 

Liver wet wt. (g) 

~licrosoma1 protein 
yie1d rng/g 1iver 

Aminopyrine ]\1-

demethylased 

Aniàine p-hydroXYl
ase 

~. d 
NAD~ oXldase 

NADPiI cvtochrome c 
reductasecl 

Cytochrome P-450e 

3 weeks 
Hypotnyroid 

Control Hypothyroid + T4 x 7 d Control 

2.38+0.11 

(20) 

30.51+0.71 
(10) 

1. 80+0. 07 
(10) 

1. 60+0. oS: 
(18) -

38.12-:2.63b 

(6) 

1.02+0.03c 

(6) 

1.66-:0.04c 

(18} 

40.90+1. 53c -
(6) 

1. 06+0. 06c 

(6) 

6.93-:0.16 

(10) 

39.11+1. 04 
(5) 

2.11+0.10 
(10) 

0.349+0.018 0.526+0.0l7c 0.805+0.041c 0.562+0.029 - - - -
(10) (6) (6) (6) 

5.13+0.62 
(18) 

6fL Z2+3.12 
(20) 

4.85+0.16 
(6) 

8. 64+0. 040b . 7.12+0.48 - -
(6) (15) 

37.71+1.37c 119.07+10.06c 92.16+4.16 
(6) (6) (ÏO) 

0.213+0.014 0.383+0.012c 0.087+0.024c 0.371+0.037 
(10)- (6)- (6) (1:1) 

:» 5 weeks 

Hypothyroid 

1. 78-:0. 09c 

(14) 
, 

49.31+3.-69a 

(6) . 

1. 93+0. 20 
(6) 

0.534+0.033 
(6) 

5.43+0.48 
(6) 

60.48!4 r 69c 

(6) 

0.485+0.025 
(6J 

HYPOthyroTa 
+ T4 x 7dd 

c 2.48-:0.10 
(13) 

47.62+2.0Sb • 
(6) 

2.17+0.08 
(6) 

0.805+0.041c 

(6) 

8.6<1:0.47 
(6) 

l20.57+8.S5b 

(6) 

0.272+0.023 -
(6) • 

(a) p < 0.05 (b) p < 0.01 (c) P < 0.001 compared to control. 
(d) value~ expressei as nmoles x min- 1 x.mg- 1 protein. (e) values expressed as nmo1es x mg- l protein . 

• 

" 
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TABLE 5 

Effect of thyroxin in vitro on NADFH cytochrome c reductase and 

aniline p-hydroxylase activity. 

L-thyroxin was disso1ved inO.1)lM NaOO and added directly to the reaction 

mixtures for the assay. of NADPH cytoc~rome c reductase and_ aniline 

p-hydroxylase. Values rare expressed as means ~ SEM of 8 individual values 

for NADPH cytochrome c reductase activity and 6 indivichla1 values for 
1 

o 

aniline p-hydroxy1ase activity. Each individual value represents a pool of 

microsames obtained from three one-week old rats. No significant differ-

ences in the activity of NADPH cytqchrame c'reductase and aniline p-hydro

xy1ase were obtained betwecn the solvent (Q01M NaOH) containing reaction 

mixture and those containing variable concentrations of thyroxin. The 

honnone precipitated ~yt at çoncentration of 1 x 10- 4. 

T4 
M 

Concentra tian 

0.00 
, 

0.00 + 0.01 M NaOH 

5 x 10-9 

5 x 10- 8 

5 x 10- 7 

5 x 10-6 

NADP'-I cytachrome c 
reductase (nmoles -lyt. 

F red~ied x m~n x 
mg protem 

52.19 + 2.22 

45.86 + 3.03 

46.3:1 + -2.79 

46.43 :!" 2.61 

46.35 :!" 3.93 

44.40 + 2.60 .. 
46.02 + 2.79 

46.80 + 4.83 

T4 
M 

Concentration 
J 

0.00 1 

0.00 + 0.01 Nam 

1 x 10- 7 

Aniline p-hydroxy1ase 
(nmales p-aminapheno1 
fonned x min -1 x 
mg- l protein 

0.250 :t 0.016 

0.250 ! 0.016 

0.267 + 0:011 - \ 

0.274 ! 0.011 

0.279 + 0.004 



• 

• 

r - 94 -
.. ~ l' 1 

t.t:;.II 

TABLE 6 • 

Ccmparison between subacute thyroxll:t therapY'and chrçmic therapy in 3 
c 

week old rats. 

Male rats were treated with L-thyroxin' (1 ug/g) daily for 3 days in the 

stbacute jtreatment group and daily for 3 weeks.in the chronic treatment gro~. 
(" 

Values are expr6ssed as mean ! SEM. Numbers in parentheses represent number 

of rats individually st~ied. ~% indicates percent change fram the contrOl 

group. 

Microso~l protein 
yield mg/ g liv~r 

'NADPH oxïdase 
nmoles x min- l x 
mg-l protein 

NADPH cytochrome c 
reductase 
min- l x mg- 1 

protein 

Cytochrome.P-4s0 
nmoles x mg- 1 

protein. " 

Aminopyr1ne N
demethylase nmo1es 
x min-lx mg-l 
protein 

Aniline p-hydroxy
lase nmoles'x 
min- l x mg-:- 1 
prote in 

(a)' p < 0.01' 

(b) P < 0.001 

Subacute 

T4 1 mg/kgf 
Control d x 3d ~% 

30. Sl±O. 71 49.69±2.36 +62.9b 
• 

(10) (7) 

S.33±0.67 6.87±0.3s +31.6 
(20) (7) 

68.22±3.11 74.SS±S.94 + 9.28· 

(20) (7) 

0 

0.2l4±0.014 0.120±0.006 -43~9b 
(10) (7) 

1.80±O.Of> 1. 22±O. 05 -32.2 
(10.) 

, (7) \ 

O.' 149-r0. 019 , ·'O.S94-r0.0l6 +70.Zb 

'10) 1 (7) 

Chr.onic 

T4 1 mg/kgf 
d x 3 wks ll% 

36. 47f"1. 98 +19.5)a 
(8) 

9 _36t 1. 04 +7s.6a 

(8) 

90.11t4.68 +)0.1 a 

(7) 

O.203"!"O.026 -5.1 
(5) 

2.071'0. Pi +ls.{) 
(81 

"0.727-rO.OS3 +108.3b 

(8). 
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TABLE 7' 

Comparison between subacute and chronic. thyrexin therapy, in ,5 week 

old rats. 

Male rats were treated with L-thyroxin (1 ug!g) for ~,days in the 

subacute treatment group and daily for 5 ~eeks in the chronic treatment group. 
• l' 1 

Values are exoressed as mean ~ SEM. Numbers in parenthéses indicate n~ber 

of rats individually studied. t,% indicates percent change from the contro! 

group. 

~ticI'osoma1 protein 
yield mg!g liver 

NADru oxidase 
runoles ·x min- 1 
x mg-l prote in 

NADPH cytochrome c 
r~d~rtase ~oles x 
mIn x mg 
protein 

Cytochrame ~ï450 
nmoles x mg 
protein 

Aminopyrine N
dem~t~r1ase ~oles 
x mIn x mg 
protein 

Aniline p-hydroxy
lase runole\ x 
min- 1 x mg
protein 

(a) p < O. OS 

" Control 

39.11*1. 04 
(5) 

7.l1tO.48 
(15) 

92.16t4.16 
(10) 

O.37HO.036 
(14) 

2 .11~O.1l 

(10) 

O. Sfi2:tO. 029 

(b) p < ,0.01 

Subacute chronic -, 
f' 

GTi 1 mg!kg! T4 1 mg!1<g! 
d x 3d t,% d x 5 wks 6% 

1 

37.18*2.90 
(6) 

-4.9, 39.56*2.83 
(7)' 

7.79±O.55 
(6) 

-9.6 R.~4tn.40 

(7) 

154.22tlS.02 +67.31c 98.44t8.69 
(6) (7) 

O.244±O~007 -34.2a 

(6) 

, 

2.57~O.17 +2l.8
a 

(6) 

O.216tO.019 
(5) 

2.36~O.09 

(7) 

+1.1 

-
a 

+24.~ \ 

" +5.7 

a -41. 8 

+11>.'8 

c O.363±O.037, -35.4 O. n~:t0.01i6 +29'.5b , J, 

( c) P' < O. 001 ' 



96 -

MS. Ii 
. , 

TABLE 8 

Serum thyroxin 1evels in euthyroid, radiothyroirlêctomizerl 

and hyperthyroid immature rats. 

t; 

Serun Thyroxin (ug %2
a 

Groups \ 3 weeks 5 wee)cs 

Control 1.31 + 0.28 (8)b 4.17 + O.:B (9) 

Chronic T4c 36.28 ! 4,'7 (7) 6.63 + 1.22 (II) 

Hypothyroirld 
2.08 ilS (6) 1. 70 + 0.24 (10) 

~ 

Hypothyroid + T4e 16.46 + 1.51 (12) 50.00 + 0.00 (6) 

" 
, . 

(a) Values are expressed as Mean ! SEM. 
~' 

(b) Numbers in parentheses indicate number of individua1 determinations. 

(c) .Chronic T4 indicates the grot~ of rats treated with L-thytoxirl 

(1 ug/g) daily for 3 or 5 weeks. 
, 1 

(d) Hypo~hyroid group i~dicates rats treâted with 1311 at birth. 

(e), , As in (d), with replacement L-thyroxin therapy at a qose of 
• • • 

1 ug/g body weight daily for 1 week prior to ,T4 measurements. 

\ 
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The influence of thyroid honmne on the 'development of ~PH cyto-, 

chraœ P-4S0 redu:tase activity was studied. Hepatic microsœœs obtai:ned 

from nonna! male rats of varying ages from birth to 10 -web of age, showed 

àn increasing rate of reduction of cytochrœre P-450 by: NADm, as a function 
J 1 

of postnatal age with attaimnent of 50\ adult activity by 5 weeks of age. 

Addition of 1 JiM aminopyrine· in vitro into the reaction mixttn'e enhan~ 

~e rate of reduction of cytoèhrane P-450 by NADPH ~t al1 ~s except a~' 
3 weeks of age. 

Male rats were made hYÏ>othyroid with' 1311 at birth. Hypothyroidism 

increased the non-3minopyrine ènhanced NArim cytochrome P·450 reduc:;tase 

activity and was greater than the control rats at age 3 and 5 weeks. Hypo

thyroidisJll also increased the aminopyrine enhbced NADPH cytochTOJœ P-450 

reductase at age 3 weeks but de~reased i t at age 5 weeks. Therapy wi th L

thyroxin (1 ug/grant body weight/day for 7 days prior to sacrifice) partly 

reversed the observed changes in non-substr~te enhanced activi ty of NADm 
1 

cytochrorne P-4S0 reductioh in hypothyroi<,ii.sm at age 3 weeks and was cOJTt>le:te1y 

reversed at age 5 weeks. 

Male rats made hyperthyroid during the neonatal period (100 ug/ clay 

from birth to 5 days) showed a significant increase in the rate of reduction· 
- . 

~f cytochrome P-450 and ~ greater than the Control rats at ages 3 and 5 

weeks. Chronic hyperthyroidism produced by daily subcutaneous injections of 

L-thyroxin (1 ug/gram body weight/day for 3 and 5 weeks) resulted in increased 

rate of reduction of cytochrome P-450 at age 3 weeks and had no observed 

effects at age 5 weeks indicating sorne degree of adaptation. 

-
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" 
AminopyTi~e added in vitro at 1 x 10- 3 M c~ncentration signifi~antly 

enhanced the rate of redoction of cytochrome P-450 by NADPH in the control . - ~ 
rats, decreased the rate of re;uction 0t cytochrone P- 450 by NADPH in .the 

3 week old hypothyroid rat and had no effect in the chrome ltyperthyroid 

rat. These observations indicate that a euthyroid state may be necessary 

for subs trate enhancement of NADH-I cytochrome P- 450 reductase acti vi ty . 

The data dennnstrate that the thyroid honnone significantly influences 

the developJOOnt of NADPI-l cytochrorne P-450 reductase. Thyroid honnone ma~ be . 

an important regulator in the developrent of hepatie microsomal eleetron trans-

port and substrate oxidative enzymes. 

,1 
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INfRODUCnON 

, 
The reduction of c1tochrome P-450 by NADR-I is one of the rnost 

important' steps in nUcrosomal hydroxylàtion rea~tions (Dii~~ et al., 1970). 
, --

Evidence has been presented that ~e rate of reduction of cytochroJre P-450 

by NADPH often expressed as NADPH cytochrome P-4S0 reductase activity is 

rate l~iting ·in the reactions catalyzed by the hepatic microsoma1 mixed 

ftmction oxidase system in the adult rat (Gigon et al., 1968; Gi~on et al., 

1969; Gram et al., 1968). The N-c1emethy1ation of ethy~ morphine by li ver 

microsomes is more c10sely related to NADPH cytochrome, P-450 reductase, 

activity than to the aJOOlIDt Qf cytochrome P-450', the binding of substrate 

to cytochro1re P-4S0 as tneasured by the .magnitude of the spectral change, or 

the acti vi ty of NADPH cytochrome c reductase (Pol tz.rnm1 et al.; 1968). 

The activity of hepatic microsomal substrate oxidative enzymes is 

deficient in the newborn animal (Fouts and Adamson, 1959; Jondorf et al., 
, 

1959), relative to the adult animal of the same species. The activity in-
or', 

creases postnatally, approaching adult 'level of activity by approximately 

3 to 5 ~eeks (MacLeod et al., 1972; Fouts and Devereux, 1972). The increase 

-in substrat~ oxidative capacity is para1lelled by an increase in the activity . 
of NADPH' cytochrome P-450 reduétase (MacLeod et al., 1972). Since () the NADPH 

cytochrome P-450 reductase is the possible rater limiting step in microsomal 

hydroxylation reactions (Diehl et al., 1970), it is ÙTIportant to study possible 

factors that may influence the postnatal development of this teductase activity .. 

Studies in our 1aboratory (Aranda and r~de, 1974) demonstrated that 

thyroid honrone or lack thereof significantly influenced the rate of NADffi 

and' substrate oxidation, the rate of NADPH cytochrome c reduction and the 
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content 01 cytochrorne P-4S0 oin the immature male' rats. The possibili ty, . 
that thyroid honrone rnight aiso' influençe the acti vi ty of NADPH cytochrolÎlè 

, 

P-4S0 reductase was therefore tested in the present study,in which the rate 

of reduction of cytothrrnœ P-4S0 by NADPH was rneasured in hepatic mi~rosarnes 

from thyroxin treated and in radiothyroidectomized iJTJ11:Cltur~ male rats. The 

rate of substrate enhanced reduction of cytocJ;1rOToo P-4S0 by NADPH was aiso 
, 1 

rneaslITed. 

(' 

MATERIALS AND ME'IHODS 

Adult and irrmature J!laie Sprague-Dawley 'rats ohtained from Canadian 

Breeding Fanns (St. Constant, Que.) were ~ed in this study. The adult rats 

were at 1east 10 weeks of age and weighed between 3.00-340 grams. Pregnant 

femaie rats, bred at the Canadian Breeding Fanns, were brought to the Iabora

tory orY the' day of parturition at which time the male Iitters were segregated 

wi th their rothers and were used fer the experirnents. Nothers and litters 

were maintained at the McGill University Mclntyre Animal Centre and the li tters 

were weaned at 21 days of age. The diet for the nur'sin!! rnothers and for the 
. 

weaned lïtters consisted of Purina Lab Rat chow and water ad libitum. For the 

developrnentai pattern of NADPH cytochrome P-4S0 reductase activity, normal 

male rats were sacrificed at birth, l, 3, 5 and 10 weeks of age. The devêlop

mental pattern in fernale rats was not studied. 

The effect of thyroid hormone on the rate Qf reduction of cytochrorne 
, 

P-4S0 by NADPH was studi~ and the rats were divided into four major groups: 

" 
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) Group Thyroid Treatment Aminopyrine in vitro 

1. Control 0 0 

0 1nt.1 

II. HrJ>?thyroid 0 • 0 

0 1mM 
+ 0 
+ 

1... 
lrrM 

III. Chronic 
hyperthyroid + -0 î 

+ . 1mM 

IV. Neonata1 
hyperthyroid + 0 

+ < • 
lrrM 

Hypothyroidism was produced by thytoidectomy emp10ying radioact;ve 

1311 (New Eng1and ~lear, Boston, Mass.) as described by Gb1dberg (1949). 

One hundred t.C of 1311 wàs subcutaneouS1y'administe;ed to newborn rats with

in 18 hours from birth. These rats were 1ater ki11ed at 3 and 5 weeks of 

age. Replacement therapy using L-thyroxin 1 ug/gram hody weight dai1y for 

7 days was injected subcutaneous1y to a group of nypothyroid rats prior ta 

sacrifice at age 3 and 5 weeks. 

To determine ~ffect of surgi cal thrroidectomy as compared to 

radiothyroidectomy by 131 r , surgica1 thyroidectomy was performed on a group 
. .., 

of wearling rats (ages 3 to 4 weeks) tmder ether anesthe$ia. These rats were 

allowed to survive until 6 w~eks post-thyroidectomy. 

In the experiments on chronic hyperthyroid state, immature rats were 

given a dai1y subcutaneous injection of L-thyroxin (Sigma Laboratories, St. 

Louis, Missouri) at a dose of 1 ug/gram body weight starting at birth. L-

> 
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thyroxin was dissolved in 0.01 N NaŒ-I and the' concentration was adjusted 

/ 50 that in all experi.Jœnts the voltune injected ranged from O. OS ml to, 0.1 

ml to rats frorn birth to 3 weeks of age, 0.1 ml to 0.3 ml from 3 weeks ta 

" 

5 weeks of age and 0 .. 5 ml in adults. Initial experirne~ts :ln our l~oratory .. 
showed no effect on the parameters studied when 0.01 N, was ~;ubcutaneously 

administered at the volume~ ëqui valent t,o the thyroxin solutions ~ed, -and 

therefore the control values were obtained from untreated rats of' corresponding . ,-

'ages matched wi th the ,thyroxin treated group. Groups of ill1T\ature ra~s from 
Q , l " 

1 

these tmtreated and thyroxin treated rats (1 ug/g body weight daï'ly) were 

sequentially killed at ages 3 and 5 weeks'. 
, . 

Té> de termine the effect of hyperthyroidism during the early neonatal 

period (first five days of age), neonatal hyperthyroid state was produced by 

subcutaneous injection (at the nape of the neck) of L-thyroxin 100 ug/day for . ' 

the first 5 days of postnatal life.' Treatment was started wi th in 18 hourS! ' 
" 

from birth. To determi~ whether an early neonatal hyperthyroid state would 

al ter the response of the rat ta thyroxin at a later age, addi tional thyroxin 

doses (booster dose) of 1 ug/g body weight/day for three days were administered to 

these neonatally hyperthyroid rats p~ior to 'sacrifice at age 3 weeks and 5 weeks. 

In ail experinents on the inmaturé animaIs, oné or more PUps wëre 

randomly selected from different li tters of same trea~rnent group ~o that at 

any given age the mean value .was derived from a number of indiv'idual d,eter-· 

minations. F~ch determination performed in the newborns represents a single 

value derived from the livers of four littennates pooled pri01; to homogeniza-

'tion. At one and two weeks of age, livers from three to four litterrnates were 

pooled and thereafter individual livers were uc;cd . 
1 • 
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Anima.1s of desi~d, age were sacrificed by decapitation fo~lOW'ed by 

exsanguination. Livers were immediately excised'and horno~enized on ice-c~ld 
c 

0.1 M phosphate buffer, pH 7.4 using 4 vohunes per unit weight for 30 seconds 
l . 

\t in a high' speed Sorva1l Omni -:Mixer (Sorva1 Co., Conn.). AlI subsequent pro"-

o and 4~ C. q cedures were carried out hrtween 0 C . 
1 

1 The hqroo~enate was- eentrifuged at 10,000 x gr', fbr 10 minutes in a ref-z:i _ J 

gerated centrifuge. The 10,000 x g supernatant was carefu1ly rernoVed a~oiding . ..,. 

any contandnation by the loosely pac}ed pellet at the bot~m or the fatty 

layer at the top of the centrifuge tube. Thé 10 ,000x gsupernatant was centri-
- " 

fuged aL 100,000 x g for 60 minute"s in a Beckman L3-40 refrigerated ultra-

centrifuge. The rnicrosoma1 pellet obtained was separated from its glycogen 

layer and ,resuspended in iee-cold buffer usin~ a glass homogenizer with a.. 

Teflon pestle (Arthur H. Thomas Co., Philadelphia, Pa.) and using a voltnne of 

buffe\ sufficient to provide a final protein concentration of 30 to 40 mg/ml. 

Protein concentration of the suSpension was detennined by the biuret rnethod 

(Kabat and Mayer, 1964). 

NADPH cytochrome P-450 reductase acti vi ty was detennined by f;ollawing the 
\ 

absorbance change at 450 nrn (in a Beckman DBGI' recording speetrophotorneter) 

when carbon roonoxide saturated rnictosomes were reduced by NADPll in a rnodIfica, 
\ 

tion of the lOOthod described by Gigon et al. (1968). Carbon rnonoxide which 

was demcygenated by passage through an oalka1ine dithionite solution (0.05% 

soditnn anthraquinones beta sulfonate and 0.5% soditnn dithionite in 0.1 N 

soditnn hydro~ide) was bubbled ~or 5 minutes through a mierosornal sùSpension 

containing 5 mg of p~tein per ml of o.. ~ M phosphate, b1(ffer (pH 7.4). TInee 

ml of the suspension was then transferred to an anaerobie Ammeo cel1 (A1-

65085) and a pltmger assernb1y eontaining 2 umo1es of NADPH in 50 u1 of b\lffer 



• 
- 110 -

~ 

MS.III 

1 . 
was '~1tted to the cuvette. Carbon mono~ide was passed"through the air space 

l, 

wit4,in the cell for an additional 3 minutes (di~:f"4sion of cO' in the suspension 

was enhanced ~y use of a struf.L1 magnetic stirring bar) and placed in' a spectro

. 'pMtornete; Where it was allowed to equilibrate' for 2 minutes 'at 370 C. The , ~ . , , 

ref~rence. cè11 contained an mtreated micros~1 suspension of identical protein 

concentration. The pIu:nger was depressed and the change in absorbance at 450 

nrn wi~ thé rapid appearance of a CO-reduced cytochrome P-4S0 comp1ex was 
1 

recordecl. on chart! paper IOOving at 10 inèhes per minute: The velocity <ff the, 
. .. 

reaction was detennined from the slope of the ini ~ial lin~ar phase after addi-

tion of NADPH. In our experiments, this phase was complete in 6 seconds. 

The aminopyrine-enhanced rate of cytochrome P-4S0 reduction by NADPH 
, ~ 

was ~asur~d, in a rnarmer identica1 to that just described, except that arnino
-J ,. 
pyrine was added to the lnicrosoma1 suspension to a final· concentration, of 

1 rrM. Th'e protein concentration of the microsorriâ.1 suspension was again 5 mg 

per ml. 1· 
Sennn thyroxin levels were rneastU'ed to document the degree of thyrOld 

J 

aysfunction and these have been desctibed elsewhere (Aranda and Eade, 1974a). 
, ' 

SttPent '5 t test fol' 'lUlpaired data was used for s tatistical analysis. 

A level of significance was accepted at p<O.OS. 

RESULTS 

Developrnerit' of substrate,and non-substrate enhanced NADPH cytochrome P-450 

reductase activity 

The rate' of reduction of cytochrome P-450 by NADPH wi th or without 

aminopyrine added to the rnicrbsores in vitro was measured from liver microsornes 
J 

/ 
1 
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obtain~d frorn tmtreated rats frorn birth, to 5 lkeks bf age artd compared to 
, , 

adult rat (~O weeks old). The results are ,shown in Fig. 1. At birth, 

negllgible activity of non-substrate enhanced NADPH cytochrorne P-4S0 redoc-. , 

tase ~as noted .crne~'~, SIM :/0',180 ±" 0,030 ,ruoo1es x min -1 x" mg -1 p~otein). 
The activity.increas f~ve-fo1d at five ~eeks (rnean i' SIM = 1.020 ± O.Ï66 

,jl 

ruOOles x ~-'1 x mg -1 prote in) , however, this' increased actiyity was Ohly 
""" .' . 

ha1f of that obser-ve~'in<adu1t rats '(mean ± SEM = 1.954 ± 0.166 nmo1ès x 

. -1 -1' . man x mg , proteln). 
~ .', ' 

"'" /11 'ijle addition of 1 mM arn!-nopyrine enhanced the rate of reduction o'f 
,1. , 

, cytochrome P-450 by NADPH'in the 1 and 5 week old but not in the 3 week old 
. 

immàt4re ra~ig.,l). 'Sirni1ar 1enhancement ~as a1so noted in the adult.rat, 

l' 
The arninopyrine-eriHanced NADPH cytochrçme P-450 reductase activity at 5 weeks 

was equivalent t? the non-s~strate e~anced cytoch~me F-450 redu~tase 

ac~ivity in the adult rat. 

li. 

.' , e 
Effect of hrpothyroidism. chronic hyperthyroidism and, néonatal thyroxin , 

. ~erapy on 'the âe've loprne~ of non -sub~ tra'te enhan~ed NADPI l cy~o~Drorne ~- ~50 
reductase activity , 

~ , 
J'he effects of these state of thyroid dysftmction on NADPH cytoc;hrome 

P-4S0 reductase ~ctivity are ShCMIl in TÇÙJle 1. At 3 weeks of age a. two-fold .' 
, ' 

and a 3~3.fold increase in NADPH cytoChrame P-450 reductase activity was ob
..-' 

served in the hypothyroid animaIs with'ano without thyroid hormone replacement 
'1 • ," ~ 

therapy respectively, A 2.8 fold ,increase was observed in. the group that...was 

chronicqlly treated with thyroxin, and a 3.7 fald increase was observed in 

the neonata11y treated, rats. This. increased' acti vi ty o-flNADPIT cytochrorne P- 450 



• 

c ' 

MS. III 
û' 

~~ 

- H2 -

. . 

red~tase among the rats witlf thyroid dysfunction"was si~ificantly different 

CP < P.095) cornpared to the' contful grotip . 

. ' '. At 5 we:ks, of age, a ·signifiC~ fncrease wa~ noted ooly in the hypo-~ 
, , ... 

thyroid rats and in the 'thyroxin, neonatally treated group as compared wi th , 0' .. 
- the age-matched cpntrol group CP < 0.05). 

o • 

Effect, of'hyPothyroidiSJ1l, chronic hyperthytoidi~ and neonatal thyroxin therapy . 
, i 

-on the development of ~nOpyrin~-enhanced NA.DPH cytochrome P-4S0 reductase 

actiJt;: " . -, • " . 

The effects of these stat~s of thyroid dysftmction on °aminoryrinè enhance,d 
, . 

~PH cytochrome P-4~O reductase activity are shown in Table 2. At,3 weeks, a 

1.5 fold and '1. 6 fold increà§e was obse,rved in the hypothyroid rat wi th and . , -
,wi thout thyroxin replacement therapy respecti vely . A' 2.3 fold increase was ob-

q • 

served in the group that was chronic:illy treated with thyro~in daily. A 2.5 0 

fold increase and the greatest incre_asè was noted 'in the neonatally treated 
. . 

group. AU of these increases in acti vi ty of' aminopyrine enhanced NADPH cyto-
l 

chrome P-450 reductase activity weré significantly different from control group 

CP < 0.05). 

At 5 weeks of age, there was a significant d~crease in the ~nopyrine 

enhancéd NADPH cytochtome 'P"4S0" reductase ~cti vi ty in the' hypothyroid rat ~ich 

was rev.ersed by replacement therapy wi th 'thyroxin for one week. The increase 

in activity of aminopyrine enhanced NADPHocytQchrome P-450 reductase noted at 
0, 

3 weeks in the neonatally treated rat 'was sustained at the sarne Ievel in the 

5 week old neonatally treated rat. 

! 

• c 

c 
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1 
Effect of surgi cal thyroidectomy on NADm cytOchrome P-4S0 reductase activÜ:y 

- , 

• Liver microsomes from adult male rats that were stn'gically thyroidec-. . 
tomized during the .weaning period showed no signifiant difference from age 

matched control group as shown in Table 3.. HÇ)Wever J i t is possible that 

significant changes may haY)occurred in the interval between surgical 
- -

thyroidectœty and the tirne of the assay as noted in adul t rats (Suzulci et al. J 

Q 

1967) ." 

Effect of substrate added in vitro on ~e reduction of cytochrorœ P-450 by 

NADm, in hrpothyroid, hyPerthyroid and thyroxin-neonata11y treated young 
/' 

rats 

The effect of 1 x 10 -3 M aminopyrine added .!!2 vitro on the acti vi ty 

of NADPH cytochrome P4S0 'reductase in euthyroM state and in a1tered 

thYroid state is shawn in Fig. 2. 
. ~. 

In the nonna1 rat, a significant increase 

in NADPH cytochrame P-4S0 reductase activity was noted at 5 weeks When amino-
1 
1 

pyrine was added in vi tro ~ Conversely, the hypothyroid rat showed a decrease 

in NADFH cytochr~ P-450 reductase activity when aminopyrine was added in 

vi tro • This decreased noted in the hypothyroid nrt was reversed wi th the 

administration of replacement doses of thyroxin given for a period of one 

week. 

The rats treated with thyroxin during the neonatal period showed a 
. . 

significant increase in NADPH cytochrome P-450 reductase activity When amino-

pyrine was added in vitro. In contrast, rats treated wi th thyroxin chronical1y 

(1 ug daily) showed no significant change with the in vitro addition of 

. . 
anunopyrlne . • 

.' 

.. 
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DISŒSSION 

The capaci ty for NADPH reduction of the terminal heJOOoxygenase in

creases 'progressively wi th advancing 'post-natal age. 'l11e da:ta in this stuly 
r 

dem:mstrate that in the male- Sprague-Dawley rat, a full adult comp1~ent of" 
" } 

NADPH cytochrorne P~4S0 reductase activity is not attained by 5 weeks. This 

observation contrasts significant1y with the data obtained from pigs (Short 
~ ~ 

and Stith, 1973) and rabbits (Fouts and Devereux, 1972) where NADPH cytochrome 

P-450 reductase approached adult 1eve1 of activi,ty by approximatJ1y 2 weeks of 

~age. Studies in our 1abor?tory using ~r1es- River Long Evans rats showed 

. that adu1t activity of NADNJ cytochro~ P-450 reductase is attained at 5 weeks 
1 

in the male rat and at 4 weeks in the ferna1e rat (MacLeod et al., 1972). The 
~ t -- . 
~iscrepancy between the maturationa1 pattern of NADPH cytochrome P-4S0 reduc-

tion previous1y reported (MacLeod et al., 1972} Fouts and Devereux:, 1972; , -- ;- " 

Short and Stith, 1973) and in the present study may he due to species and 
... 

strain variation. 

The in vitro additjon of aminopyrine 1 nN concentration to the hepatic 

rnicrosomes obtained from adu1t rats significantly enhanced the rate "Of reduc

tion of cytochrorre P-450 by NADPH. These ?bservationr are in accord with the 

findings of Gigon et al. (1969). Similar 'aminopyrine-enhancement in NAD Pl 1 

cytochrome P-4S0 reduction was observed in the one week and 5 week old r~t 

but not in the 3 week old rat. The latter observation suggests an age related 

... 

responsiveness of NADPH cytochrome P-4S0 reductase to the effect of aminopyrjne. 

A rnarked variability in the response of the hepatic microsorna1 mixed 

furiCtion oxidase system to induction or inhibition by various exogenous and 

endogenous substrates as a ftmction of ag~, have been reported (Hart, 1962; 
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Basu, 1971; Aranda, 1974b). Thus, the intrinsic sensitivity of the hepatic 

microsornal enzymes to the effects of drugs is detennined to a large extent 

by the age at which the diug is administered. 

The possible role of the thyroid hormone in the ontogene~is of the 

hepatic rndcrosoma1 drug oxidative enzymes and the rnicrosoma1 e1ectron tr~ 

port components have been dernonstrated by previous studies in our laboratory 

(Aranda and Eade, 1974a). The ef~ct of thyroid hormone on the development 
• 

of NADPlI cytochrome P-450 reductase is examined in the present study. The 

data dernonstrate that deviation from euthyroid state resu1ts in a1tered 

activity of NADffi cytochrome P-450 reductase. At three weeks of age the 

aèti vi ty of the reductase was increased in the hypothyroid rats. This in-

crease was partIy reversed by thyroxin replacement the'rapy (Table 1). Chronic 

thyroid treatment and neonata1 thyroxin therapy both resu1ted in significant 

increase in the reduction of P-450 (Tah1e 1). The observed increases of P-450 

reductase in both hypothyroid and hyperthyroid rats contrast to the findings 

observed in other e1ectron transport comnonents ln simi1ar states of thyroid 

dysfunction (Aranda and Eade, 19741). Whereas cytochrorne P-450 was increased 

and NADPH cytochrome c reductase. was. decreased in hypothyroidism, cytochrome 

P-450 was decreased and NADPH cytochrome c reductase was increased in hyper

thyroidisrn (Aranda and Eade, 1974a). It is possible that the increased reduc

tion of cytochrome P-4S0 by NADPH in hypothyroidism rnay reflect the availability 

of more cytochrorne P-450 for reduction. In contrast, the possibility also 

exists that tn~ increased reduction of cytochrome P-450 by NADPH in hyper

thyroidisrn may reflect the greater effectiveness in the uti1ization of de

creased cytochrorne P-4S0 content for reduction. Thus, a1though there is a 

marked1y decreased cytochrome P-450 content in chronic thyroid treatment, the 
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percent age of the total amotmt of cytochrorne P-4S0 that is effectively 

reduced for ultimate drug oxidation rnay be rnuch higher. This pQssibility 

rnay be resolved by the determination of the percent age of P-4S0 reducible 

by NADPH for a give~ime. 

Biochemical adaptation to thyroid dysfunction as a function of the 
J 

duration of the latter may cic'cur. In accordance with observations by 

Suzuki et al. (1967) wherein sore microsomal electron transport components 

increased after an initial decrease following surgical thyroidectomy, NADPH 

cytochrome ~-4S0 reductase from liver microsomes of rats treated chronically 

with thyroxin was equiactive to the reductase of euthyroid control rats at 

5 weeks of age. This adaptation to thyroid dysfunction maJ partly explain 

the 1ack of change of NADffi cytochrome c reductase acti vi ty in surgica11y 

thyroidectorrdzed adult rats CTable~3) cornpared to euthyroid rats. 

Thyroid dysfunction influences the effect of aminopyrine added in 

vitro to NADPH cytochrome P-450 reductase (Fig. 2). In the normal 5 week -old rat, arndnopyrine significantly enhanced the reduction of cytochrome P-450 

by NADPH. Similar observations were noted in the 5 week old neonatally 

thyroxin treatéd rat. In contrast aminopyrine decreased the reduction of 

cytochrome P-4S0 by NADPH in the 3 week old hypothyroid rat. These observa-

tions suggest that a euthyroid state may be necessary for substrate enhance-
" 

ment to occur. Purthermore, the substrate enhanced cytochrome P-450 reduc

tion is significant1y lower in the 5 week old hypothyroid and hyperthyroid 

rat compared to the euthyroid control rat (Table 2). 

The data in this study demonstrate that thyroid hormone significantly 

influences the deve10prent of NADPfl cytochrome P-450 reductase. To our know-
1 1 

ledge, the study also pr~sents the first determination of the normal age 

related changes in substrate enhanced P-4S0 reduction by NADPH. 
1 
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FIGURE 1. The developrnent of substrate and non·substrate enhanced 

NADPH cytoch~ame P-450 reductase activity in male rats . 
.. 

Liver micto~omes were obtained from normal rats and

determinations (shown by nlDTlhers in parentheses) of NADPH éytochrome . ' 

P-450 reductase with or without the additiori of 1 nf..1 aminopyrine· in 

vitro were perfonœd. Values are mean t SFM. 

a: indicates significant difference Cp < e. 05) between the deter-" 

minations perfonned wi th and wi thout aminopyrine wi thin the same 
-..../ 

, age group. 

Ir 

1 

• 

, 



• 
.!: .3.0 
• -o . .. 

Do. -1 Ut 2.5 
E 

)( -le 
~.O 
)( 

." • '" .; 1.5 
• .~ 
o 
lit 

~ 1.0 

• E 
o .. 
~ 0.5 
o ->-

V 

., 

- 117 -

IIlmM Aminopyrine 

D No Substrate 

a' 

a 

; 0 .... (_1_2_) ...L..--~-----'WLL--~rL...&..-f f---A------~--o 0 
E 
e 

1 3 5 
Age (Weeks) 

10 

'. 

" 



" 

,-

\ 

MS. III 
, 1 

.; FIGURE 2: The effect of aminopyr~ne added !,!!. vitro on NADPH cytoch~ P-450 

reductase açti vi ty in lmnature male rats wi th, and wi th

~ thyroid dysfmction. 

HYPothyroidism was producedny radiothyroidectomf.with 

1311 at bir,th. Replacement thérapy with L-thyroxin(lug/g body we~ght 

per clay for one week) was gi ven to the hypothyroid + T 4 group. Treat .... 

rent wi th ,L-thyroxin (100 ug/ day fran birth to 5 days of age) was 

given to the neonatal T4 'group. 
1 \' 

Chronic hyperthyroidism (chronic T4 , 
\ 

group) was produced by' dai1y stibcutaneous injection of L-thyroxin 

'1 ug/ g body weight per day. 

Values are rean ± S}M and mDJlbers in parentheses indicate 

'indi vi dual detenninations. 

a: indicates p < 0.05 and 

1 b: lndicates p < 0.01 between the detenninations with and without 

aminop~ine addition in vitr9 within the same group. 

, . 

, , 
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MS. III • TABLE 1: The ef~ect of hypothyroidit;m, chronic hyperthyroidism and 1 
neonatal thyroxin therapy on non!:substrate enhanced NADPH 

, cytochrome P- 450 reductasé acti vi ty in yOtD1~ i rats • 

• 
AGE GROUP CY1'OCHRCJ.1E p- 450 REDUCED 

x rnin-1 x rng- l protein 

1 week Control 0.43~:!: 0.044 (6) 

3 weeks Control 0.585 :t 0.110 (6) 

Hypothyroid 1.927 * 0.159 (6)b 

Hypothyroid T4 1.202 :!" 0.099 (6)1? 

Neonatal T4 2.145 :t 10.308 (5)b 

Chronic T4 1.627 :t 0.230 (5)b • 

5 weeks Control 1.0,20 :t 0.166 (5) 

Hypothyroid '1.677 ± 0.220 (6)a 

1'" Hypothyroid T4 0.885 t 0.466 (6) 

Neonatal T4 1.538 ~.O86 (5)a 

Chronic T4 1.168:t .056 (5) 

10 weeks Control 1. 954 :t 0.166 (J.5) 

a: p < 0.05; b: p < 0.01, compared J age-matcherl' control ... 

1 

-' 

• J. 
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TABLE- 2: The effect of hypothyroidism, chronic hyperthyroidisin and 

neanatal thyroxin therapy,on substrate enhanced reduction , 
, 

of cytochrome P- 450 in yomg râts. 

or CYTOCHRCNE p- 450, RFDUCED 
AGE GROUP x min-1 x m8~1 prote in 

e.~ 

1 week Control 0.731 ! 0.119 (6) 

3 weeks Control 0.850. ~ 0.102 (6) 

Hypothyroid 1:399 + 0.144 (6)a. 
, -

Hypothyroid T4 1. 297 + 0.110 (6)a l 

> (4)b Neonat.a1 T4 2.1,21 +.0.341 -
Chronic T4 1.945 ~ 0.348 (4)a 

5 weeks - Control 1. 757 ! 0.200 (4) 

Hypothyroid 1.151 + 0.135 (5)a 

J-lypothyroid: T4 1. 448.. ~ 0.191 (5) 
- .... 

Neonata1 T4 2.178 ~ 0.206 (5) . 
Chronic T4 1.011 ! 0.155 , (4)a 

10 Weeks Control 2.720 t O. 3r3 (9) 

a: p < O. OS; b: p< 0.01, cornpared to control group of 

similar age. 
,) 

, ln . ' . . . 
.;~ 

.1. 

,( 

, 
• 

\ " 

0: 
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TABLE 3: The reduction of cytochrome P-:'450 in surgica11y thyroidec-

1" lomized adu1t rats. 

Rats were thyroidectamiz~d at age 4 ~eks (post-we~ing) 

and allowed to survive tmti1 age 10 week!j. Ya1ues represent meah + 
, 

sat Numbers in parentheses indicate ntmber of rats in~iv:idua11y 
, . 

sttdied. , . 
" " 

,. 

Group 

Control" 

C)rtochrome P-450 reducèd x min- 1 x mg-1 Erotein ' 
• "" 0 l ' ~ ~ 

Thyroidect 

) 
/ 

1. 954 ! 0.16() (15) " 
. ... ç 

, 2:103 ! 0.369 

. . 

1 

, . 
'. 

, . . 

(6) 

. , 

-

\. , 
'<J

j 

," 

, . ,",,, 

,/, 

'" 

\. 

~ 

~ 

• • , . 
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AmlTRACT 

-To de termine whether postnatal age exerts quantitative and 

qualitative (induction or inhibition) effects in the response of hepatic , 

microsoma1 mixed·function oxidase system (HMMFO) to drugs, 
/ ~ 

thyroxin (T4) , known to .lnduce enzyme maturation, was given in 

equivalent doses of l ug/g/day for 3 days to male rats of varying 

ages (birth to 10 weeks) fo11owed by measurements of the component 

enzymes of I-M1FO and substrate oxidations. Untreated rat;s of corresponding 

ages served as contro1s. The results show varying responses of 

fM,1FQ to T4 as a ftmction of age. T4 decreased aminopyrine N

demethy1ase activity at 1-') weeks, had no effect at 4 weeks,,, and induced 

the same enzymeoat S-lO'weeks. Opposite effects were noted with aniline 

p-hydro~se, where induction was notéd from 3 days to '4 weeks fo11owed . . 
" by inhibition at 5-10 \veeks. / Induction of NADPH oxidase was noted 

on1y at ages 3 days and 4 weeks. NADPH cytochrome c reductase was 

highly inducible at aIl ages except at age ) weeks. Cytochrome 

P-450 was inhibited at aIl ages. The data show that the enzyme~ 

titres achieved in resoonse to T4 is dependent on age. Where in.Juction

is desirable the effectiveness of indl~tion may depend on the age 

at which the inducer is administered . 

" 

./ 

'. 



• 

. / 

• 

- 125 -

MS. IV 

INTROIXJCfION 

, 
Age is a major detenninaTlt in the response of an organism 

to, drug~ and other substrates as evidenced by increased sensitivity of the 

developing fetus and newborn infant to the effects of many phannaco1ogi 
, 1'\. 

agents (Nyhan, 1961, fune, 1964, Go1dentha1 :-197l) campared to 

adults. Furthennore, age also ai>pears to be a major detenninant -in 

the quantitative and perhaps qualitative response to an inducing 

agent (Hospador and Manthei, 1968, Hospador et al., 1971). The 

quantitative difference in the response of 'the microsoma1 drug 

metabo1izing systems as a function of age is evidenced by 50 to 

200% greater iniucibility of biphenyl-4-hydroxy1ase, biphenyl-2-

hydroxy1ase, p-nitrobenzoate reductase and cytochrome P-450 by 

phenobarhita1 in 12 day old rat campare0 to 52 day old rats (Basu et 

al., 1971). Simi1ar age-re1ated responsiveness to phenobarbital has 
- 1 

been demànstrated with a greater induction of aminopyrine N-

demethylation, hexobarbital hydroxylatioTl, aniline p-hydroxylation 

and p-nitrobenzoate reduction in 40 day old rats compared to older 

animals (Kato and Takanaka, 1968), thus suggesting that Umnature rats 

are intrinsically more responsive to enzyme induction. 

Within the period of deve1opment, wherein severa1 biochemical 

adaptive changes occur, there is a probable au~ented variabil1 ty 

in the respons~ of d~lg metabo1izing enzY(e system ta induction. 

oXidative enzymes for hexobarbital and aminopyrine in fetal rahbits 

r 
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studied 4 to 8 days prior to term were refractory to-phenobarbital 

induction, whereas these same enzymes were readily inducible after 

birth (~art et al., 1962). These observations imply that the effect

iveness of induction markeàly depend~ uron the age at which the 

inducing agent is administered. 

Previous studies involving the ontogenesis of the hepatic 

microsanal drug metabo1izing enzymes in our 1aboratory (J\randa 

and Eade, 1974) have provided evidence that thyroid hormone induces 

the maturation of NADPH cytochrame c reductase and the dtfferentlation 

of aniline p-hydroxy1ase in the male rats. Suggestive evide~ce of 

an age-re1ated effect-of thyroxin on the hepatic microsoma1 drug 

oxièative enzymes was also rlemonstraterl. Male rats treated with 
/ 

thyroxin during the neonatal period showed no effect on NADPfl 

cytochrome c reductase hy a~ additiona1 dose of thyroxin at ~ weeks , 

whcreas a superinduction was noted hy an equivalent dose of thyroxin 

at 5 weeks indicating that the magnitude of the response ta thyroxin 

is dependent upon the age at \vtlich thyroxin was admmistered. The 

decrease in aminopyrine N-demethylase activity by thyroxln 

administered at 3 weeks and the slight increased activity of the 

same enzyme at 5 weeks (Aranda and Rade, 1974) suggested that thyroxin 

may exert converse effects (induction or inhibition) depending upon 

the age at which it was administered. This.study was performed to 

define the quantitative and qualitative (inhibitlon or induction) 

effects of thyroxin on substrate oxidation and the various components 

of the hcpatic microsomal dnlg oxidative enzymes, as a function of , 

postnatal age. 

f 
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MATERIALS AND METHODS 

Male Sprague-Daw1ey rats obtained frgm Canadian Breeding 
\ 

Earms (St. Constant, Que.) were used in this' study. Adult male 

rats were at 1east 10 weeks of age and weighed between 300-340 grams. ' 

Female adult rats were bred at the Canadian Breeding Farms and brought 

to the laboratory on the clay of parturition at,which time the male 

litters were segregated with their mothers and were used for the 

extriments. Mothers ~n litters were maintained at 't]e MCG~ 
Un'versity M:Intyre Animal Centre and in all cases the lit.tels were' 

weaned at 21 days of age. The 'diet tor the nursing mo hers and for 

the weaned litters consisted of Purina Lab ~at chow and water ad 

libitun. 

To determine the influence of age on the effect of thy~oxin 

on substrate oxidations and on the components of the microsomal 

electron transport chain, male rats of various ages were g.iven the 

same subcutaneous ~~se of L-thyroxin (Sigma, St. Louis, Mo.) 

1 ug/g body Weigh!per day for three days prior to sacrifice'. / L

thyroxin was dissflved in O. al N NaOH and the concentration was ' 

adjusted 50 that ~ aIl experiments the vo!um~ injècted ranged fram 
, "li 

0.05 ml to 0.1 ml to rats from birth to 3 weeks of age, 0.1 ml to 
, 

0.3 ml from 3 weeks to 5 weeks of age and 0.5 ml in aclu;~. ~ese. 

rats were sacrificed at ages 3 <fays, l, 2, 3, 4" 5 and la' weeks. 

Untreated rats matched according to age served as controls. Since 

, 
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. 
initial experîments in our laboratorY showed na effect on the 

pararneters studied using subcutaneously achninistered 0.01 NaOO 

at the vol\mes injecterl, aIl of the control values were obtained 

fram untreated rats of corresponding ages, matched with the ~y+oxin 

treated group. 

Ta determine a possible difference in the sensitivity af 

the dIUg metabol i zing enzymes to thyroxin between the ymmg and 
... 

the adult animal, a dose re~ponse relationship was done using 

doses varying from 0.1 l~/g body weight ta la ug/g body weight/day 

administered for three days priar ta sacrifice ta one week old and 

10 week old rats. 
, 
" Ta determine further the di fference in the response of;-he 

drug metabo1izing enzymes to thyroxin between the young and the 

~dult ~ima1 as a ftmction of the duration of thyroid hormoné treat-
( 

ment, L-thyroxin at a dose of 1 ug/~ body weight/day was given ta 

one week old and la week old rats for a period varying fram 1 ta 7 

rlays prior to sacrifice. 

In aIl experimènts on the immature animaIs one or more pups 

were randomly selected fram different 1itters of the same treatment 

group 50 that at any given age the mean value was derived from a 

number of individual de te rminat ions . Ea0 netenninatlOn perfonned 

in th~ n~~~,rats represents a single value derived from'the l~vers 

of four httermâfes poo1ed prior, to homogenization. At one and two 

weeks of age, livers fram two ta three 1ittermates were poo1ed and 
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thereafter individual 1ivers were used. 

AnimaIs of desired age were sacrificed by decapitation 

foyowed by exsanguination. Livers, were inmediately excised and 

hOlnogenized on ice cold 0.1 M phosphate buff~r, pH 7.4 wing 4 

volumes per unit weight for 30 seconds in' a high speed Sorvall 
, . 

Qlmi -Mixer (Sorvall Co., Conn). AlI subsequent procedures were 
, . 0 0 

carried out between. 0 C and 4 C. 

The homogenate was centrifuged at 10,,000 x g. for 10 minutes 

in a refrigeraterl centrifuge. The 10, 000 x g supernatant was care

fully removed avoiding any contamination by'the loosely packed 
, . 

pellet at the bottom,or the fatty layer at the top of the centrifuge 

tube. The 10,000 x g sllncmatant was centrifuged at 100,000 x g for 

60 minutes in a Beckman L)-40 refr1gerated ultracentrifuge. The 

microsornal pellet obtained was separated from its glycogen layer and' 
f } 

resusnended in 'ice cold buffer using a glass homogenizer with a , 

Teflon pestle (Arthur H. Thomas Co~, Philadelphia, Pa.) and a volume 

of, buffer sufficient to provide a' final, protein concentration of 30 

to 40 mg per ml. Protein concentration of the suspension was 
, 

deterrnined by the biuret .method .(Kabat and Mayer, 1 qo 7) . 

NADPH oxidase activity was deterrnined by fo1lowing the 

absorbance change of NADPH at 34f) nrn by the method described hy 

Gillette, Brodle and LaDu (1957). NADPH cytochrorne c reductase 

activity was deterrnined by following the absor~?TIce change at 550 nm 

reflecting the appearance of reduced cytochrome cafter addition of 
1 

NADAI as described by Phillips and Langdon (196~). Cytochr.ome P-450 

" 1 

f, 
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concentration was ctetenniried by the rnethod of Qnura and Sato (1904) 

wi th a microsoma1 suspension containing 5 mg of protein per ml. 
1 • • 

1 

The activity of aminopyrine N-demethylase was detennined by 

measuring the production of formaldehyde fram aminopyrine as 

described by Cochin and Axelrod (19SQ). The reaction~rnixture contained 

0.1 ml of microsomal suspension, 36 l1mo1 o~ MgClZ' 24 ~mol of 

neutralized semicarbazide IICl, 40 ~~1 of nicotinamide; 0.66 ~mo1 of 

NADP+, 16 ~mol of sodüun isocitrate, O.5l-D1it of isocitric dehy~ 

drogenase and la ~mol of arninopyrine 'in a final volume of 2.0 ml 

of 0.1 M phosph~le buffer (pH 7.4). Nicotinamide has been reported 

to inhibit the mic~osomal N-demethylation of aminopyrine (Schenkman 

et al., ] 967) ~ut in our experiments addition of amOtmts up to 

100 ~mol had no such effeet. 

The aetivityof aniline p-hydroxy1ase was detennined using 

the above reaetion mixture minus semicarbazide and wi th 10 ~mol of , ' 

, l,· 

anili~e ~bstituted for 'aminopyrine. The production o~ p-aminophenol 

was measured as described by Kato and Gillette (1965) . 
. 

Difference spe~tra for aniline were detennined using the method 

of Séhenkman et al., 1967. 

Serun thyroxiH leve1s were/measured by competitlve protcin 

bind:ÏJ1g as described by Murphy and Pattee (1966). 

Students' test ·for mpaired data was used for statistiea~ 

anal,Ysis. A significant differenee was aecepted at p < O.OS • 

, 
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RESULTS 

Influence ot: age on the effect of thyroxin on type l and 

type II substrate oxiqation 

L-thyroxin a.qministered at ,the same dose (1 ug/g body wei~ht/ 

,day 'for 3 days) to rats of variou,s ages produced opposite effects 

on substrate oxidations as a flllcti0!1 of age (Fig. 1). Thyroxin 

significantly decreased the activity of aminonyrine N~demethylation 

at 1 to 3 weeks, did not affect the same oxidative enzyme at 4 weeks, 

and significantly increased it at 5 and 10 weeks. Conversely, thyroxin 
. 

significant1y increased the activity of aniline p-hydroxylase from 

birth ~ to \ weeks and then rlecreasen the same enzyme at 5 and 10 

weeks. When ~lotted as percentage di fference from age-Jl)3tched controls 
. 

as a function of age (Fig. 1) the opposite effects of thyroxin 

in aminopyrine N-demethylation and aniline p-hydroxylation was 

dernonstrated. 

) 

Influence of a e on the effect of th oxin on liver weI ht and 

ndcrosamal protein yield 

A significant oeFease in the liver weig11:ts of thyroxin 

treated rats was observed as shown in Tahle 1. This decrease in the 

1iver weight was observed at aIl ages cxcept at 3 days. This decrease 

in the 1iver,weight within a ~ day period and an abnost negligible ,. 
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g1ycogen deposit in the 100,000 x g peJ.t:~ sugge,st that most of the 

decrease in li ver weight is accomted for by tl1e increased brealcdown 

of glycogen by thyroxin. Indeed, it has been shawn that there is a 
, 

çeanplete absence of glycogen in thyrotoxicosis (Kimberg 1971, 

Coggeshall and Greene, 1933, Pipher and Paulsen, 1947). The , 

depletion of g1ycogen may also explain why thyroxin did not chang'e 

the liver weight at age 3 days. At birth most of the glycogen is 

utilized by the newbom to'maintain nonoog1yc6Ilia upon withdrawal 

of maternaI glucose 'supply (Adams, 1971, Senior, 1973). Thyroxin 

could not aep1ete what i5 not available. The effect of thyroid 

honnone on the microscmal prote in yield as a flllction of age was not 

as rernarkab1e as its effect on the liver weight. There was a significa.nt 

increase in the microsoma1 prote in yield per gram li ver at 2 and 

3 weeks only (Table 1). This variation may reflect the differences in 

the rate of protein synthesis as a flD1.ction of age C\'linick and Noble, 

1965, Winick and Noble, 1966, Yousef and Johnson, 1970, Waterlow and 
., 

Stephen, 1968, YOlmg et al., 1974} This May also aCCOl.m.t, in part, 

for; the alteration in liver weight seen i~ these experiment5. 

, 
Influence of age on the effect of thyroxin on micro500la1 electron 

transport 

Thyroxin administered for 3 days to rats of various ages 

re sulted in changes as shown in Table 2. NADPH oxidase acti vi ty was 
,. 

significant.ly increased àt 3 days and 4 weeks. NADPH cytochrorne C 

reductase activity lias significantly increased at aIl ages except at 

1 
- 1 
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3 days and at 3 weeks where i t appeared to be refraetory to the 

effeet of thyroxin. The terminal hemoxygenase eytoehrome P-4S0 

was significantly deereased at all ages. 

The effeet of various doses of th 

NADPH ochrome e reductase activit 
4!. • 

act1v1ty 

Table 3 shows the cornparison in the response of eytochrome 

P- 450, NADffi eytochrome c redllctase and aminopyrine N-demethylase 

activity to varying doses of thyroxin in irrDnature and adu1t rats. 

In the one week old rats a significant decrease in the cytochrome 

P-450 content was only demonstrated with the 1.0 mg/kg thyroxin 

dose whereas the adult rat showed a significant decrease in the 

hemoprotein with 'thyroxin doses of 0.1 mg/kg to 10.0 mg/kg. This 

findLîg indicates that the adult rat cytochrome P-4S0 is relatively 

more sensitive to thyroxin effeet. NADPlI cytochrOOle c reductase 

was significant1y increased in aIl doses of thyroxin used indicating 

c 

equisensitivity of NADPH cytochrome c reductase of both ages to thyroxin 

effect. The immature rats showed a decreased aminopyrine N
~ 

demethy1ation wi th 0.1 mg/kg and l. 0 mg/kg dose of thyroxin but no 
) 

signi ficant change at a high dose (10.0 mg/kg). In contrast, the 

adult rat showed an increase i~ aminopyrine N-demethylation with 0.1 mg/~g .. 
and l.0 mg/kg but no significant change at a high dose (10.0 mg/kg). 

This dose re1ated cffect of thyroxin" has been shown to occur with 

1 
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the érythrocyte 2,3-diphosphog1yceric acid synthesis (Snyder et al., 

1970) . 

Effect of age é;lIld thyroxin on aniline difference spectra 
, . 

1 

The opposite effect of aminopyrine N-demethylation (a type l 

substrate oxidation) and aniline p-hydroxylation Ca type II substrate 
'.t 

oxidation) suggested the pdssibility of substrate-cyto~hrome P-4S0 

binding interaction. Type II substrates s~ch as aniline exhibit a 

difference spectI1.D11 which :ls a "mirror- image" of a type l substrate 

such as aminopyrine (Schenkman et al., 1967). The fonner inhibits 

mixed flIDction oxidase activity whereas the latter stimulates its • 

own met.abo1ism o/ld enhances the 'reduction of cytochrome P-450 by 

NADffi (Gigon et al., 1968). Furthermore, aminopyrine, a type l 

substrate in t~e adu1t human and rat microsome (Pelkonen, 1973, 

Schenkman, 1967) exhibits a type II difference spectrum in the feta1 

human microsome (Yaffe, 1970). It seemed possible that aniline'acts 

.' 

as a type l COmpoLUl~ enhancing i ts own oxidation in the neonatal, period 

and thcn reverting to a c1assic type II spectrtnl later in the adult 

" 
period. To test this possibility, aniline difference spectra were 

performed on the hepatic microsomes of immature (one week old) anrl 

adult (10 wee~ old) rat with and without pretreatment with thyroxin. 

The difference spectra shown in FIg. 2, show that aniline exhibits 
r~ ; 

a type II spectrum in both the irranature and adu1 t 

decrease in the absorh$.ce change in the immature 

rat with an ~arent 

" J ~' a finding in 

1 
1 
1 

J 
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t 
accord with Eling et al., 1970. Thyroxin pretreatment resul ted in 

4f! 

an obliteration of the observed aniline difference spectnm in the • 

irronature animal and in a decreased absorbancc change in the adu11: 

animal. 'Thé latter observation is in accord with the decreased 
../' 

t,-OD max of aniline in thyroxin tteated adult rats shown by Kato' (1968). 
, , 

•• :> 

Influence of the duration of thyroxin therapy on NADPH cytochrome 

c redtIctase, cytochrorne P-450 and ammoDyrine N-demethylatlon in 

immature and adult male rats 

One week and ten week old rats were pretreated with thyroxin 
., . 

> l ug/g body weight per clay one to seven days prior to sacrifice. The 
1 ... ; , 

percentage difference in NADPH cytochrome c re~ctase act~vity, 

cytochromé,l-450 c<ljten,~ .and ~~pYrine N-demethyl,ation over age' 

matched nontreated control group was plotted as' a function of the duration 

of thyroxin treatment as shown in Figs. 3, 4 and 5 respectlve1y. , 

In the one "ek old- rat, NADPH cYtochrOOle c reductase activity (Fig. 3) 
, f 

rose significantly after one day of. therapy but appeared to reach 
, 

lower levels comnared to the aoult after one weck of thyroxln 

treatment. In contrast, the adult rat showed an initial slow rise 

with a significant increase over the non-thyroxin control group at 

3 days followed ,by a rapid increase thereafter ta levels greater than 

t~e young ra~. In the immature one week 'old'rat cytochrome P-450 

content was significantly increas~d after one clay theraRY followed 

" 
by a significant dectease in this hernoprbtein concentration after 

, , 
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3 days which persisted to seven days. In contrast, the adult 
~ 

rat showed an immediate 50% fall occurring mlring the first day\ 

of thyroxln treatment and remained at that decreased level'thr~ughout 

" the seven days of thyroxin treatment (Fig. 4). In "the young ''One 

;week old rat, aminopyrine N-demethylation was decreased aft,er 2 days 

of th~oxin thera~eaching a nadir at ~ days (-50% of control' 

value) then appeared to increase to near control values after 7 days ." 
~ 

of treatment. In con trast, 'the adu,o animal showed aI}. , in,itiçll increase 
, 1 

in aminopyrine N-demcthylasc activ~ty with a peak at threc days followed 

by a fall below control values after 5 Jays of thyroxjn therapy and 

a significant deèrease after 7 days. 
~ 

nrSClESION 

. . 
The weIl lmown altered sensitivity of thè' newbom infant and , 

immature animaIs to drugs has béen attribûted to a great extent ta 
• y r't 

" their alt~red eapability to han0le rlrugs as exempli fied by differences 

in protein binding (Krasner, 197~1/; dnlg rlistribution (Kufferberg 

and \~ay, 1965), deereased hepatic oxidative and eonjugative biotrans

fo~ing capacity (Aranda'et al., 1974, Fouts and Adamson, 19S9~ Yaffe 

~t a~., 1970, Pelkon~n et al., 1974, Weiss et al., 196n) and deereased 

ren~ excrètion of drug:-(Ba~ett et al., 1949~1ccracken et al., 197'~). 
IyI~S also been shown that the unmature rat has a greater tolera~ce 
fo the eHeet of thyroid honnone (Bodansky and Duff, 1936). The data 

in this study support this observation and also show that there is a 

mark~d difference bct~en the response of an inmature and an adult, / '. 

" . ' 
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, 
animal to the effect of 'thyroxin on the ijepatic microsoma1 drug 

oxidizing enzymes. The data further demonstrate that within the 
f) 

5 week postnatal period, dynamic variation~ on the responsiveness 
\ 

of the hepatic microsomal enzymes to thyrox'in occur. ThIS is best 

"" 'i1lustrated by the opposIte effect of elyroxin on hepatic microsomal 

aminopyrine N-demethylase and anilL~e p-hydroxylase activity as a 

function of age (Fig. 1). - This observation appears to be independent 

of substrate - cytochrome P-450 Interaction as sug~ested by the same 

type II difference spectra obtained ~~th aniline added to the liver 

microsomes frqm immature and adult rat with or without thyroxin 

therapy (Fig. 2). This differcnce in résponse to thyroxin coulci 

not be accounted for by chang~s in the electron transport components 

due to thyroxin treatment; since there was no observed parallel _ 

changes between electron transport camponent and substrate oxi~ation. 

For ins tance, there was a clecrease in cytochrome P- 450 varying from 
• 

~O% to 60% throughout the f~~st 5 weeks of age and in the adult period 

"after thyroxin treatmen t. qn the other hand, aniline p-hydroxylat1.on 

was significantly increase& during th~ first 4 weeks of age followed by 

a decrease during S,and 10 weeks of age. This change did not parallel 

/ the observed effect of thyroxin on the electron transport components. 

NADFH cytochrome c reductase is a flavoprotein (Williams and 

Kamin, 1962) and its actlVity is dependcnt upon the st'.lte of t:hyroid 
-'-1 

ftmction since ïts metabolism is regulated by the thyroid hormone 

(Rivlin and Langdon, 1966, Rivlin et al., 1968). However, even the 

influence of thyroid horm9ne appears to be dependent upon age since 

• 

,. 
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the 3 week old m,ale rat -..ms relatively insensitive to the influence 

of thyroid honnone (Table 2). A significant induction of NADPH 

cytochrome c reductase by thyroxin was noted at all ages studied, 

except at age 3 weeks. It appears that marked differencds in response 

te thyroxin may occur at this age which is coincident with the weaning 

periode The reason for' this differences in the response to thyroxin ----

is not yet established. However the weaning period seems te be a 

r 
transition frem the neonatal pattern to the adlÙt pattern of response 

te thyroxin of both aniline p-hydroxylaÜon and aminopyrine N-derne-
(, 

thylation (Fig. 1). 

In accord with the observation of Phillips and Langdon (1956) 

this study demonstrates that in the adult rat, there is an initial 

slow increase follm.,red by a rapid increa~ in NADPH cytochrane c 

reductase activi ty during the first week as a nmction of the duration 

of thyroxin treatment. In contrast to the adlÙt rat, the inrnature animal 

responds rnuch earlier and appears to plateau at a lower levei (Fig. 3). 

The difference beu'ieen the young and the adul t animal' s response to 

thyroxin as a ftmction of the dtrration of treatment is further 

i1lustrated by the effect of thyroxin treatment on cytochrome P-450 

and aminopyrine N-demethy1ase in the yotmg and adult animal (Fig. 4 

and 5). In the YOtmg rat, thyroxin treatment produced an initial 

increase in the cytochrome P-450 content follm.,red by a decrease wi th 

continued thyroxin treatment. In contrast, thyroxin treatment 

produced an limnediate decrease in c}~ochrame P-4S0 content in the aduit 

rat (Fig. 4). This llnplies that in comparing the age-r~lated response 

\ 
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of the hepatic microsamal mixed funct on oxidase system, the duration 

of treatment may be a determining factor to the quantitative or 
~ 

qualitative changes observed. Although the magnitude or degree of 

quantitafive change may bp partly dose-related (Table 3), the 
.' 

qualitative change (iLhibition or induction) as a function of age 

'appears to be not dose-re1ated (Table 3). 

Although age as a major determinant in the host response to 

drug is genera11y accepte~ and is underscored in severa1 reviews 

(Done, 1964, Sereni and Prlncipi, 1968, Yaffe, 1974, Nyhan, 1964, 

Weinstein, 1971) the fundamenta1 mechanism under1ying the age dependent 

resPOnsiveness to an inducing agent remains unsett1e~. The fai1ure 

to induce hepatic microsomal drug-metaholizing enzymes by phenobarbital 
r 

few days prior to birth (Hart et al., 1962) and the ready inèucibility .... --
of these same enzymes after birth suggest that the machinery for enzyme 

synthesis is a prerequisite for the activation of enzyme synthésis 
, 

(Greengard, 1971). 0 Post~ata11y, however, it appears thàt the required 
, 

co-fa~ors for hepatic micros omal drug oxidation are present ,(Fouts 

e~ al., 1959) and the progressive increase in the synthesls of these . 
enzymes (Dal1ner et al., 1966) occurring after birth indicate~ that 

the machinery for} t1).e synthesis of microsoma1 enzymes are deve1op~d. 

This argument does not exp1ain the decrease responsivenessoof the 

micro,sornal enzymes at a certain period postnatally such as that~~ 

obs'erved in the 1ack of effect of thyroxin on NADPH cytochrome c ' 
} , ,. ' 

recluctase at age 3 weeks. One flmdamenta1 celltù1ar. fun ct ion that ' 

may change with age is the rate of protein synthesis (Young et al., 1975, 
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Winîck an~ Noble, 1965, Water10w and Stephen, ~96R, Yousef and ,Johnson, , 
1970). The rate of protein synthesis changes as a flmction of age 

and it is possible that a specifie enzyme may have varying rates of 

synthesis and degradatlon that changes with age. This would result ln 

quantitative variations in the response of an enzyme system to a 
, 

specific inducing agent, th'lt is, induction when protein synthesls is 
~ b 

maximal may resul t in m:ucimal response to the inducing agent. To our 

know1edge, eTlzyme turnover studies of hepatic micros omal enzymes as 
1 

a Dunction of age and in the presence of inducing agents have not yet 

been done. 

Clinical applications of age-related inducibility of enzyme 

systems have been demonstrated in steroi~ induction of other organ 

systems such as the ltmgs. (Liggi) and Howie, 1972, ~aden et al., 1972). 

Induction of pulmonary surfactant to prevent hyalIne membrane disease -, 
in newborn infant occurred when st8roids were administered before 

~2 weeks gestation and induction was not sllccessful wlten steroids 

were glven ~ater than 32 weeks gestation (Liggins et al., 1972) or 

after blrth (Baden et ~l., 1972). 
~f'..... ' 

The data in this study demonstrat~that the mlcrosomal enzyme 

titres achieved in rosponse to thyroxin 1S markedly dependent on the 

age at \vhich thyroxin was achninistered.. FurtheITAOTt' the respons(' 

of the hepatic microsomal enzymes as a ftIDction of t'1e duraüon of 

trea.tment differs between the lITlnature and the adult rats. This quan-

titatlVe difference in response is partly dose-dependent, anJ appears 

te be tmre1ated to substrate-cytochrome P-4SP interaction . 
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Inflqence of age on the effect of thyroxin on 
\'J 

microsoma.l' substrate oxidation. 
~ "~,, " 

Rats were subcutaneously injected wi th L-thy~in \ 

1 ug/g body weight/day for three rlays prior to sacrifice. The 

points n~'Present percent age change frorn the control valœ derived 

"frorn the mean of 6 to Hi individu<ll drtenninations. The s,ignificance _ 

of the difference from the ag~-matchJd control group is indicated 

by Ca) p < 0.05, Cb) p < 0.01, Cc) P < 0.001. 
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FIGURE 2: The difference spectra of aniline and cytochrame P-4S0 

in the liver microsome from mature and adult rats 

. with anrl,without treatment with thyrox~n. , 

Liver ~i~r~~~es~ere obtained from one week old and 

ten week old rats tr~ate~ and not treated with thyroxin. 
1 

Thyroxin was administeroo subcuttmeously at a 'dose, of l ~ug/g bO<"ly 

weight/day for three 1àys prior to sacriflce. Contiol non-thyroxin 
g 

treated group received the diluent equal to the amount given in the 

thyroxin treated group. Aniline 3 nM concentration was added to , 

the cuvette containing 2 mg/ml of microsamal protein . 
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FIGURE 3: Influe1'\ce of age and duratiOl'l of thyroxin theTapy on the 
, 1 

acti vi ty of NADPH cytochrane c reductase." ~ . , 

One week old and't~n week Qld rats were 'givèn L-thyroxin 

1 ug/g bodyweight/day, for one to seven days prior to sacrifice. 
1 

Untreated rats served as controls. The points represent the 
1 1 

• 
percent age change fram the 'control Value derived~from the Mean of 

, • Jo .. 

6 to'8 inqividual deteIininations. Control ~alues are: one week 
. '~ '-1 -1 
old rat • 46.0S;!" les cytochr~ c reduced x m0 ~,mg 

proteiô; ten week old rat = 95.08!8.SS 'nmoles x min-l,x mg-1 protein. 

ificance' of ~ change frein the age-matched control is indicated 

6.01, (b) p < 0.001. 
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FIGURE 4: '. The influence of age ~d ?utfition of. thyroxin therapy on 

,e arnotmt of hepatic nri:crosoma1 cytochréine P- 450,. . ' 

~, One week old and te~ week old rats were gi ven L-thYI"?xin 

1 -ug/g body weight/day for one ta seven days prior to t;acrifice'- .1 </ 

) Untrelfted rats served as con troIs. The points ,represent the percentage' 

change from the cont~l 'value derived frorn the mean of 5 to 8 individua1 

., 

detenninations. Control values are: one week old rai a 0.190+0.013 , -

nmo1es X mg-l 'prQtein, ten week old rat = O.452!0.028 x mg-l protein. 

The significance of the change-fram the· ~ge-matched control is indicated 

by (a) p < 0.01, (b)'p < 0.001 . 
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: The. inflûence 'of age and duration of thyroxin 
'<.. 1 • '" \ , 
ther~y on the '~ctivity of hepatic microsomal amino-

1 
1 

phyrine N-demc~hylase. 
~ 

One week old and teQ week old rat~ were givcn L-thyroxin 

1 ug/g body weight/Aay for one to seven days prior to sacrifice. 
< / 

Untreateù rats served as controls. The points represent th~ percentage 

change from thè control value dcrived frOO1 the mean.'.of 6 to 8 individual 
, 

detenninations. Control values are: one week old rats = 0:83+0.08 nmoles 
'-1 -l~' 

HalO formed x m~ x mg protein. Ten week oin rats = 2.52 :t 0 .15 ~oles 
.\ 

HŒIf"\ f cl . ~ 1 -1" . Th . . C' h~ f h han ' ~ onne. x lIUn x mg ,prot~ln. e slgnb.lc.ulce 0 tee ge 

fram 'the age-matched control,group is indicated b~'(a) p < 0.05, 
J 

(b) P < 0.~1, Cc) P < 0.001. 
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Influence of age on the effect of L-thyroxin 

rrdcrosomal prj~ei; y~eld. . "\, 

on, liver "weight and 

\' r • 

Rats weré given L-thyro~in l, ug/g body wei~ht daily foI'" l' days, . 
prior, to the experim~nts. Valyes are ·mean ~. SEM of indi vi guaI deter-

minati~n~J Nunbcfs in parentheses in~icate nunber of indivi~lat;~ 

determin-at ions. 
,..., 

~ 
, ,: ( 
3 clays 

! 1 week 

2 weeks 

3 weeks 

4 weeks 

5 weeks 

10~eks 
(Adt11t) 

fi 

Groups 

Control 

L-thyroxin 
"; '1 

Control 
, 

~OXin 
Con :rol 

1 

L-thyroxin 

Control 

L-thyroxin 

Control 
1 

L-thyro.xm 

Control 

L-thyroxin 

Contro~ 

L- thyroxin . 

l ' 

LiveT w~t 
(weight (graml 

0.36+0.01 (20) 

0.37+0.01 (25) 

0.52+0.01 (24) 

0.39+0.01 (18) b 

0.96+0.01 (30) 

0.63+0.01 (18)b 

2.38+0.10 (20) 

1.3')+0.08 (12)b - , 

4.38+0.15 (6) 

3.l3+0.07'(7)b 
'<" 

6.93+0.16 (10) 

5.70+0.15 (6)b 
( 

14.65+0.32 (6) 

12.47~O.39 (6)~ 

.. 
{ . ~ 

~icrosomal protein 
mg/g wet weight 

1iyer / 

33.81+2.96 (6) 
;: 

22.62+1..65 (6)a 

31. 7;:J5 (15) ,. 

30.72+ 2 (6) 

30.43+1. 59 (16) 

')6.55+2.01 (6)a 

')0.51+0.71 (10) 

tl9.69+2.36 (7)b 

. 37.18+1.48 (6). 

4l:04+2.43 ("6) 

39.11"'1. 04 (5) 

37.18+2.90 .c6 ) 

49.77+:'.03 (6) 

4').05+1. 75 (7) 

(a) Tl < 0.05, (b) r < o.orn cCJTlpared ta control group 

," " 

~ , 



/ 

.." .... 

e '<0 • e 
~1S. IV - lS~ - \.. 

'-. 

TABLE 2 ft "" 
Influence of age on the response of the microsoma1 electron transport components to thyroxin., 

Male rats were treated with subcutaneous injection of L-thyroxin 1 ug/g body weight/day for':; days prior to 

death. Values are expressen as mean + SB,f. ~umber in parenthese? indicate number of individual deter,minations. 

" 
~ 

3 days. 

1 week 

2 weeks 

3 weeks 

4 weeks 

5 weeks 

NADPH oxidase, DTole~'_l 
~PH oxidized x min x mg 

protein 

Control 

4.76+0.39 
(6) 

4.89+0.22 
(8) . 

5.00+0.40 
(6) 

5.22+0.67 
(20) 

7.09+0.55 
(6) 

Thyroxin o 
o 

trpated change 
\, 

5.98+0.36 ~ +25.6 a 

(6) 
4.05+0.34 

(6)' ,. 

.5.79+0.63 
(6) 

6.87+0.35 
(7) 

9.01+0.q2 
. " (6) 

-17.2 

+15.8 

+31.6 

+27.1a 

7.11+0.48 7.79+0.55 -,9.6 
(15) (6) 

10 weeks 7.98+0.57. 6.53+0.31 -18.2 
(6» \ (6) -

(a) p f:. 0.05, (b) P <, 0.01, (c) P < 0.001. 

NADFlI cytochrOOle c reductase_ l (nmoles cyt. c redllced x min 
. x mg-l protein) 

Thyrorin - % 
Control tre~ted change 

59.40+3.9ü 
(6) 

46.05+1. 75 
(8) 

'\8.<39+2.96 
, (6) 

68.22+3.11 
(20) 

91. <;4+3. 87 
(6) 

77.79+4.78 +31.0 
(6) 

74.lS+l0.45 +61.1b 

(6) 
66.87+7.05' +71.~~ 

(6) 
74.55+5.94 

(7) 

157.1+12.7~ 

ê6) 

+ 9.3 

+72 .oc 

92.16:4.16 l54~22:15.02 +67.3c 

(10) ~ ~ (6) 

95.02+8.55 129.15+4.31 +3S.9c 

(lÔ) (6) .... 

"-

Cytoc.~rome 

Control 

0.152+0.007 
(6) 

0.190+0.013 
(7) , 

0-.266+0.010 
(16) 

O. 214't-0. 014 ' 
(10) 

, 
0.357+0.017 

(6) 

0.371+0.036 
f14) , 

0.452+0.028 
(6) 

.. 

1 -1 P-450 nmo1es x mg 
protein 
, Thyroxin 

treated 
• % 

change 

a.10~+0.021 -30.2 
(6) 

0.130+0.013 
(6) 

0.103+0.021 
(6) . 

O.120+0.006 ç 

(7) 

0.170+0.023 
(6) 

-31. 6b 

--151?3c 

-.43. gC 

-52.4c 

0.244+0.00~ -34.Za 
(6) 

0.21<3+0.024 
(6) 

-51. 7~ 

\"l 

~~ b 
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TABLE 3 

Thyroxin dose-respons~ cdmoarison between ÜHnature (1 wcek old) and 

adult (10 week old). l' 

Rats were given L-thyroxin subcutffileously daily for 3' .days "prior ta 

the expe riment s . Values are mean : SIN of indi vidual detenninations wflich 

are indiéated by nunbers in paTentheses'. Ea0 detennination ir: tl1e one 
, . , 

, week oleL rat represents â "0001 of 3 rat livers. Percentage changes fram ,. 

control' group are shown be low the mean value,. 
.-

/ 

• 

, L- thyroxih 
, 

Age '(dose per 'Kg 
(Wks) body weight) 

Cytochrome P-fSO 
(nmoles x ml( 

prote in) 

NAD~I~ochrome 
c red ctase (n-
moles cytochrome' 
c ,t,edœed x min- 1 
x g-l proté.ïn) 

Aminopyrine N
demethy1asc (n
mo1e~ J1ŒIO fonned 
x miri- l x mg- 1 

( 0.00 
( (control) O.lqO~O.On (7) 46.05+1.75 (8) 
( 

.0.218+0.01) (n) ( 0.1 mg 81.65+5.76 (6) - , r 

( +14.7%a +77. ~%c 
1 

( , 

{ 1.0 mg 0.130::0.013" (6) 74.15:-10.45(5) 
( - 31.fi%b +6l.0%b 
( , 
( 10.0 mg 0.155+0.016 (6) 83.8R+2.54 (6) -
( -lR.4%a +82.1%c 

.' 

" 

C 0.00 
( (contrai) 

~ 

0.452::0.028 (6) 95.02:-8.55.(6) 
( 

" ( n.l mg o. 7i60::0. 019 (6) .156.48:-10.76(6) 
( 

-?O ~o.b - t64. 7~b ( ~ . ° ... " 

10 ( 1.0 mg o. 218::0". O~4. (6) 129.1S+~. 31 (6) 
C' --...., , -

-SI. 8%~ +")5..9°;;c 
~ 

( , -, 

( 10.0 mg. 0.215::0.024 (6) 15~.3l!6.79 (6) 
( \.' 

-52.4,%c +66.6%c ( 

(a)p<O.05 ) 
(b) p < 0.01 ) cam~red to control group 
Cc) p < 0.001 ) 

, 

protein) 

0.83+0.08 (8) 

d. 73+0. 03 (06) 

.-12.1%b 

0.42+0.03 (6) 
1 -. c 
-49.4%~ 

" 0.78+0.03 (6) 
(; :O%a ' 

• 1 

2.52+0.15 (6) 
. 

2.89+0.05 (6) 

... 1~.7%b 
'. 

4. )R+O .14 (6) 

+73.8%c 

2.25:0.15 (6) 

-10.7%a 

·ff 

, , 
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TABLE 4 
, 

Of 

~rum thyroxin (T4) levels of limnature (1 week old) and adult 
~ 

• rat (10 week old) with or ~ithout treatrent with thyroxin 

(1 ugig body w~ight/day for'3 days). Va~ues are expressed as mean ! 

sm of indiv;idual detenninations irtclicated by numbers in parentheses. , ) 

/ 
~~ i. 
, 
l; 

~ 
Serum thyroxin (ug %) 

Control T4 treated 

1 week 2.37+0.23 (8) 37.50+1. 36 (8) . 

+ 
10 w~ks 5.44+0.63 (8) 34.37+2.52 (8) 

• 

, 
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GENERAL l)ISCUSSION 

The data presént~d in the foregoing manuscripts in th~s thesis 
" 

demonstrate'that the activity of the hepatic microsoma~ ~ixed function 
, 

oxidase system in the pl'emature and full tenn ne"fbOrn infant is present 
... 

in significant amol.Jl1t. IIowevér,- the activl ty of this system in the 

newborn infaht is much lower compared to that of the adult man. The . , 
data pr~vide a biochemical basis for a transient deficie~cy in drug 

Dxidation duting the'newborn period and support the well-recognized 
~ 

conèept that the rate of drug metabolism in t..he newborn period is 

relatively slower cOOlpared to the adul t man". " 
" 

The data also provi~e evidence that the activity of the hepatic 

microscrnal mix~i frnction. oxidase system increases wi th age during the 

A • .newborn period. A factor that may modul~te tne·development of this 

"' system is thyroxin and the rlata presented in this thesis support the 

concept that thyroxin significantly influences the onto~enesis of this 

system. • 

1. ' HEPATIC MICROSCMAJ.. DRUG \fETABOLISM AND ELECTRON TRANSPORT 
IN 1HE PRIMA'IURE AND FULL TE~ NEWBORN INFANT 

1. Evidence for the presence of significant' hepatic microsomal 

drug oxidation in the 'premature and full tenn newhorn infant. 

The hepatï~ microsafual fixed funçtion'oxidase system catqlyze; 

• \ 
( , 

l 
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. . 

the oxidation'of drugs (Gillet~·et al., 1972, Mannering, ~971), 
environmen,ta1 pollutants and various endogenous s~bstrate;-éConney and 

KlIDtzma.."l.. 1971). 
/ 

The optimal capacity for this oxidative function 
n 

represents the culmination of the processes of differentiation that 

hétVe gone f~rwarn in the hepatic mü:rosomes. In the fetus and newborn 

animaIs, thi§.. drug oxidative capability is negligible (Fouts and 
~. "0,-

Adamsan, 1959, Jondorf et al., 1959, Kato et al. ~ 1964, Gram et a1~, 1969, 

" Fouts, 190R, Fouts and Hart, 19~5, Rane et al., 1973, MacLeod et al., 1972). 
t -----,. -- - --

However, the studies presented in t~is theJis show that unlike the 
'\ 

.. fetus and newborn of experimental animaIs, the premature. and full 

~term newborn infant shows a significant drug o~idative capability 
, , 

'(Aranda et al. ;'. 1974). 
,-

The microsames frôm livers obtained during post-

mortem and surgical procedures in premature and full tenn infants have 

a signi ficantly measurable <fctiv~ ty of hepàtic microsomal aminopyrine 

" N,demethylase activity and aniline p-hydroxylase and the activity of 
. 

tnese oxidative enzymes is approxima~ely one-fourt~ to one-third of the 

observed.values obtained from adults (Aranda et al., 1974). These 
.(1 - -- • 

ohservations provide a c~nti~uum~in the ontogenesi~ of hepatic microsomal 

drug metabàlizing ~'zymes. Previous studie.s in aborted hunan fetuses 

1 

t' 
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~ 1 l' #-' ./ .> , '( .!, 

eighth week of gestati6n,çan'mé#fabo1ize a variety of exogenous substrates 
, t , 

such as chIQrproma_zine, methyl'aniline, ethylmorphine, aniline, and sorne 
----------- .\ 

endogenoU: substrates ~tlCh ~~ testosterone and fatty~aci~ l~urafe 
./ ,,- -/ .... .( ""'1 (' 

(Yafte et al., ~'Jf.nO-, Pe1kbnen et al., 1971, Pe1konen, 197')a, RaTl~, 1972, Rane, 1972, 

Pelkonen et al~', 197~ ,~ 
10 

The difference in the drug metabolizing'capability betwaen the 
". , 

,. J,\ J. 
human and animal fetus and newbprn may reflect species differences. However, 

the pos~bility that the pre~ence of the$e dnlg metabolizing enzymes in . , , 
" 

htunans could be due to non- specific induction b1 smoking, drugs and 
'" .* 

envlro~ent~l-pollutants cannot be excluded. ~e experimental'animals are 
, 

~ usual1y kept under relatively contro11ed environmental conditions. In 

contrast, the pregryantwoman is constantly exposed to, environmental 

pollutants.and drugs. For lnstance phenobarbital a known enzyme inducer 
, ' , 

" 
o • 

(Ernster et al., 1965) is one of the major drugs consumed by the pre~ant 

woman (Forfar, 1972). Estimates have inclicated that about Rn to 90% 
, 

, of moth~rs have received'.soine, cÎruRs during the period of pregnancy and 

the average munber of drugs conslUlled per pregnant mother varies from 
o 

3 to 10 drugs (Forfar, 19'72, Hi11, 1972, Peckham, 1-963).> 
Q " 

'2. Evidence for the presence ~f hepatic,microsomal eJectron 

~ranspè>rt companents in the prematur~ and full tenn newb01!l infant. 

Cytochrome P-450, the terminal hemooxygenase in microsamal drug c 
~ , 

oxidation is'present in varlable but significant quantlty in the newborn 

l~ver microsomes as~shown in the present\..s..tuày!(Aranda et al., 1974). 
" 1 

This is in atçord with Yaffe's data from abortuses of 14 to'~5 week 

gesta,tion (Ya-f;:~e et aL, 1970). ~is hemoprotein increases with ag~e and 

at term it ~ppea~s to approach almost 1 half of the adult values . , 

, " 

,. 
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(Aranda et al., 1974, Alvarez et ill., 1969, Ne1spn .et al., 1971). 

However, this proportionality decreases to one-tenth of adult' cytochrorne 

P-~50 content if compared with the data by Davies et al (1~73)~~ 

NADPH cytochrome c reductas-e activity appears to âpproach haif of adu1t 
. ~ -

activi ty in the three newbom babies whose postconceptional ages; were 

more than 40 weeks (Aranda et ~]., 1974}. These values are equal to or 
'f' --

rnÙth higher"than the adu1t cytochrome c redyctase activity reported by 

.~elson et al (1971). However, when compared to the aqu1t activity deter-

, , mined by Davies et a~ (~973), the, in~ant_ ~ adul t aC~,lv,~ty i~ approfimate1Y 

one third. The rate of microsolna.l NAnPH oXidation as expressed by NAnPH 

oxidase activity has not been measured in human liver microsomes. In a' 

full term.5 week old infant (Aranda et al. ,1974)", 'the activity was S.6,ronoles 

NAnPH oxidiz~d per minute per mg prote in, which approximates 70% 

of the activity in adult rats (Aranda et al. " 1973). Like cytochrome 

P-4S0 and NADPH cytochrome c reductase, the activity of NADPH oxidase 

increases with advancing fetal and postnatal age. 

3. Factors inf1uencing the activity of the hepatic microsoma1 

drug metabolizing enzymes. 

The great discrepan~y and variability of the levels of the various 

campements' of the I-J.MFO and of aminopyrine N-demethylation and aniline l' 

p-hydroxylation may represent di~ferent interindividual genetic expression 
. / 

(LaDu, 1971, Vessell and Peage, 1969) variations in tissue sampling and . 

assay tecfin~ue~, pr~sence of pathophysiologic states, and drug therapy 

used prior to samp1ing. ~e nature of tbe preexistent dise~se states 

and drug theraPJ"'are probably the most important factors. Darby (1970) 

who fOLUld very low levels of cytochrome P-450 and microsoma1 drug oxidation 
" 

,. 

• 

',1 

J 

1 

., 
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, 
L 

in adult patients who succumbed to cardio-vascular failure (e.g., myocardia1 '" , 

infarction) suggest~d~hat anoxia was largely responsible for the observed 

decrease in drug metabolism. In support of this hypothesis is Cununing' s 
" 

observation that the rate of metabolism of antipyr1ne was significant1y 

decreased in patients who had seVère chronic pubnonary disease with 
1 
l , 

resul tant hypoxernïa (Cumming, 1972). Hepatic microsomal drug OXi~tt6n is 

an energy- and oxygen-dependent process (Gille~te e~ al., 1957, ~rring, 

1971) and a linear relationship between arterial~oxygen tension and tate 

of drug oxidation has been shown (Cumming and Mannering, 1970). Respiratory 

distress syndrome, wnere significant ventilation/perfus10n abnormality is 

a major pathophysiologic derrangement (Strang and MacLeish, 1961, St rang , 

1966), is characterized by hypoxemia which could alter the true value of 
• 

the microsomal enzymes studied. Hyperbi1irubin~ia (McLuen and Fouts, 1961), 
1 

. stlrvation (Kato and Gillette, 1965), and high glucose loads (Lamson et al., 
'" --/ 

1951, Strother et al., 1971) could also decrease drug metabolism and it 

is pOssible that the ~alu~s presented i~ this study mi~ht not represent 
.' t the act~al activity of HMMFO in normal infants of similar age (Aranda 

et al., 1974). However, the data provide sorne information on the activities . 
of the various camponents of the system in the sick newborns who are most 

~pt to receive drug therapy, and for whorn such ipformation would be of 

~reater relevance. 

Exogenous substrates signîficantly alter the activity of the 

nepatic~icrosornal nrug metabolizing enzymes. BiQchemical and mor

phologic studies have conclusively shown that the microsomal drug meta

bolizing enzymes ara exquisitely susceptible to the influence of drugs 
• 

<p1d environmental pollutants. Adult patient~ Who received phenobarbital, 

\ 
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glutethamide, dipheny1hydantoin, rifampicin and other drugs showed 

remarkable induction of cytochrOOle P-4S0, NADPH cytochrome c reductase-,

aminopyrine N-d€Sl}e~hy1ase, p-ni troanisole anrl p-demethylase 

activity (Remmer et al., 1973, Black et al., 1973). Similar pheno- .. 
barbital therapy in infants and children resulte~ in 100 to 150 per 

cent increase in the activity of NADPH cytochrome c reductase from _ 

hepatic homogenates and a paraI leI proliferation of the endoplasmic 

reticulum in two infants with normal hepatic parenchyma (Thaler et 
? 

al, 1972). However, this inductive effect cou1d be antagonized by the 

presence of 1iver disease (Thaler et al., 1972). One of a ~et of twins 

(Aranda et al., 1974) who received aminophylliœbecause of apnea, had 

'~ a 7 fold greater activity of aminopyrine N-demethy1ase cornpared to the 

other twin. The possibili ty that aminophylliremight account for this - / 

difference cannat be excluded, ho\Vever, to our knowledge there are no 

data avai1able concerning the i~f1uence of aminophyllineon drug metabolism. 

If the genetic expression of the drug metabolizing enzyme is equal in 

twins CV~sse11 et al, 1971, LaDu, 1971, Vessell ~d Page, 1971, 

Alexanderson et al., 1969): the" difference in enzyme ~ivity may be 

contingent on envirorunental or drug effect. Two infants who received 

~PhenObarbital and diphenylhydantoi~~l co~tituted two of ~le three infants 

who have the highest activlty of hepatic microsomal enzymes determined 

(Aranda et al., 1974). However, these infants were of advanced post 

èonception~.l agE) relative to the other infants studied, and" the data did 

not permit the delineation of age-related effect from drug effect on the 

hepatlc microsomal dnlg metabo1izing enzymes. 

The apparent subce11u1ar distribution of the various components 

of the HMMfO is different in the feta1 1ivers as"against adu1ts because 

1 

.. 
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of differences in sedimentation"properties of subcellular organelles 

(Ackerman et al., 1972, Rane and Ackerman, 1972, Chatterjee et al., 1965). 

E1ect~microscopic studies revealecl ,that the rough endop1asmic reticu~ " 

with sparse smooth endoplasmic retlèu1um sedimented ~ lower speeds of - . 
centrifugation. The smooth endoplasmlc reticulum contains the drug 

metabollzing enz)'JT\es (Holtzmân et al., 1968, Claude, 1969).-and its 

~carcity in the fetal period provides a morphologlcal exp1anation for a 

functional- deficit. The time at which the fetal hepatic subce11ular . , . 
localization of the drug metabolizing enzyme approaches adu1 t pattem!?)s 

not established. Since the hepatic microsoma1 drug metabo1izing enzymes 

are 10calized in the smooth endoplasmic reticulum (Holt~an et ~., 1968) 

and since the"smooth endoplasmic reticulum may not have pre~ipitated in 

the microsomal pellet in the neonatal period, determinations of the 

hepatic microsomal drug metabolizing enzymes may repres:nt lower than 

the actual value. Fu~ther studies are needed to eva1uate this possibility. 

4. R~l~tionship of hepatic microsoma1 substr~te oxidations to 

micros omal electron trllilsport in the neonata1 perlod. 

Jdentific.atiop of possible rate determining steps ln hepatic micro
?:i 

somal drug metabolism in the newborn Infant was attempted ln this study 

(Aranda et al., 1974), by eval~ating the correlation between the rate of 
, , 

substrate oxidation, and the activity or amount of micros omal electron . 
transport componen~. Neither NÂDPH cytochrome c reductase nor the amOlmt 

of cytochrome P- 4 50 se~s to be rate limiting in anlÏnopyrine N-deme-

thylation since no correlatIon between these electron transport components 

and N-demethylation of aminopyrine was found. Simil~r lack of correlation 

between the hemoprotein and substrate oxidation has been noted in adult 



4 
patients (Nelson et al., 1971). I~ eXpernne~tal animaIs there is an 

increasing e~idence that the' rate Inniting step in microsoma1 drug 
1 
oxidation is the reduction of ~ytochrome P-450 (Gigon et al., 1968, 

GiUette and Gram, 1969, ,Diehl 'et al:, 1970). However, this concept 

was not substantiated i'n our laboratory since substrate oxidation in / 
, t ~ 

the newboms proceeded despite lack of measurable NADPl1\cytochrcme Pr450 ,.. " 

r~ductase (Aranda et aL,' 1974). ,. -- '\ 

Both aminopyrine N-demethylation anJ aniline p-hydroxyla1ion 
, 1 

were significantly re1ated to NADPH oxidase activity indicating that 

perhaps the velocity of micros~al NADPH oxidation may be an acceptàb1e 

~ indica!or of the overa11 rate of microsoma1 drug ox~dation. Indeed, 

Gi11ette's 1aboratory (Stripp,et al., 1972, Sasame et al, 1973) have 

shown a stoichiornetric relationship between drug oxid~tion and NADPH 

oxidation in hepatlc microsomes. They found ,that the stoichiometry 

apprnaches a 1:1 relationship for a va~iety of tYPe I sbbst{ates when 

the metabo1ism of the substrate-dependent NADPH oxida\ion lS corrected 

for carbon monoxide sensItive, endogenous NADPH oxidatlon. Further 

eva1uation of this method in ht~an microsames wou1d be needed to deflne 

its app1icabi1ity as an indicator of the rate of drug oxidatlon. In 

contrast to aminopyrine N-demethy1ation, aniline p~hydroxy1atio~ corre1ated 

slgnificant1y with NADPH cytochrome c reductase activlty and ~tochrome 
.J , 

P-450 content, suggesting that the newborn HMMFO is re1ative1y more 

capable of 'metabollzmg aniline-1ike .compmmds. , The difference between 
l , 

the se two substrate oxidations during the fetal and neonata1 period is 

puzzling. Aminopyrine which givés a typical type I bm~ing ~~run with 

cytochrome P-~50 in adu1t human li~i (Pe1konen, 1973b)ancl ln experimenta1 

<\ \ 
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animaIs (Schenkman et ~., 1967) produces a type II binding spectrum in 
, 

the human feta1 liver microsomes (Yaffe et al., 1970). Animal studies 

revealed that type l c~Olmds are better substJ::atés because they drive 

their own metabolism and they stimulated NADPH cytdchrame P-450 reductase 
f , 

activity (Gigon et a1., 1968, Gillette and Gram, 19fi9). However, 

fundamenta1 mechanisms under1ying these differences an<f'the signifiéance 

of these binding spectra in the hepatic microsomes during the newborn 
, 

period are poor1y understood. The presence of substantial w-oxidqtion .. 
of 1aurate and hydroxylatlon of t~stosterone, both endogenous campounds 

gi ving a type l binding spectrurn (Yaffe et al., 1 q 70): lends support to 

the e~istence of an intimate re1ationship between substrate binding and ., 

metabolism. TIns observation and the reversaI of' aminopyri~e binding 

spec~~o a t~,II pattern Jed to the hypothesis (Yaffe et al, 1970, 

" Rane and Sjoqvist, 1972) that thère are endogenous substrates wlth high 

affinity (low apparent ~ values) "1?r the bindmg slt~~of the terminal 

hemooxygenase and which can compete more effectlvely with exogenous 

substrates. The intriguing possibility of a qua1itatively different 

cytochrome p- 4 50 between the newhorn and adul t hmnan being or between 

specles cou1d not be excluded. 

5. Eviqence for age-related increases ln the activity of drug 

metabolizing enzymes in the premature and full term newbom infant. 

A very inlportant but unanswered issue ln hurnan dtug metabolism is 

the time at which the deficient neonatal drug Ittabo1ic function attains 

adul t leve1 of metabolic capabillty. Corollary to this problern lS the 

possibility of a demonstratable increase in the activity of these micro-

somal enzYmes during the 1ater part of gestation and in the newbom 
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period. Studies in our laboratory indicate that there is an increase 

ln' the activity of these enzymes as a ftnlction Qf age in the perinatal 

periorl (Aranda et al., 1974). Postco~ceptional age defined as the gum 

of gestational age an~ postnatai age, po1itivelY corre1ated with NADPH 

oxidase activlty, NADill cytochrome c re~ucta~e actlvity, land cytochrorne 

P-4~0 content. Postconcepti~al age w~s also positive1y'corre1ated with 

, aniline p-hydroxy1ase activity'hut not with aminopyrine N-demethy1a~'e ... : 
, , 

activlty 5uggesting that the developmental pattern of one substrate oxida-

t1ve enzyme may be différent from another (Aranda et al., 1974). The 
, ---

tremendous variability in the developrnental pattern of various en~yrnes . . , 
systems re~lating protein ann carbohydrate metahollSffi and the differencc 

of the enzyme titres as a flUlction of age are weI} established phenomena 

·(Kretchme~, 1969, Greengard, 1971). In the early fetal pcriod dynamlc 

changes as a'\,mction of age, similar to the events observed in the 1ater 

part of gestatIon and in, the neonatal penod"'"seem to accur. An IntrigUlng . ~ 

observatIon has bee~ put fDrth by Pe1konen (197~), who demonstrated in 

human aborted fetuses from 8 ta 20 weeks gestation, a phase of rapld 

exponential devclopment of the Oxid1tivc m~taho1ism of ch1orpromazine, p

nitrobenzene, benzpyrene and methy1aniline during 8 ta 1 ~ weeks of gesta

tion which tended to plateau after 13 ta 14 weeks. ·This suggest that the 

deve10pment of hepatic micr~somal mixed ~ction oxidases begins in 
" ·1 

the early phase of gestation. 

Although there is an increased avai1abllity of data ré1ating to the 

"---activlty of the nepatlc microsaD;}l mlXed ~tmction oxiriase, system in 

humans (Yaffe et al., 1970, Pelkonen and 'Karkj, 1971, Ackennann et al., 
l ' 

1072, Rane and Ackermann, 1972, Pe1konen et al., 1971, Juch au , 1971, 

Pomp et al., 1969, Pe1konen, 1973a,Pelkonen ~ al., 1973, Rane and Gustaffson, 

/ 

/ 
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1973, RaJ:te, 1974 and Aranda ~t~~,~" 1974), the developnental pattern of , 
the microscma1, ~rug metabo1izirlg ènzyme~ in human remains tmknown. 

Furthermore, the a~ailable data in th~ literature are insufflcient to 
1 

prediâ' <il possible ontogenetic pattern' of the se enzymes. SpecificaHy, 
/1 , 

'/ 

the question that relates' to the time when the low activity microsamal 

dnlg metabolizmg enzymes in the hlDTlan fetus ançi newbom infant undergoes 

full differentiation or maturation to adult activity remains unanswered. 
. . 

In the experimental animaIs, most microsamal drug-oxidative enzymes 

approach adult level of activity at approximately 3 to 6 weeks of age 

(MacLeod et al., 1972, Fouts and Devereaux, 1972, Short and Davis, 1970, 

Short and Stith, 1973, Kato et al., 1964, Bresnick and Stevenson, 1968, 

Basu et al., 1971, Soyka, 1969, Henderson, 1971, Jonsdorf et al., 19S9~. 

Sorne aspects of dTIlg metabolism tnat are re1atively lUlexplored are the 

illlderlying mechanisrn(s) which regulate(s) the ontogenesis of the hepatic 

microsomal mixed function oxidase system and the various factors WhlCh,.. 

may modify the pattern of d~velopment of this system. One such factor 

is thyroid" honn0.ne. /' 

II.' EFFÈcr OF wYROID HOOONE ON 1H[; DEVELOPMFNf OF THE HEPATIG ' 
MIGRŒO,lAL DRUG METABOLIZING EN'lYMES 

1. Possible role of the thyroid honnone on the postnatal develop-, 

ment of hepatic microsomal drug metabolizing enzymes. 

Vital to the comprehension of,the process underlying enzymic 

differen~iatlon and the ontogenesis of the hepatic microsomal mixec1 flmction 
. ['), 

'oxidase system is the delineation of the various eff~ts of en doge nous 
'. 

substrates on the activi ty oxidase. Wilson (1970) 
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~as shown that growth hormone has a repressive role ifi the deve10pment 

of ethylmorphine N-demethylation, and aminopyrme N-demethylation. 

The influence of other growth promoting honnones such as thyroxin has 
-been determined in our laboratory, and the basis for these investigations 

is as follows: Firs t, -,the simul taneous appearance of hepatic TPNH 

cytochrome c reductase, glucose-6~phosphatase and a functiona1 thyroid 

gland on the 13tb fetal day in ràts and .tpe induction of this enzyme 

by thyroxin in the fetal rat suggest that the thyroid hormone might 
• 

act as a physiologie trigger for the diff~rentiation of this enzyme 

system (Gr~~gard and 'Dewey, 1968, Grecrrgard, 1969). Simi1arly, a ~ 

simu1taneous appearance of the hepatic microsoma1 mixed function oxidase 
? 4 

acti vi ty and measurab1e thyrOXlfl and thyronines seerns to occur durmg 

the 10th to 14th week in the human fetus (Pelkonen, 1973a,Greenberg, 1970, 

Shepard, 1967, Fisher, 1970). 

Secohd, the thyroid gland, 'through obscure mechanisms, regulates 

the development of organ systems. The thyroid gland is vital to the 
/' 

nonnal developnent of the central nervous system (Ba1azs ~t al., 1969) 

and to the regulation of severa1 metabolic homeostatic mechanisms. Its 

inductive role In the deve10pment of the 1tmg and pulmonary surfactant 

h,as been described (Redding et al., 1972, Wu et al., 1973). Third, 

thyroid hormone has a major influence on hepatlc microsomal drug metabo1ism 
, 

in experimental animaIs (Kato and Gi ette, 1965, Kato et al., 1968) and 

in man (Vesse Il , Crooks et al., 1973). Since 
\ 

thyroid honnone is related to both rgan development and drug metabol1sm, 

" the hypothesis that thyroid honnon significantly influences the develèp-

ment of hepatic mlcrosœ,nal mixed f 

and subsequently confinned .... in the 

oxidase system ~as tested 

study (Aranda and Eade; 1974a). 

" 
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,2. Ë~dence for the inf1uence of thyroid honnone on the 

maturation af hepatic microsamal drug metabolizing enzymes: 

(a) Acceleration of the ~evelopment of drug metabolizing 

enzymes by thyroid hormone. , , 

~(i) Effect of acute thyroid honnone therapy: 

Postnatal aberrations in thyroid function significantly , 

al tered the developmental pattern of ~epatlc microsor,na1 mixed ftmction 

oxidase system (Aranda and Eade, 1974, Aranda and Eade, 1975a). A 
). 

single dose of thyroxin administered to immature rats resulted in 

significant il1crease in the activity of NADf'H oX1dase, NADPH cytochrome 
. 

c reductase, aniline p- hydroxylase and in the content of cytochramtr 

\ P-450 and micros omal protein yield. Adult 1evels,of activity were 
A 

. ~~tained with NADPH oxidase activity and anIline p-hydr?xylase acti-vity 

twenty-four hOUTS after thyroid hormone injection (Aranda and Eade, 

1975a). Siglllficant increases in protein, DNA and RNA have been 

demonstrated few hours after a single i?jection of thyroxin (Sokoloff, 

1~71, Tata et al., .1963, Tata, 1968). ~e increase in the, microsG~al 
drug metabolizing enzymes may represent de-novo enzyme synthcsis however 

. 
the possibility of shifts in ~e protein pools cannot he excluded. 

Sthdies on the effect of thyro~in on the subcellular distribution of 
, 

the hepatic microsomal drug metabolizing enzymes would probab1y resolve 
(f"' 

, t~is possihi1ity~. 

(ii) Effect of repeti~ive administration of thyroxin 

'" " on the deve1oprnenta1 pattern of hepatic drug m~tabolizmg enzymes: 

Repéti tive treatment of male rats with thyroid 
. / 

hormone dunng the first five daYs aftcr birth or ·throughout the first 
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~ife' weeks of life resulted in significant accelération in the 
> ~ 

maturation of the activity of NADPH oxidase, NADru cytochrome c 

reducta~e and aniline p-hydroxx~se. Whereas the adult activity 

of thes~ enzymes are attained in five weeks in the normal male rat, 

the adult,enzyme titres are'achieved and are surpassed in one week 

in th'e thyroxin treated rats. . \ 
'<1 Whether the effect of "thyroxin on the developnent of the hepatic . 

mixed bInction oxidase system is one of penmanent enzyme pifferentiation 
'1 • 

or rnere1y a' transient induction is not resolyed in these experiments. 
1 

, The concept of enzyme differentiation entails maintènance of enzyme 

titres and the physiological variations of these titres, which are , 
normally exhibited in a fully differentiated enzyme system as that seen 

in the adult organisme On the other hand, transient indJction entails 

a rise in enzyme tltres followed by a fa1l to pre-induction l~vels 

upon wi thdrawal of the inducing agent. Suggestive evidence for enzyme , 
-:. 

differentiation ''is provided by t1w effect of transient neonatal hy-
. , 

perthyroid state on the developmental pattern of aniline p-hydroxylase 

activi ty, an oxidative enzyme which exhiblts the "overshoot phenomenon" 

(Moog, 1971). This phenomenon,. whereby enzymes that undergo a large 

.increase in activity during a short period of time, rise above their 

a~ult levél and subsequently,'fall back ta a relat~vel~ stable l~~~ 

has been described in various substrate oxidations (Kato et al., 1964, 

Gram et al., 1969,Uehleke, 19n.). Gram et al (1969) had shawn that 
, 0 

the Vmax for aniline p-hydroxy1ase peakerl at 1 to 2 weeks followed 
.. -

by a decline thereafter. In contrast, Macleod et 'al (1972) and the 

present studi8s show that the peak ac~ivity of anilin~ p-hydro~lase 



"' . 

. 
< 

• 

/ 

- 169 -

above adul t 1evel was observed later at age 5 weeks. This peak . 
{ 

activity was shifted to age one we~k, follqwed by a slow decline to 

lo~r adult value a.ttained at 5 weeks of age (Aranda and Eade, 1974a). 

This represents an advanced shift in the maturational pattern of , 

approximately four weeks, suggesting thit enzyme differentiation have . 
~ occurred. 

Suggestive evidence for a transient induction is that observed 

wi th the effect of neonatal thyroxin therapy which resul ted in" an 

increase in the activlty of NADPH cytochrane c reductase at one wcek 

followed by a fal1 to subcontrol levels (Aranda and Eade, 1975a) , and , 

an infranormal shift of the developmental Aattern at three to five 

weeks of age. This flndü~g also raises a possible consequence of 

induction, that is, a fa11 i~ the enzyme activity to subnormal lcvels 

upon wi thdrawal of the ulflueTlce of 'the inducing agent. 
1 

Blackburn et al 

Ci972) and Carson et al (1973) have demonstrated in the lung, that 

steroids w~ich are inch.lcers of pulmonary surfactant productIOn enhance 

cell differentiation at the expense of cell division, resulting in fewer 

but more matur~ cells that are functloning at an optDnal'capacity. With 

growth the metabolic demands of the organism increase cOOllJlensurately 

with ItS increased body size, and it is posslble that the decreased 

" ~ber of cel1s could no longer meet this increased demand leading tC1 

an infranorma1 shift in the developmental pattern, as shawn by NADPH 

cytochrome c reductase activity. 

(b) Repression of tne-.development of cytochrome P-4S0 by 

thyroid hormone. 

Thyroxin appears to exert, a rep~essive role on the 

cievelopment of cytochrCllle P-450 and aminopyrine N-demeth,ylase. This 

" 
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" repressive l'Ole was more defined in the case of cytochrcrne P-~50 .. 
, , 

as evid&ced by a decrease of this h~oprotein in chronic. thyroxin· 
\ 

trea~nt; an initial decrease in neonata1 thyroxin treated, rat 

fol1owe~by an increase above age-matched control levels at three weeks 
'J' 

Wl th the withdrawa1 of thy;.oid--effect and an increase in the three 

week old Fadiothyroidectomized rat (Ar~da and Eade, 1974a). The basis 

for the repressive effect is unclear. The hypothesi~ that the low 

, I~rug metabolizing capacity in the newborn may be due to the presence of 
, . 
lnhibi tory substances (Fouts and Adamson, 1959) that may have been, 

derived from the mother (Feuer and LlScio, 1970) has been advanced. In 

support to this hypothesis is the inhibition of h~patic microsomal 

drug metabolism by endogenous substrates such as somatotropin (Wilson, 
f, 

) 

1969), pré&neno1one and progesterone metabolites (Soyka, 1972, Soyka, 

1973) and the repression of the postnatal deve10pment of ethy1 mor

phine ~j-dernethy1ation and aminopyrine l\j-demethy1ation' by growth honnone 

(Wilson, '1970). The newbom infant at term has a higher free seTIJ!Tl 
/'. 

thyroxin l~vel with a trahsient 8 to 9 f.old ri5e in serum thyroid ' 
, 

stimulating hormone immediately aftcr hlrtn (Eisher, 1970, Greenberg, 

1970) and the increased thyroid hormone and thyroid stimulating honnone 
, 

may ~gment the total pool of circulatlng endogenous substrates. 
:1 ' - . 

Increased circulating thyroid hormone may produce altered substrate 

interaction with cytochrome P-450 as evidenced.by decreased O.D. 
max 

Ge 

value and increased Vffiax for aniline; and increased K value, 
" , s 

increased Km value and 'décreased Vmax value for hexobarbi tal in thyroxin 

" treated adult male rats (Kato et al., 1970). The other possibility 

" 
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that relatively high thyroxin lev~ls may indireotly actoas a repressor 

of th€ .devel~ent ~'f am~nopyrine N-demethylation and cytochrêm~ P-41

S0 " 

~r6ù~]; a 'permissiv~ effect on growth hormone secretion (Catt, 1970) 

cannot be exc1uded .. 

The tncreas~d thyroid hormone during the ~ediate postnatal 

period is of dubious s1gnif}.cance. Greengard (1'969) raised the concept 

,that the thyroid glan,d is the probable physiologic trigger in NADPH 

generating system in fetal rat on the basis of"sUnultaneous appearance , 

of fetal thyroid flIDCtion and NADPH cytochrome c reductase and glucose-6 

, phosphatase,' and a precocious differentiation of these enzYmes with . ... -
exogenously administered thyroxih. However, the teleologic significance 

, ./,,- ~ 

( 

of a transieat neonatal thyroi8 gland hyperfunction in relation to the 

cl.~fferent~atio1'J. of NADPH and oxygen tequiring drug oxidative pathways 

, and their associated electron tranSport components is as yet speculative. 

Moreovèr, the fun~çntal mechanism underlying the selective but variable 

effect .of thyroxin on th~ various cornrnts of the miq-osomal electron 

transpor~~ain arid v~rious oxi1ativ{ pat~ways is still lIDd~fined. 

l (c) ,Effect of hypothyroidism on' hepatic 1llicrosomal drug 
'-

_ me~abolizing enzymes, converse to effect of repetiti~e thyroid hormone 

therapy. Revers ibil it y of hypothyroid effec:t by thyrOld hormon; re-
, ", 

placement therapy. 

Hypoth~idism achieved by a~inistratioh of 13~I 

atr' .~itth resul,ted in sorne effects oppOSite to thos~ obtained by repetltlve 
. , w 
thyroid hormone treatment as shown in the prese11t study (Aranda and 

q 

Eade, 1975a). ~ere was a signjfican~ d~crease in the ac~ivity of the 

oNADPH cytochrome C, 'reduê~ase. in the mature rat \ which was _ not only 

cprrected by replacement therapy with thyr~x~n hut\~ich was signifi

Conversely, cytochrome --, cantly enharlcecl above age' matched contr;ol v~lues '. 
, . , ;,). -

, 1 

/ , 

" 
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~ P-4S0 content was significantly inçreased in the thr~e week old 

hypothyroid rat and this finding was reversed with the administration 
-

of thyroxin (Aranda and Eade, 1974). 

The most sensitive indicator of the effect of thyroid hormone 

or of the deficiency thereof on the developing hepatic mixed function 

oxidase systan is NADPH cytochrome c reductase acti vi ty. This is sup

portJd by a marked increase in the activity 24 hours after thyroxin 
~~ -

/ administration, sustained high activity with continuous t~yroxin treat-

ment, decreased activity to preinduction levels upon withdraWcÙ of thyroxin; 

a significant,fall below control levels in hypothyroidism ann arise 

to above control levels_with thyroxin replacement therapy in hypo-

. thyroidism (Aranda ?l# Eade, 197 Sa) . These findiflgs are ID accord with 

the observation~ obtained in hypothyroi~ and hyperthyroid adult ~ats 

(Phillips and Langdon, 1956, Kato and Takahashi, 1968, Suzuki, et al., 1967). 

Evidence has been presented that th~ metabnlism of the flavoproteins is 

under the control of the thyroid gland through the regulation of flavokinase 
~ ~ 

. (Rivlin and LaIlgdon, 1966, Rivlin et al., 1968, Rivlin, ~970) and s..~nce 

NADPhl:cytochrome c reductase is a flavoprotein (Williams and Kamin, 1962) 
. 

therefore, the regulation of the enzyme titre is most probably mediated 
;;. 

by the thyrojd gland (Phillips and Langdon, 1956). Biochemical similarities 

between hypothyr9idism and ribof1ayin deficiency have been demonstrated . ' 

(Rivlin et al., 1968) and.stffiilarities between microsomal drug metabolism 

in hypothyroid immature and adult rat and the rib~flavin deficient . 
postweaning mice (Catz et al., 1970), namely, increased cytochrome bS, 

ann cytochrome P-450 content ann increased aniline p-hydroxvlation, have .. 
also been shown (Aranda and Eade, 1975a, Suzuki et al., 1967). 

• 
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3. Effect of thyroid honnqhe on the postnatal changes in the 

rerluction of cytochrane P- 4sn by NADPH. 
~ , -

Thyroid honnone significantly influences' the clevelopment of the 

hepatic microsomal NADPH cytochrame P-~ reductase activity. 

Experimentally produced deviation from euthyrèid state resulted in 

altered activity of NADPH cytochrorne P-4S0 reductase. At three weeks 

of age the activity of the reductase was increased in the hijpothyroid 
, 

rats which was partly reversed by thyroxin replacement therapy (Aranda· 

and Eade, 1975b). These observed increéilSes of P- 450 reductase' in bath 

hypothyroid and.hyperthyroid ra!s are not similar to the findings 

observed in other electron transport components in sllnilar states of 

thyroi.:l dysftm~tion (Aranda and Eade, 1975a). Cytochrome P-450 was 

increased and NADPH cytochrome c reductase was decreased in hypot~yroidism. 

In contrast cytochrome P-450 was decreased and NADPH cytochrome c 

reductase was increased in hyperthyjoidism (Aranda and Eade, 1975à.). 
l , 

The increased reduction of cytochrome P-4S0 by NADPH in hypothyroidism 

may reflect a greater effectiveness in the utilization ~f decreasèd 

cytochrome P-450 cont~ for reduction. Thus, although,. there is a markedly 

decreased cytochrame P-4S0 Oontent in chronic thyroid treatment, the 
\ 

percentage of the total amotmt of cytochrome P-4S0 which may be 

1 effectively reduced for ultimate dr.ug oxidation is probably much higher. 
. ~ 

,This possibility may be r~solved by the detennination of the-percentage 

of P- 450 reducible by NADPH ÎfOr a given time. 

Biochemical adaptation to thyroid dysfunction as a function of 

the duration of the latter may occlii. In accord to observations by 

Suzuki et al., C1967), wherein 'sorne microscrnal electron transport 

;' 
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camponents increased after an initial decrease following surgi cal 

thyroidectomy, NADPH cytochrome P~450 reductase fram liver microsames .... 

of chronically thyroxin treated rats shown in this study was ~quiactive 

to the euthyroid control rats at 5 weeks age. This adaptation to 

thyroid dysfunction ma" partly explain the lack of change of NADffi 

cytochrome c reductase activity in surgically thyroidectomized adult 
~ 

rats (Aranda and Eade, 1975bycompared to euthyroid rats. 

Thyroid dysfunction influence~ the effect of aminopyrine added 

in vitro to NADffi cytoehram~ P-450 reductase (Aranda and Eade, 1975b). 

In the normal 5 week oid rat, ~inopyrine significantly accelerates the 

reduction of eytochrome P- 450 by NADPH. Similar observations are noted 

in the 5 week old neonatally thyroxin treated rat. In contrast, amino-

" t pyrlne decelerates the rerluction of cytochrome P-450 by NADPH in the 
--> 

3 week old hypothyroid rat. These-observations suggest that a euthyroid 

state may be necessary for substrate enhancement to Qccur. Furthermore . 
the substrate enhanced cytochrome P-450 reduction is slgnificantly lower 

in the 5 week old hypothyroid and hyperthyroid rat compared to the 

euthyroid control rat (Aranda and Eade, 1975b). The mechanism underlying 

the influence of thyroid hormone on the in vitro effect of éD1Tinopyrine 

on the reduction of cytochrome P-450 is not known. The possibility of 

direct substrate-thyroid hormone interaction is negated by the lack of 

effect of thyroxm added in v~ (Aranda and fllde, 1975a). 

4: Characteristics of, the effect of thyroid hormone on the hepatie 

microsomal mixed function oxidase system. 

The effect of thyroid hormone on the hepatie mlcrosomal mixed function 

oxid~se system appears to be selective to a specifie substrate oxidative 

pathway; selective to a specific electron transport component; 
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dependent UJX>n the duration of the altered thyroid state; and 

rnarkedly influenced by the age at whicrh thyroid honnone is administered. 

The selectivity'of the effect of thyroid hormone on 
, ..-

suhstrate oxidation is evidenc-ed by the signlficant induction on the 

activity of aniline p-hydroxylase after 'a-..single dose of thyroxin in 

the ÏJTITIature animal and by significant acceleratioh of the maturation ... 
of this enzyme by repetitive achninistration of thyroid hormone. In 

contrast, aminopyrine N-demethylase activity is not changed by acute 

thyroxin treatment. Furthennore, repetitive treatment of immature 

animaIs with thyroid hormone result in initial repression of the activity 

of (aminopyrine demethylation. Similar selectivity of the effect of 

thkrO~d hOIm~e on specific substrate oxidations have been demonstrated 

in adult rats (Kato and Gilletttr, 1965, Kato and Takahashi, 1968, 

Suzuki et al., 1967). 
10> --, 

The basis for the se~ettive effect of thyrOld 
. .,. 

hormone on a specific substrate oxiQation is not clear~ The possibility 
8 

that the substrate speciticity of the effect of thyroid hormone is , 

probably due to androgenic effect has been proposed (Kato and Gillette, 

1965, Kato and Takahashi, 1968). lfiis hypothesis has not been adequately 

tested in -the immature animaIs. 

The selectlvity of the effect of thyroid honnone on specific 

microsomal electron transport camponents is illustrated by significant 
, 1 

acceleration of the maturation of NADPH oxidase activity and NADPH , 

'\;.ytochrCJTle c' reductase activity in irrmature rats treated with repetitive j 

" 
doses of thyroxln. In contrast, a significant repression of the 

development of tire terminal hemooxygenase, cytochrame P-450 is observeq 

fOl1owing similar treatment with thyroid hormone (Aranda and Eade, 1975a). 

Similar observations in adult rats of the selectivity of thyroid hormone 
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1 
effect on the microsomal electron transport component Ms béen noted 

(Kato and Takahashi, 1968, Suzuki et al., 1967). Again the basis 
1 

for .this selectivity is unclear. The influence of thyroid hormone on 

the metabolism of flavoprote±n NADPH cytochrame c reductase has been 

discuSsed (supra v~e) which may provide pa:tial explanation for this 
\ 

selectivity. The repressive effect of thyroid honnone on cytochrome 
. 

P-4S0 has alsopeen discussed (supra vide). 
~ 

The effect of thyroid honnone on the ~patic microsomal mj..xed 

. ftmction o~id.ase system is also dependent urm the dur~tion of thyroid 
t 

dysftmction. A five we~k old hypothyroid rat is significantly more 

responsive to the effect of thyroid hormone replacement therapy as 

against a 3 week old hypothyroid rat (Aranda and Eade, 1975a). This 

ohservation is prob,~VJi~èue to age-related changes in sensitivi ty to 

thyroid hormone, hawever, the changes in the activity o~ the drug 

metabolizing enzymes as a function of the duration of hypothyroidism 
~ 

in adult rats suggest that the duration of altered thyrOld state may be 

largely responsible for these changes (Suzuki et al., 19~7). 

The duration of postnatal thyroi~ dysfunction also influences the 

maturational pattern of microsamal drug oxidation. This is exemplified 

by a decrease in roninopyrine N-demethylation in the three week old 

hypothyroid rat but n~t in the 5 week old hypothyroid rat (Aranda 

and Eade,1975a). Similarly but in a converse fashion, an increase in 

aniline p-hydroxylation is noted in the three week 010 but not in the 

5 week old hypothyroid rats (Aranda and Eade, 1975a). These findings 

suggest sorne degree of compensatory mechanisms inherent in prolonged 

~ -hormonal imbalance. Indeed, a major difficulty in studying cell or 

enzymic differentiation in vivo using endogenous substrates is the 
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'prest!hce o~ feedback control mechanisms that 

the steady state (Thrasher, 1971). For instance, in hypothyroidism, . 
o 

the thyroid stinu1ating honnone (TSH) of the anterior pituitary land 

is greatly e1evated (Catt; 1970). 

per se may direct1y or indirectly alter the deve10pnent of ~microsomal 

drug oxidation~ To our knowledge, this honnonal intetÎ>1ay has not . 

been studied as it pertains to the '0rttogenesis of __ Ple hepatic m~d \ 

function oxidase system. 

The effect of thyroid honnone is detennined ta a greàt extent 

by the age at which, the honnone is administered. The age-relatedness 

to thyraxin response is dram.atical1y illustrated by the effect· of a 

''booster'' dose of thyroxin on aminopyrine N-demethY1ation. Whereas 

a significant inhibition of this substrate axidation is observea at 

age 3 weeks, a slight but insignifica.IJ.t inc'rease is noted at age 5 
, ~ 

weeks (Aranda and Eade, 197~a). Similar age-re1ated responsiveness 
, 

to thyroxin is further shown by the effect of a booster dose of 
1 

thyroxin on NADPH cytochrome c reductase activity on the neonatal 

thyroxin treated rat whe're a super induction was exhibited at age 5 weeks 

~ r -but not at ~ge 3 weeks (Aranda, 1974). ' . 
~r.J l' 

- These findings indicate that a major detenninant in the effect 

"j of thyroid honnone on the hepatk m,icrosanal mixed ftmction oxidase 

system is the age at which the honnàne is administered. Evidence for 

the va1idity of this assumption is provided be1ow. 

- . 

III. , 
. 

EVIDENCE TI-lAT AŒ. 15 A MAJOR D RMlNAN,I' IN 1HE EFFECT OF 1HYROID 
H~FMQ'Œ ON nIE HEPATIC MICRO' , MIXED FUNCTlON OXlDASE SYsrn.1 

r 

The \Vell known altered sensitivity of the newborn infant and ~ 

, c 

" 
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1mmature animaIs to drugs has been attributed to a great extent 

'to their alt~red capa6i~ty to 'handle drugs as exemplified by dfffer-
~ -' , 

ences in protein binding (Krasner, 1973), drug.distribution 

(~uPferberg ~d Way, ~965,), decreastd hepatic oxidative)illd conjugative 

b1otransfoTmlng ca,aclty (Fouts and Adamson, "1959, Yarfe et al., 1970, 

Pe1konen et al., 1973, Weiss et al., 1960) and decreased renal excretion 

of drugs (Bannett ct ~l., 1949, Nelson and McCracken, 197~, Sllnon 

and Axline, 196~). Evidence is now provided that there is variability 

I·in the intrinsic sensitivity of hepatic microsomal enzymes to inducing 

agents such as thyroxine There is a marked difference between the 

response of an ~ature and an adult animal to the ~ffect of hormones 

(thyroxin) on the hepatic microsomal drvg oxidizing enzymes (Aranda 

and Bade, 1975c). Within the 5 week postnatal period, dynamic 

variati~s qp thé responsiveness of the hepatic microsomal enzymes to 

thyroxin occur,and this is-best illustrated by the opposite effects 
/ 

1 

of thyroxin on the hepatic microsomal amlnopyrine N-demethylase and 
. ~ > 

aniline p-hydroxylase activity as a function of age (Aranda and Dade, 1975C). 

This observations appears to be independent of ùifferences 

in substrate-cytochrame P-4S~ interaction as evidence by the type II 

difference spectra obtained with aniline added to the liver microsomes 

fram immature and adult rat with or without thyroxin therapy (Aranda 

and Eade" 1975c). This difference in response to thyroxin could not 

be accounted for by changes in the electron, transport components due 

to thyroxin treaU1ent since there was no observed paraI leI change 
, \ 
between, e1ectrQn transport component and su strate oxidation. For 

instance', there was a decrease in cytochr e P-450 varying from 30% 

to 60% throughout the first 5 weeks in the adult period 
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after thyroxin tre~tment. On the other h<P1d, aniline p-hydroxylation 

was si,gIüficantly increased during the first 4 weeks of age followed 

by a decrease during 5 and 10 weeks of age. This change did not" 

paraI leI the observed effect of thyroxin on the electron transport 

cornponants. 

As discussed earlier (supra vide) NADPH cytochrome G reductase 

is ,a flavoprotein [Williams and Kamin, 1962) and its activity is dependent 

upon"the state of thyroid function since it5 metabolism is regulated 

by, the thyroid hOImone (Rivlin and Langdon, 1966, Rivlin et al., 1968). 

However, even the 1nfluence of thyroid hormone appears to be dependent 

upon age since the 3 week old male rat was re1a~ively insensitive t; 

the influence of thyroid hormone (Aranda and Eade, 1975s). A signi

ficant induction of NADPhl cytochrome c reductase by thyroxin was noted 

at aIl ages studied, except at age 3 weeks. Tt appears that marked 

differences in respanse to thyroxin may occur at thlS age which coin

cides with the weaning period./ The weaning period seems to be a 

transition from the lleonata1 pattern to the adult pattern of response 

ta thyroxin,of both aniline p-hydroxy1atlon and aminopyrine N-demethy1ation 

(Aranda and Eade, 1975c). The mechanism under1ying this transition 

'~ 

is still poorly understood. 

, In accord with .the observation of Phillips and Langdon (195fl), 

studies in our laboratory demonstrate that in the adult animal, an 

almost linear increase in NADPH cytochrome c redl1ctase activity as a ' 

function of the duratia 

week (Aranda and Ead 

much earlier and aD.l1Jef~ 

thyroxin treatment occurs during the first 

In contrast the inmature animal responds 

ta plateau at a lower leve1. This difference 

.:f " 

.. 
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between the young and t~e adult annnal's response to thyrolin as a 

function of the duration of treatment is drrunatically illustrated by 

the effect of thyroxin treatment on cytochrame P-450 and aminopyrine 

N-demethylase in the young and adult annnai (Aranda and Eade, 1975c). 

Thyroxin tteatment produced an initial increase in the cytochrame
c
p-4S0 

o 

content followed by a decrease wi~ prolongation nf thyroxin treatment. 

In contrast, thyroxin treatment produced an immediate decrease in 

cytochrome P-450 content. The obvious nnplication of this observation 

rests on the fact that in comparing the age-related responses of the 
~ 

hepatic microsamal mixed function oxidase system, the duration of treat-

ment may be a determiningcfactor for th~ quantitative or qualitative 

changes observed. Although the magnitude or degree of quantitative 

change may be partly dose-related, the q'Jalitative change (inhibition or 

induction) as a nmetian of age appe~rs to be inde pendent of the dose 

(Aranda and Eade,1975c). 

Although age as a major determinant in the host response to drug 

-is generally accepted and is under~cored in severa1 reviews (Done, 1964, 

Sereni and P~incipi, 1968, Yaffe, 1974, Nyhan, 1961, Weinsteln, 1968)' 

the 'fundàmenta1 reason(s) tmder1ying the variab~llty of response of an 
'. 

organ system to a drug as a function of age remains unsettled. 'The 
\ 

failure to induce hepatic microsomal,drug-metabolizing enzymes by 

phenobarbital few days prior to birth (Hart et al., 1962) and the ready 

inducibility of these same enzymes after birth suggest that the machinery 

for enzyme synthesis is an obvious prerequisite for the activation of 

enzyme synthesis (Greengard, 1971). Postnatally, however, ~t appears 

that the required co-factors for hepatic microsomal drug oxidation are 
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present (Fouts et al., 1959) and the ,progressive increase in the 

-- v-

synthesis of thèse eniymes (Dallner et al., 1966) occurringOafter birth -- .' 

indicates that the màchinerY for thç synthesis of microsanal enzymes 

are developed. This' argunent does not explain the decreased responsive

ness of the micTosomal enzymes at a cértain period postnatally 

such as the lack of effect of thyroxin ~n NADPH cytochrame c reductase 

at age 3- weeks. One ftmdamental cellular function that may change with 

age is the rate of protein synthesis CWater1ow, 1968, Winick and Noble, 

1965,Winick and Noble, 1966). The rate of protein synthesis changes 

-as a function of age, and it is possible that a-spec~fic enzyme may have 

varying rates of synthesis and degradat~at change5 with age. This 
,- , 

would result in qlM1ntitative variations in the response of an enzyme 
a, 

system to a specific inducing agent, that is, induction when protein 

synthesis is maximal may resu1t in maximal response to the inducing agent. 

To our knowledge, turnover studies of hepatic microsomal enzymes as a .. 
function of age and in the presence of inducing agents have not yet been 

done. 

Clinical applications of age-related inducibility of enzyme systems . 

has been demonstrated in steroid induction of other organ systems ° 

such as the lungs (Liggins et al., 1972, Baden et al., 1972). Por 

instance, induction of pulmonary surfactant ~o prevent hyaline membrane 

disease in newborn infant occurred when steroids were administered-before , 

32 weeks of gestation and in~uction was not successful when steroids 
1 

weie given later than ~2 ~eeks gestatio~ (Liggins et al., 1972) or after 
1 

birth (Bade~ et al., 1972)." 

. ' 

J 
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roSSIBLE rvœaWHS\fS l~IERF.BY 'Dm EFFECT OF :rnYROIQ 'IDlM)NE ON· mE 
fŒPATIC M1CR?SCMAL DRIR:; OXIDIZ~ FNZYMES 1S MEDIA.,1'ED : " 

The flUldamental mechanism underlying alÎ df '-'the kno\:Yl1 effects. of 
1 

thyroid hormone is still unsett1ed (Catt, 1970, Sokoloff, 1971). 

It i$ highly probable that the primary action of thyroicl honnone invol ves 

a process 50 basic to cellular function that its regulation eventually 
i .-l't .... .( ramifies into aIl the metabolic processes, 5uch as m~crosomal drug, 

oxidation, which have been shown to be modified in thyroLd dysfunction. 
1 

As mentioned ear1ier, a basic process of cellular activity is prote~n 

" synthesis, whic,h has been shown to be stimulated by thymid llonnon~ 
--...., 

both in vitro and in vivo (Tata, 1967, So~oloff ~a1., 1963, 

Tata et al., 1963). The postnatal increase in the drug-oxidative 
, 

enzymes prohab1y represents de nova protein synthesis (Dallner ~ al. , 

1966) and i t. is l1kely that } increase in thyroid homone would lncrease 

Û1e rate of postnatal synthe;1s 'of enzyme proteins as ref1ected by 

increased NADPH oxidase, NADPH cytochrame c reductase and aniline' 

p-hydroxylase activity (Aranda and Eade, 1975a). However,' this mechanism 

does .not explam the repression of the development of cytochromc P-450 

and am~nopyrine N-demethylation (Aranda and Eade, 1975a). Nonetheless, 

a unified mechanism invo1ving stimulation of protein synthesis is likely , 

if one invokes the possibility of an imbalance between rate of synthesis 
, 

and rate of degradation resulting ln a net mcreased or net decreased 

protein synthesis. Such an imba1ance between synthesis and dcgradation 

has been demonstrated by the effeet of methy1mercury ~ydroxi~e on hepatic 

cytochrome P-4S0 (Lucier et al., 1973). Thi rate of incoI-poration of 

radio-activity from lahelled 6-amino1evulinic acid into cytochrome 
" 

1 

P-450 did not appear to be affected by methylmercury but the degradation 

, 
.. 

1 

1 

1 

·1 
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of the labe11ed cytochrome P-4S0 oëcurred twice as fast in the 

methylmercury treated rats compared to èontrols CLucier et al., 1973). 

, Increased 'l'rotein turnov~r in hyperthyroidisrn and decreased protein 
4 

turnover in hypo'thyroidism in the mitochondria have been demonstrated 

- (Gross, 1971) and the possibi1ity of a1tered micro5omal pro~ein turn

over under states of thyroiù dysfunction is highly probable. The 

coherent sequence in' integrating a11 of these ef~ects of thyroid 

hotmone on the ontogenesis of the mixed function oxioase system needs 

further 1nvestigation. 

It has been suggcsted that thyroxin may increase drug oxidatlon 

by faci1itating the availabillty of oxygen to the slmstrate (~ato, 1~70). 

This intri~ing hypothesis ga1ns support wi th the ~ervation that 

hyperthyroid,pat3.ents have a 1eft to rigJ:1t shift in the hemoglobin 

oXygen dissociation curv~ith a resultant increase in P~50, the oxygen 

, tension at whiçh 50% of t1e hemo~~obm i5 oxygen-saturated (Miller et 

al., 1970, Synder and Re.rldy, 1970).. This decreased hemoglobin ox)rgen 

affini ty facilitates oxygen tJ;.:ansfer to the tIssues (Miller et al., 

1970, Schussler et al., 1971) and a similar facilitation of oxygen 
~ 

transfer fram the hemoprotein to the substrate undergo1ng oX1dation may 
~. 

oecur. However, the exact bioehemical mechanism.for oxygen trànsfer 
.., 1 .... 

.-
fram the cytochrame P-4S0 to the substrate 15 not completely under-

stood yet (Ullrièh, 1971). Nonetheless, the possibl'lity remains that ... 
thyroxin may exert an effect at this step of drug oxida~ion. 

Oth~r pos~ible ~echanismt whereby thyroid hormone ~y exert 

its effect on the hepatic microsomal drug metabolizing enzymes are 
, ' 

throu~he rE;gulation ot the metabolism of flavoprotem e1ectron 

• 1 , 
) 
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accepto"rs su~ as NADPf:I cytochrome c reductase, and through the 
, . 

penni"Ssive 'effect of thyroid honnone on grQWth honnone. Roth of 

~thesé possibilities have been discussed previotisly. 
ft .... ;' ... \ -.' 

.. 1 ~ 
o ' 

The temporal events leading to_full maturation of microsomal 
~ • 1 

~.. "" fi ~. "". 1 

, drug oxidative capabi:IÙ:y and the facrtlrs regulating these event~ are 
• ~ 1 

"' . 
:areas of major interest in pe;inatal phannacol~gy. Identification of ... 
physiologiçal and pharmacological influences which allow fof increased 

drug-metabolizing enzymé activity in the mature anirnal.mar~lucidate 
-1 '''--, '- Jill-

the nonnal sequence of the maturation of biochemical events in~rug , 

metabolism. This study êmphasizes the vulnerability of the develop

mental profile of the microsomal drug metabolizing enzymes to changes 
, 

in thyroid state and provi?~'s a basis f9r the possible role of the 

thyroid gland in the ontogenesis of the ,'hepatic mixed ftmction 

oxidase system. 

1 • 

• 

• 
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COl'l:LUSIONS and STA'fBvIENT OF ORIGINAL CONI'ENf 

, The.following pOints~established in the foregoing thesis, represent 

original descritlions and contributions to knowledge: 

1. The htunan newborn infant, ml ike the newborn' experimental animal;, has 

significant, aithough,quantitatively defiçi~t activity and ampunt, of 
. . 

hepatic microsomal drug metabolizing,enzyme~ ns compared to the adult!i. 

In th~ premature infant, there ~s a significant deficiency in the rate 

of hepatic microsornal / dTIlg. oxidation "(aniline prhydroxylé~tion and, . 

àminopyrine N-demethylation), and in the activity of the hepatic micto

somai electron transport enzymes. 

~ 

2. In the premature and full term infant, aniline is a better substrate for 

the hepatic microsamal mixed function oxidase compared to aminopyrine, thus 

providing a suggestive evidence for preferential subcellular substrate 

oxidation (i.e., sorne drugs are more efficiently metaholized in the neonatal 

period). 

r . 
3. In the premature and full term infants, the p-hydroxylatlon of aniline 

~ 

correlated with postconceptional age whereas the N-demethylation of amino-
" 

pyrine did not, suggesting that there is a differential development of 
. ~ 

various drug oxidative pathways~during the neonatal perjod. 

4. In the premature and full term infant, there is a progressive increase in 

t1\e acti vi ty- of the hepatic microsomal drug-metaboli z'Ïng enzymes as a 
\ 

• 1\ 

function of p6stconceptiona~ agé. ,This implies that ~ithin the neonatal 

period there· is a significant change toward~ an increasmg capability to 
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rnetabo1ize drugs. This suggests a need"for 'constant ~va1uation of the 
" 

newborn infant's pharmacodynamic response in ôrde~ to achieve the desired 

• 
th~rapeutic response and obviate toxic reactiOhs or undertreatment. 

J 

5. In the prematùre and full tenn ,infant, there i5' no measurable act1 vi ty 

< of NADffi cyto,chroJœ P-4S0 reductase, the pOJ?sible rate limiting step in 

~rug oxidation. 
, 

} , 
6. In irrrna'ture male rats, 'an acute dose of thy-roxin produced significant 

induction of hepatic rnicrosomal aniline p-hydroxylase, NADPH oxidase, 

MDPH cytochrome c reductase cytochrome P- 450 and microsoma1,.. protein 

content. Nô effect was noted with aminopyrine N-demethy-lase suggesting 

that the effect of thyroid hOimone in the iJ\1Tlature animal may hè selective 

to certain substrate oxidative enzymes. 

" 7. In the male immature rats, a chronic hyperthyrold state produced acce1era-

tion of the developmenn of hepatic rnicrosoma1 aniline p-hydroxylase, 

MDPH oxida~e and NADPH cytoehrorne c reductaoe. This ohservation suggests 

that thyroxin may act' as "indu<Z.er" for these microsomal enzymes. 

8. In the male immature rat, chronic hyperthyroid state resu1ted ln decelera-
" 

tion of the develàpnimt of cytochrorne P-4S0 suggE'sting se1ecti vi tY of 

thyroid hQnnone effect on the deve lopment of 'the hepatic mi,crosomal 

~nzymes. Whereas acce1eration of the developrnent is noted in most enzymes, 

deceleration of cytochrame P-4S0 development occurs. 

9. In the-male Ï111nature rats, hypothyroidisrn produced by 1311 ~njection at 

birth resulted in effects opposite to hyperthyroidism Ci. e., deè'eleration ., 

of the developrnent of ,NADPH cytOCh'rotœ(c reductase and acce1eration of the 

/ 
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c 

~velopment- of cytochrome P-4S0). These eff~ts were. reversed by 
, 

treatment'witft L-thyroxin in the hypothyroid rats. ' 

. 
10. In the male inmattrre rat, thé peak activity of ani~ine p-hyd.roxy1ase 

is shifted from five weeks .to one week by short term a~nistration of 
r' • 

<' 

thyroxin inTnediat,ely after birth. )his suggeS1:s enzymic differ.entiation 
,J< 

of aniline p-hydroxylase Oy thyroxine . 

Il. In the male ~ture rat, there is a transient acceleratiên' in the 
• '0\ 

'Oevelopment of NADPH cytochrome c reductase induced by short term treat-
, . 

xin immediately after birth. 

12. The most --"" yme to thyroxin effect in the h'epatic microsomal 

13. 

. ~ 

drug oxidizing enzymes in the male imnature rat appears to he· NADPH. 

cytochrome c reductase. 

~ -
In'the male rat, subacute treatment (3 days) using equiva1ent doses of 

thyroxin (l ugJgJday) administered at varying pos!nata1 ages, resulted 
(, 

in induction of aniline p-hydroxylase at ages 3 days to 4 weeks and in 

inhibition at ages S,and 10 weeks. Conversely, the same treatment with ,- , 
" 

tPrroxin resul~ed in inhibition of aminopytine N-~ernethylase at ages \ 

l to 3 weeks, no eftect at 4 weeks and induction at S,and 10 weéks. When 

expressed as percentage ~ange of control value as a ,function of postnatal~ 
J 

age, the opposite effects'of thyroxin on' aniline p-hydroxylase and amino-
, l , 

pyrine N-dernethy1ase becomes obvious. These results indicate that th~ 

enzyme titres achieved in response to thyroxin is gr~atly determi~ by 

the age at which thyroxin is adminis~ered. This,suggests that the effec

tiveness of induc,tion may depend upon the tirrdng of administration of the 



• 
1 

e • 

•. - . 

,1 

- 199' -

inducing agent. 

1 
\ 

14. The ch~e's in activity or c~ta of hepatic DÛcrosomal d11lg oxidative 
, 

enzymes as a func~ion of the dUTation of ~l tered thyroid state is ..... . ' . 
different in the imnature rat as compared to the adult rat. ~ereas 

a 50 tô 60% decrease in cytochrome P-4S0 content is obtained ~t~in 

. ~~ hOUTS ~in the ad?l t r.~t., an initial increase fo11owed b~ a decrease 

in cytochrome P-~5p çontent is obtained in the inlnatu1'e rat. . 

15.' ~: fore~o:i,ng observations deJronstrate fot the first tinte tha\ thyroxi~ 
signific~tly a1ters the ontogenetic pattern of the h~patic mi cros omal 

~ 

drug Qxidizin~ enzymes. This sùggests that thyroxin 'may be an important 

factor in the regulation of the developrnent of the hepatic miirosomal 

DÛxed ftmction oxidase system. ../ 1 
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TIffROID HOIMJNE AND HEPATIC DRUG HETABOLI~1 
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A. ROOND: 

'The concept' that thyro:i.d hormone is a significant detet:minant 

in hepatic drug metabol~.has its t~ts in the efir~y 190~'s, howeve! ., ,J7--

i ts potential signi~icanc~ remained unrecogn,ised untH recently. 'flle 

probable basis of the acetonitri1e test, for hyperthyroidism·described 

by- Hunt (1905, 1907) and Hunt and Seidel (19Q9) tested on the , . 
, . 

observation that chemical1y hypetthyToid mice resisted toxic doses of 

ace toni tri le , a methyl cyan~d~ compound. Carlson and Woe1fe1 (1910) 

fed mice with ~ssicated thyroid daily and éonfirmed Hunt's observation 
- , 

(Hunt, 1905,1907) by demonstrating that a 2.5 fold increase ID the 

acetonitrile dose that killed the normal mice failed to kil1 the thyroid-

fed ones. These findings were not adequately explained. Acetonitrile a 

cyanide, is biotransformed into thiocyanate by mitochrondrial thiosul-

p~ate sulfurtransferase (rhodanase) resu1ting Into a 200-fo1d reduction 

in toxicity (WillIams, 1971) and it is possible that thyroid hormone 

enhanced this detoxication process. 01ds (1910) providcd further 

ev~dencc that a euthyroid state is necessary for a normal drug response. 

Surgically thyroidectamized rats that were given morphine had a 

95.6% mortality compared to 47.6% mortality in the control rats which 

were given the 'same dose of morphine, a drug which undergoes hepatic 
.. 

glucuronide conjugation and microsomal N-demethylation for termination 

~ôf drug action and e1imination (Jaffe, 1970). 'Thè increased sensitivity 

to morphine in hypothyroidism was later confirmed in rats (Busco, 1925) 

and rabb~ts (Newton, 19~4) and the converse demonstration of increased 

J 
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to1erance to morphine administration in chronic thyroid feeding 

(Scarborough, 1926) 1ed. to an incrcased snspicion that the thyroid 

~land influenced the duration of ~rug action. 

The possible clinica1 significance of these animal obser

vations was d~onstrated by Lun~ and Benedict (1929)· Wl10 repprted 

a 36 year old hypothyroid female, with a markedly prolongerl morphine 

eEfect post-operatively, characterized by a profound respiratory 

depression attributed to a p?e-operative medication,of 10 mg morphine 

sulphate. This observed idio~yncratic reaction to morphine, and the 
~ 

increasè a~ity of ~4-3-ketosteroid hydrogen~s~s in hepatic microsomes 

of rats pretreatcd wi th thyroxin (McGuire <l'1d Tomkins, 1959) lcrt 

to the demonstration (Conney knd Garren, 1961)-<~at thyroxin pre

treatment of rats resulted i~ an a1tered hepàf~{drug biotran?formation 

as evïdenced by increagrl 2Oxazolamine metabollSffi in vivo paralleled 

with shortened paralysis ti.rne anrt increased activlty of NAD~I 

generating enzymes. --
B. 

/ 
lliYROID HORHONE AND' HEPATIC MICROSOM\L ELECfRON TRANSroRT 
'AND SUBSTRATE OXIDATIO~: 

r------- 1. Animal Studies 
( 

The increased turnover of steroi(ls in thyrotoxi COSIS (LeVln and 

Daughadays, 195 S, Pctersen, 1958) 1ert to the elucldation of the role 

of thyroxin in NADPH <lependent biotransformation of steroids by the 

livpr (HcGuire and Tompklns, 1959). These hcpatlc enzymes involved 

with steroid biotransfo~ation have a remarkab1c similarity ~th those 

invo1ved ln drug oxidation. For instance, enzymes for the biotrans-

• 
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formation of both steroids and exogenous SlIDstrates are localized 

in the liver microsornes, require NADffi and are oxygen dependent (Mannering, 1971, 

Con.,ey, 1967, Cormey, 1971, Gillette et al.,. 1957). Because of 
1 

these observed simi1arities hetween the hydroxyl~ses-of both steroids 

and exogenous substrates,and becavse thyroid hormone increased the 

activity of the steroid hydroxy1ating enzymes, it was postu1ated and 

subsequent1y shown that thyroid honnone has a signi ficant influence 
" 

on the hepatic microsoma1 dnlg oxidative enzymes (Conney and Garren, 

, .... 196.1, Prange et al., 1966, Kato and Gillette, 1965). 

Tables 1 to IV sLUrinarize the effect of thyroidectomy and 

of thyroid hormone treatment, on various substrate oxidations and the 

components of the hepatic microsama1 e1ectron transport pathway. 

Notwithstanding a few inconsistencies, the 1iterature a110ws the 

fo11owing generalizations:in male rats, thyroxin aàministered for at 

least ln days decreases Type 1 substrate oxidations (aminopyrine N

demethylation, hexobarbita1 hydroxylation, morphine N-demethylation, 

testosterone hydroxylation and progc~erone hydroxyl~tion), tncreases 
, , .. 

Type II substratc oxidatlon (aniline p-hydroxylation), Increases 

NADPH oxidase activi ty and NADPH cytochrome c reductase activity but 

decreases cytochrome P-450 content .. 

• In female rats,thyroxin augments or does not affect Type 1 

(Sl~ra vide) oxida~ion and enhances Type II substrate oxidations. 

However, there appears to he no sex difference in the effect of 

thyroxin on the hepatic microsomal electron flux, for thyroxin Increases 

the NADHI oxidase activi ty and NADPH cytochrome c reducta.,e but 1 . 1 

\ 

\ 
\ 
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decreases cytochrame P-4S0 in both sexes. 
, 

Thyroidectorny results in a decrease in electron f11~ as 

evidenced by decreased activity of NAUprr oxidase and NADl~( cytoch~ome 

c reductase in both sexes. No effect was ohservahle in cytochrome 

P-450 in either sex. The decrease in the carrier flavoprotein was 

reversible by tri-ionothyronine administration. Cytochrome P-450 

showed the typical responsc to thyroxin, i.e. a nccreasc in'the hemo-

protein content, with the replacement therapy using tn-iod0thyronine . 
, 

The activity of the substrate oxidative enzymes (aminopyrine 

N-d~et:thYlas~ hexobarbitâl hydroxYlasd, ru:.~line p-hydroxylase) and,' 

p-nltro e OIC acid reduction were uniformly decreased by surgical, 

thyroi tomy. These were aIl reversed by replacement therapy with 

tri - iodothyronine in the female rat but not in the male rat. Thé se , 

ObVlOUS differenccs in response due to sex which have been ohservcd 
, 

aiso in otherpatQophysiologic states, e.g., starvation (Kata and 

, , 

'1 

Gillette, 1965) raised the con~p~ of androgPTI dependent micr~so~al OXl

dative enzymes (Kata and TikahJshi, 1068) as exempllfied by aminopyrine 

~-demethylase and hexobarbital hydroxyl.'lsc. This hypothesis arivanced 

t~e possibl1ity of bipartite composition of the enzym~s, one par~, the 

1esser portion, represcnting the basal actlVity '~l1ch lS incrcascd by 

thyroxin and the gr~ater Portion, the androgen-dependent activlty which 

i5 decrea5ed by thyroxm. Thi~ concept gamed support from the ohser

vations that lna1e .castrated rats treated with thyroxm showcd the female 

pattern in aminopyrine N-demethylation, hexoharbital hydroxylation and' 

aniline p- hydroxylation and that methyl testosteronp therapy revcrt'e(l 

this pattern back into the male response to thyroxin (Kato anrl'Gillette, 

1. 

1 

" 
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1965). The ma1e-fema1e variation has been attributed to diff~rences 

in sex hOrn)Ones (Quitm et al., 1958, Kato and Onada, 197()) to 

quantitative differences in substrate ~inding to cytochrome P-450 
, 

(Schenkman et al., 1967a, 1)) and to clifferences in the sllbstrate-enhancerl 

rate of NADPH cytochrome P-450 reductase (Gi11ette and Gram) 1969). 

Gillette (1963) found that thyroidectomy of immature fema1e . 
t f 1 . h BIr d d .. f· ra s or treatment 0 mature ma e rats Wl t pro uce no Slgnl l.cant 

effect on the microsOOlal enzymes that catalyze the metabo1ism of hexo-

barbital, acetanilid and monomethyl-4-aminopyrine. Orrenius et al. 

0.965) found similar obs~rvations that surgi~i thyroirtectomy proclu~ed 

no effect on aminonyrine N-demethylation. These observations which are 
~ 

inconsistent with the work of other investi~ators (Kato and Takahashi, 

1968) could probably be explained by the duration of the thy.roidectomized 
, 

state relative to the measurements of the microsorna1 oxidative process. 

Adaptive response occurs in thyroidectomy as evidencen hy an abrupt 

increase in cytochrome P-450 and cytochrome b5~ thyroidectomized rats 

15 days post-thyro~ectomy (S~zuki ~t al., 1967). Similarly, an initial 

decrease in aminoPYrine N-demethylation followed by arise to near normal 

leve1 occurs in prolonged (5 weeks) thyroxin therapy in immature male 

rats (Aranda et al., 1974). The isolaten observrttion of an 'increase 

cytochrome P-450 and cytochrome b5 (Ra,~ and Ancs de Silva, 1965) in 

hyperthyroidism however remains ~explained. 

2. Hunal1 Studies 

The prolonged morphine effect in a hypothyroid female patient 

reported by Lund and Benedict in 19~9 prohably rèpresents the earliest 

published observations of the potential clinical signl~ance of the 
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• influence of the thyroid hormone on hepatic drug biotransformation. 

Presentry, there ~s very little information r~garding the relationship 

of thyroid function to hepatic microsomal drug metabolism in man. 

/ 

Brunk et al (1969, 1974) showed a prolonged antjpyrine plasma half-life 
'j 

in myxedemàtons hypothyroid patients. Similarly.Vessel a~d 

Passananti (1973) demonstrated a prolonged antipyrine half-lifc in 

~. 2 hypothyroid patients (T' = 24 and 36 hours) and shortened antipyrine 

half-life in 2 hyperthyroid patients CT! = 6.9 and 7.2 hours) relative 

to the half-life in, nonnal healthy volt.n1teers (T~ = 10',9'!:"0.5 hours). 

", 

, 
More recently, Crooks et al. (197)) confirmed Vessel's observation 

by the demonstration of an increasyd antipyrine half-life in 20 

hypothyroid female patients (T! = l6.2,!:"2.3 hours) and shortened half-life 

in 11 hyperthyroid patients (T,- = 7.9,!:"O.6 hours)'rclat1ve to )6 normal 

adults (T~ = 10.8:0.4 hours). Evirlencf' ~as been proviçled that the 

level of circulat1ng thyroid hormone may be important in controlling 

the rate of drug metabolism. A close inverse correlation hetween the 

serum thyroxin levels and the correspondi~ serum half-life,of antipyrine . ' 

1n four pat1ents with hyperthyroidism before and after sub-total 

thyroidectomy and in four patients with hypothyroidism' bcfore and after 
• 1 

treatment with thyroid hormone has been demonstrated (Eichelbaum et 
• -al., 1974). In thyrotoxic patients trcated with the ant1thyroid drug 

carbimozole, the plasma half-11fe of antipyrinc increased from 8.Q+l.0 

hours after one week of therapy to 11. 4+ 1.1 hJurs after nine weeks. 

(Crooks e! al., 1973). If tri-iodothyronine was administered concomit

tantly with carbimozole, the normalization of antipyrine half-life 

- occurred much less rapidly (Crooks, 1973). 

Since a variety of endogenous ~ubstrates such a? fatty acids, bile 

acids and honnones (Lu et al., 1968, Conney and Kmtzman, 1971, 

-, 
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Voight et al., 1968) ùndergocs biotransformation catalyzed hy the 

microsoma1 mixed function.oxidases, it~s not unexpected that the Î 
~ 

turnover of sorne ,endog~nous suhstrates is altered in thyroid dysfunction. 

Indeed, increased steroid metabolism has been-demonstrated in thyro-, 

toxicosis (Levin and Daughaday, 1955, .Petersen, 1958). 

The availab1e data in the literatùre do not a110w definitiye 

generalization regarding the relationship of thyroid status and hepatic 

biotransformation of drugs in man. It apnears,that a h~rt~yroid 

state may accelerate the,rate of ~epatiè microsomal biot!ansformation ... 
of drugs, and converse1y, a hypothyrOld state may decrease the same 

biotraTlsfonna.tion proœss. Further sturlies are needed to evaluate 'this 

relationship in man. 

. . 

. . 

J 

.j 

. , 
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TABLE 1 : EFFECT OF 11iYROID lDRMONE ON HEPATIC MIŒOSCMAL ELEctRoN TRANSPORT 

Enzyme c 

NADPH 
axidase 

NADPH cyto
chrane c 
reductase 

Species, 
sex, weight 

Rat, wistar 
M 190 g 
F 160 g 

M"190 g 

Rat, wistàr 
~l 190 g . 
F 160 g 

M 190 g 

-... 

NADPH n~- --Rat', wistar 
tetrazo1itlll:'" .M 190 g 
reductase . F 160 g 

..:) 190 g 

Thyroid honnone 
dose/duration 

T4 1 mg/kg i.p./ 
clay x 10 days • 

1 as above 

as above 

Other dmgs 
dose t duration 

Pheriobarbi t1aL 
80 mg/kg 481 & 
72 hrs 

as above Phenobarbital 
80'mg/kg 48 & 

... . 72 hrs~ 

T 4 1 ug/kg/ clay 
o.p. x 10 days 

as above Phenobarbital 
80 mg/kg i. p. 
(2 doses) 

.;. 
(l 

.. 

Re sul t 

Increased1 in M & p4 

Increased2 

Increasedl in M &_F 

·2 -
Increased. 

Increased1 in M & F 

In~eased2 

> • 

Reference 

A 

A 

A 

-A 

A 

A. J 

e 

• 

, 

" 

, 
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TABLE 1 continued 
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TABLE 1 continued " 

, 
Enzyme + Species, 
other pararne,ters' sex, weigJ;t 

_ Cytoc1irome P-4S0 Rat, w:i,st<!I' 
M 

M 190 g 

'/ ~ 1~60-80 g 

" , 
Microsanal as above 
protein 

... 

A - Kato' and Takahashi, 1968 
:B - Kato et al., 1970 

~ , 

Thyroid honnone 

as above 

o 

as aboVe.' 

T4 1. 5 mg/kg/ 
day x 10 days 

as above 

~ 

l - Compared to control (untreated) groups 
2 - Compàred:to thyroxin treated groups 
3 - Dose p~ior to sacrifice 

'\. 

.. 

t 
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,: 

orher dl'U~ Results 

,.. Decreâsed1 in M & F 

Phenobarbital Increased2 

80 mg/kg i;p. 
(2 doses) 

Dec~eased1 in M & F 

No change1 

t. 

" 

, . j 

f. 

:~ e 
~ 
1 

s' .. \ , \' , 

" 

Refer~nce 

B 

A 

Be 

B . 
,-

J 

rt 

, , 

" 

fi 
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TABLE II :, 
''',t ...... 

Substrate 
.axidized 

" . 
.;1 

- 210 -

~ . 
,,'" ~. 

~FFE~ OF TI-IYROID I-KJIK)NE nIERAPY ON HEPATIC MICROS~ - SUBSTRATE OXlDATION . ~ 

!mimaI, 
sex, weight 

Thyroid hormone Surgical 
. treatment procedures 

Otl}er èlrug 
pretreat:nYJnt 

.. 
Results , 

Am.inopyrine .Rat, wistar T4 1.-5 mg/kg/ 
M & F day ft 10 days 

. ' dl. M Decrease ID. 

J 

<, 

16.Q-180 g , 

Rat, Sprague T4 1.5 mg/kg/ 
Dà.w1ey clay x 14 days 
M 180 g 
F 160 g -:, 

Rat, wistar T4 1 mg/kgl 
M 190 g . day x 10 days 
F 160 g 

M 190 g as above 
l' 

Rat, SD, M 14 1 \ 5, mg/kg/ 
day.x 14 days 

Rat ,l': SD, 'M as above 

Rat, SD, F as above 
(100"110 g) 

as above 

-----:: 

Castration 

. " 

Castration 

castration 

castration 

"'" 

-
#' 

. 1 
iJecreased1 in M 
Inc:reased in F 

Decreasedl 
in M 

Increasedl in F 

Phenobarbital Increased
2 

80 îng!kg i. p . 
(2 doses) 

. 1 
. No change 

Methyltestos- Decreased
1 

ter one 
. 1 

No change 

Methyltestos- Decreased1 

ter,one -"~ 

o 0 

'-

- 'i 

.-/ 
, . , 

.? 

" 
Reference. 

B 

A 
A 

'. t, 
#' 

C 

~ 

C 

"'--' 

~ .. 

t-A 
. -:,.. 

"A 

'" 
A 

~ . .." 
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........... TABLE II corttinued 

~ 

- ~ .. . . ' J, • 

Substrate Animal , Thyroid honnone Surgical Other drug ,-
oxidized sex z wei$t t,reatment frocedures . Eretreatment Results Reference 

Aniline Rat, wistar T4 1'.5 mg/kgf Increased in M & pl B 
M,& F day· x 10 days 

160-180 g 

M 190 g T4 1 mg/kgf Increased in' bath M & pl c 
clay x 10 days 

.. 
Phenobarbi tal Increased2 

Rat, wistar T4 1 mg/kg/, C 
M day x 10 days 80 mg/kg 

" (2 doses) 

Rat, 5D ,'" t' T4 1.5 mg/kgf Increased in M &'Fl A 

M 180 g day x 14 clays ~ 

J' 

p 160 g 

~" . 
. . .... . 

Increased1 
M as above Castration A 

M as above Castration 
1 A Methyltestos- lncreased 

terone 

F as above Castration Increased1 
~ , 

.<!'.A 

'. Methy1testos- Increased1 
F /' as above Castration A' 

1 terone 
1 . 

Hexobaroi.- Rat, SI) T4 0 .. 2 mg/clay ProlOngedl D 
ta! (sleep- M 70-80 g x 18-20 days -: 
ing time) 

Il "' • 
~ • 

'" 
.- , 
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~ 

TABLE II continued 
1 , 

Substrate ' Animal Thyro1.d honnone Surgica1 Other -dTIlg _ 
oxidized sex z weight treatraent Erocedures Eretreatment Results Reference 

~ 1 

Hexobarbital Rat, sn T4 0.2 g dai1y Decreased1 n 
M 70-80 g ~ 18-20 days -'" 

\ Rat, wlastar T4 LS mg/kgf 
' 1 

Decreased in M )' 
W &. Fù . day x.10 days ~, Increased in FI B 
160-180 g 

Ra t ~ Wist.ar T4 1 mg/kgf DecreasJd: in Ml "Ç 
M 190 g clay x 10 clays I~cre~ed in FI -. ...., F l6Q g ~ , . k-, 

M - as ilbove Phenobarbital Incre~ed2 
80 mg/kg 
(2 doses) ;1 

Rat, sn T4 1.S mg/kgf Decreased iq ~ A 
M 180 g clay Je 14 days 

- F 160 g 
~ 

M as above 
, 

Castration No.changel .:: A .. 

\ ~thyl testos" Decreasedl ' . 
M as above Castration A 

terone 

F as above Castration - ch' 1 :ri:> ange if A 

as above Castration - 1 Methy1testos- Decreased A "" 
terone 

11'4 

tI 

" 
# "". 

--
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TABLE' II con tinued 
/ 

• 

Substrate Animal, Thyroid honnone Surgical Other drug 
oxidized sex, weight treatment procedures pretreatment Results Reference 

t , 
," , 

No change! M:l.rphlne Rat, NIH T4 90 ug/day E 
M 20Ô-300 g x 7 days 

Decreased! 
\ 

T4 90 ug/day E 
x 10 days 

T4 90 ug/day Decreased! E 
14-19 days 

..,. 1 . .. ' 
p-Nitro- Rat, wistar T4 1 ug/kg/clay Increased in M C 
benzoic M 190 g x 1'0 days ~ acid F 160 g 

M as above Phenobarbital Increased2 C 
80 mg/kg 1 

(2 doses) 

~ 

T 4 1 mgjkg/ day 'Decreaséd in ~ Proges- Rat, wistar F 
terone M&F x 10 days 

180-200 g 

Testos- as above as above 
' . f 1 

Decreased in M G 
terone 

/ • 
Zoxazo1- Rat, sn T4 0.2 ngm/day Short~ D 
amine x 18-20 days. 1 
(para1y- ~, 

sis time) 

;. ~ 

>-' / ~ 

, 
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TABLE II continued 

Substrate Animal,. 
oxi!fized sex 2 weight 

Zoxazol- as above 
amiHe~ 
vivo meta ) 

Zoxazol- Rat, SD 
~e @. M 180 g 
vitro) F 160 g 

Zoxazol- Rat, wistar 
amine M&F 

160-180 g 

Thyroid honnone 
treatment 

as abève 

1.5 ngm/kg/ day 
x 14 days 

T4 1. 5 mg/kg! day 
x 10 days 

A - Kato and Gi11ette, 1965 
B - Kato -"et al., 1970a' 
C - Kato and-r-akahashi, 1968 
D - Conney and Garren" 1961 
E - Coçhin and,Soko1off, 1960 
F ., Kato et aL, 197"b 
G - Kato et al., 197')c 
1 - Comparea-to control untreated group 
2 - Compared to thyroxin treated group 

-.. 

, 
" 
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" - --

Surgica1, Other drug .' 
Erocedures Eretreatment Results Reference 

Incre~ed~ D 
"-

"- ~ ... 
~ 

.'il 

.', 

lncreased in W' A 

\" -

'~ 
" No change: " B 

"' ~ 
') 

~ 

"'\ 

--~ 

~ .., 

,~~ ~~. 
J>o 
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TABLE III 
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EFFECT OF THYROIDECTCMY WIm AND WITInJT THYROID OOOONE TIfEAAPY ON HEPATIC MIŒOSG1AL 

ELECI'RbN TRANSPORT 

~. 
", 

e 

Enzymes 
. rC~- ~oidectany 

se _ weight 'C&:rration) 
Thyroid hormone 

therapy Other dmgs Results Ref. 

NADPH oxi- Rat, wistar 
dase M 190 g 
nmo1es x F 160 g 
min-1 X mg-1 
prote in 

NADPH cyto
chrome 'c 
reductase 
activity 

~ 

". 

Rat", ~star 
M 110-140 g 

Rat, wisfar 
i 16q g 

Rat, wistar 
M 190 g .. 
F 160,g 

Rat, -wistar 
M 190 g 
F 160 g 

Rat, wistar 
M 110-140 g 

23 days 

23 days 

10-17 days 

10-17 days 

23 days 

23 days 

23 days 

10-17 days 

T3 (100 ug/g, i.p.)_ 
2 doses, 24 hrs 

( 

No significant changel A 

T3 30 ug/IOO g 
single dose4 

Decreased in M & FI 

De cre asedl 

Incre~ed2 

Phenobarbital Increased
2 • 

60 mg/kg Lp. 
(2 doses) . 

T3 (100 ug/kg i.P.~ 
2 doses in 4& hrs" ( 

~ 

• 
In;reased in F onlyl 

~ 

Decreased in M & FI 

Decreasedl 

PA 

B 

B 

A 

A 

A 

B 

~ 



NADPH 
diaphorase 

Rat, wistar 
M 110-140 g 

10-17 days 

10-17 day~ 13'(30 ug/100 g) 
single dose 

-

ir_ 1 Decreased 

Increased2 

~ 

B 

B 
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TABLE III continued 

J 

Species, Thyroidectany -Thyroid hormone 
Enz~ sex z 'weight (duration) TheraEl Other dru&s Results Ref. 

D Incr~ed in M & p NADffi Rat, wistar 23 days T3 (100 ug/kg i.p.) A 
oxidase M 190 g 2 doses in 48 hrs4 " .f F 160 g t 

M 190 g 23 days ~creased in M & pl A 
F 16q,.g 

.,' 

T3 (100 ug/kg i.P4) NADPH cyto-- Rat, wistar 23 days No change A_ 
chrome c M 190 g ']. doses in 48 hrs 
teductase F 160 g 

, 
~ 

. 

Cytochrome Rat, wistar 23 days No change1 
A 

bS M 190 g 
F 160 g '-

Rat, wistar 23 days T3 1100 ug/kg i.p.) 
. ! 

No change A .. ~ M 190 g 2 doses in 48 hrs 
F 160 g 

c' 

M 110-140 g, ': 10-17 days ,.. No change! B 

>17 days ' 1 Increased B ,. 

10-17 days T3 30 ug/100 g Decreased2. B 
.. . ~sing1e dose 

. .. 

,< • 

;: 

" 

- .. 
-. 

" :' o' 

t' ... -.. ~ ... 
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TABLE III continued 

Enzyme " 
SJ)ecies, 

seJS,z ~ight " 

Cytochrane Rat, wistar 
P-45~ M 190 g 

F 160 g 
., 

Rat, wistar 
M 190 g 
F 160 g 

F 160 g 

M 180--200 g 

Thyroidectomy 
(duration) 

23 days 

23 days 

23 days 

23 days 

- ! 
,M 110-140 g . 10-17 days' 

M 110-140 g >17 days 

M 110-140 g 10-17 days 

A - Kato and Takahashi, 1968' 
B - SUzuki et al., 1967 
C - Kato et al-=-; 1970 

1 - Compared to control untreated group 
2 - Campared to thyYOxin treated group 

218 -

Thyroid honnone 
therapy 

T3 (100 ug/kg i.P.) 
2 doses- in 48 hrs 

T3 do ug/100 g) 
sirigle dose , 

-, 

',A 

/ 

'"-

Other drugs Results 

No change1 

Decreased in M onlyl 

Phenobarbital Increased1 

60 mg/kg 
48 & 72 hrs 

~ 

Decreased in W
No cha.nae1 

Increased1 

Decreased2 

'f 

e 

• 
'Ref. 

A 

A 

A 

c 

~ 

B 

~ 

-. 

• 
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TABLE IV EFFECT OF rnYROIDECTCMY wrrn AND wrnurr 'ffiYROJD H)RM)NE REPI..AC&fENf AND HEPÀTIC [ 
MICROSCMAL &JBSTRATE OXI~TION 

~ 
~ 

........ ~. 

Substrate Species, Thyro idectorny Thyroid honnone 
oxicllzed sex, weight (duration) (the!~ Other drugs Results Ref. ,. 

Aminopyrine Rat, wistar 23 days Dedeased in M & FI A 

M 190 g 
F 160 g 

23 days 1'3 (100 ui"g 
'" x 2 days 

De~reased in M onlyl A 
'\ 

., r--
1 F ~60 g 23 days ..,.-

~enobarbital_ Increased
2 A 

60 mg/kg 
48 ând 72 hrs 

î -./ 

Aniline Rat, Wistar 23 days t' Decreased in F & Ml A 
• M 190 g ... 

F 160 g 
23 days T3 100 ug/kg i.p. 

-' 
48 and 72 hrs 

Increased in ~ oruyl': cA-
~ 

F 160 g 23 days -- Phenobarbital Increased
t ; -A: 

60 mg/kg i. p. 
48 and 72 hrs 

" -b 
\ 

-
... 

9 
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TABLE rv"continued 

/-;' 
SuQstrate6~ .. Species Thyroidectomy Thyroid honoone 

oxidized sex t ~ight Cduration) theraEl Other druis Results Ref. 
<~ ~ 

. 
Hex barbi ta1 Rat, wistar 23 days 

~ '\ ~creased in M & FI A 

M 190 g 

F 160 g 23 qays T3 100 ug i.p. Decreased in Ml 
, 

A 

x 2 days Increased in FI 
'\ 

F 160 g 23 days Phenobarbital Increased
2 ~ A 

60 mg/kg L p. 
48 and 72 hrs 

p-Nitro- Rat, wistar 23 days Dec~eased in M &1 A 

benzoic M 190 g 
, 

acid • Increased in F on1y1 
F 160, g 23 days T3 100 og Lp. 

A 

x 2 days 

F 160 g 23 days Phenobarbital Increased
2 A 

6fr'ffig/kg i. p. 
48 and 72 hrs 

Decreased in Ml 
... 

Proges- Rat, wistar 23 days .~ 

B ~ 

terone M & F 
180-200 g 

Testos- < Rat, wistar 23 da ys 
Decreased in Ml C 

J terone .M & F 
180-200 g 

"-- A - Ka to and Takahashi, 196'8 
.~ 

B - Kato et al., 1970 
C - 'Kato et TI., 1970c 
1 - Compared to control lIDtreated group 
2 - Compared to thyroxin treated group ~ 

~ 
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i 
1. l MATERIALS: 

(a) \Tissue Samples and exper1mental animaIs: 
\ 

The tissue samples and exper:iJœntal animaIs in these studies 

have been presented in the foregoing individual manuscripts. 

\ 
t 

~ \/. 
Therefore, these W~'l not be discussed in this section. _ Reference-~ 

is made to the res tive manuscripts in this thesis. 

(b) Chemicals ,and agén ts : 
, '" • Acetyl Ace~ne, \reagent grade:Fisher Scientific Co., Fair Lawn, New Jersey. 

Albunin, purified: J. T. Baker Chemica1 Co., ~illipshurg, 'New Jersey. 

Aminopyrine: CIBA Co. Ltd. ~ furval, Quebec. 

Anmonillll Acetate: J. T. Baker Chemica1 Co., Phi1lipsburg, New Jersey .. 

Aniline, certified grade: Fisher Scientific Co., Fair Lawn, New Jersey. \ 

Barium hydroxide: J. T. Baker Chemica1 Co., Phi11ipsburg, New Jersey. , , 

Biuret Reagen t: GoITlall-Bardawi11-David fonnula: Harleco Olemicà1s, 

Philadelphia, Pennsylvania . 

Cytochrome c {fram horse heart): Sigma Chemical Co., St. Louis, Missouri. 

Disodium monohydrogen phosphate: J.T. Baker Chemical Co., Phil1ipsburg, 

New Jer~ey. 

Ethyl ether (anhydrous), analytic grade: Mallinckrodt Chemiça1 Works, 

St. Louis, Missouri. 
) 

Formaldehyde, analytic grade: British Drug Houses (Canada) Ltd., Montreal, 

Iodine 1)1 (as Sodium Iorli~e) New Fnglann Nuclear Co., ~oston. 

lsocitric Dehydrogenase (from ~ig heart) in 50% glycerol solution: 
\ 

Sigma Chemical Co., St. Louis, Missou;ri. 

Magnesill\1 .chloride (6HZO): J. T. Baker Chemical Co., Phillipsburg, 

New Jersey. 

.. 
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NADP C riphosphopyridine nuel Sigma O1emical Co., St. Louis, 

5 souri. 

(Triphosphopyridine nucleotide reduced): Sigma Chemical Co., • 

St./Louis, Miss.ouri. 

inamide: Sigma Chemical Co., St. Louis, Missouri. 

New York. 

/ 

grade: Eastman Kodak Co., Rochester,-

J.T. Baker Chemical Co., Phillipsburg,. New Jersey. 

Po assium dihydrogen phosphate: J.T. Baker Chemical Co., Phillipsburg, 

New Jersey. 

Sigma Chanical Co., St. Louis, Missouri. 

dium anthraquinone beta sulfonate: Fisher Scientific Co., Fair Lawn, 

New Jersey . 
..... 
dilUll Chloride: J. T. Baker O1emical Co., Phillipsburg, New Jèrsey. 

Sodium dithionite (SOdilUll hydrosulfite): Fisher Scientific'Co., 

Fair Lawn, New Jersey. 

Sodium hydroxide: J.T. Baker Chemical Co., Phi~lipsburg, New ~ersey. 

Sodiun isoci trate ~ (Trisodit.Jll salt of Dt- isoci tric acid): Sigma 

O1emical Co., St. Louis~ Missouri. , , 

L-Thyroxine (Sodium salt): Sigma Chemical Co., St. Louis, Missouri. 
J 

Zinc Sulfate (7HzO): J .,T. Baker Otemical Co., Phillipsburg, New Je~sey. 
t,. 

2. 

Ca) 

ME'IHODS: 
, 
~' 

Experimental designs and statis~ical analyses: 
/ , 

These sections have "been presented in the foregoing rnanuscripts . 

. ~ 

-

-
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C") Assays: 

'Ci) Protein detennination 

The biuret metho-.! (Kabat & Mayer, 1967) was used to detennine tht( 

protein concentration of the microsanal suspension. A standard 

curve was prepared using purified albumin (J.T. Baker) at concentrations 

from 1 to 7 mg per ml. 

(ii) Assay of hepatic microsamal NADPH oxidase 

The activity of hepatic microsamal NADPH oxidase was determined 

spectrophotOOletrically by measuring the rate of oxidation of NADPH as 

described by Gillette et al (1957). The reaction mixture contained ' 

1.8 ml of 0.1 M phosphate buffer, pH 7.4, 36 ~moles ofmagnesium 

chloride, 0.1 ml of the micro~~l preparatio}1 and ~ ~ole of NADffi 

in 0.1 ml of phosphate buffer to a final volune of 2.1 ml. NADffi was 

added 1ast. The control cuvette contained all the camponents except 

the reduced coenzyme. A decrease in absorbance\~_t 340 nm was recorded 

in a Beckman DBGT recording sepctrophotometer and the specifie activity 

of NADPH oxidase was detennined from the change in the absorbance 

during the initiaIS minutes and using an extinction coefficient of 
.. .. 
6~22 mM- 1 cm- 1 (Ernster, 1967). ~~eaction was linear over this 

period. r 
(iii) Assay of hepatic microsamal NADPH cytoç;~rOOl~ !~lCtase 

,ç. 

NADPH cytpchrome c rèductase activity was determined by fol1ow~ng 
, 

the absorbance change at 550 TUn, reflecting the appearance of reduced 

.... ' 'If! 

cyto~rorne cafter addition of NADPH as described by Phillips and Langdon 

(1962). The reaction was carri~d out at 37°C in a mixture containing 

0.15 ~oles of cytochrane c, 36 llI1lOles of MgC12 and 25 ~litres of 
, . 

" 
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microsomal suspension in a final volume of 2.1 ml of 0.1 M phosphate 

buffer (~l 7.4). The reactton was started by the addition of 

L 0 llmo1e of NADPH in < a vo1l1Tle of 0.1 ml to the experimental cuvette. 

A corresponding volume.of buffer was added to the reference cuvette. 

The rate of ap}1carance of reduced cytochrome c was measured in a 

Beckman DBGT ,recording spectrophotometer and specifie actlvity of 

NADPH cytochrome c: reductase was detcnnined from ,the tangent to the 
1 

curve, representlng the 'rapid phase of reduction (duratlon approximately 

20 seconds). An extinction coefficient of 19.1 mN- l am- 1 (Peters 

and Fouts, 1970) was used', in calculating ~he abs'olute amoWlt of 

cytochrome c reduced per minute per mg of microsomal protein. 
<! 

(iv) Assay of hepatic micros~al cytochrome P-450 content 

,The reduced fOTm of cytochrome P-450 cqnbines readily w_itl~ carbon 

monoxide to form a complex which is measureable spectrophotometrlcally 

through its absorption at 450 nm as described by Omura and Sato 
1 > 

(1964a). A micros omal suspension containing'Z-S mg of protein per 

'ml was obtained hy dilution with 0.1 M phosphate buffer (pli 7.4). 

k few mg of sodium dithi9nite was added to the suspension in order to 
~ ~ 

reduce the cytochrome P-~~O present and following this reduction the 
1 

suspension was divided equally between 2 cuvettes. Carbon monoxlde 

was then bubbled gently through the sarnple cuvette for 30 seconds following 

wh}ch the cuvett~as sea~ed. The sample ~uvett~ was then read against 

the reference sam~e, (unexposed to carbon monoxide) a~ 490 _rym and 450 nm. 
/ 

rre guahtity of cytochrome P-450 was calculated fram the differencé~ .. 
in optlcal density (490 nm - 450 nm) using a fuolar extinction coef

ficient of 91 nM- l cm- 1 (Ornura and Sato, 1964b). Content was expressed 
, . 
" 

• .1 

'--

( 
l 

t 
J 

J 
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as nmo1es of cytochrome P-4'SO per mg of microsanal protein. 

(v) Assay of hepatic microsCJIlal NADPH cytochrome P-450 reduc;tase 
1 

NADPH cytochrome P-4S0 reductase activity was determined by 

following the absorbance change at 450 nm (in a Beckman DBGT recorq.ing 

speçtrophotOOleter) when carbon monoxide saturated micTOsomes were, 

reduced by NADPH in 11 modification of the method described by Gigon 

et ,al (1968). Carbon monoxide which was deôxygê~ated by passage Cthrough 

an alkaline Jithionit~ solution (0.05% sodium anthr~uinone beta 
{ 

sulfonate and 0.5% sodilDn dithionite iÎ1 0.1 N sodium hydroxide) was 

bubbled for 5 minùtes through a microsomal suspension containing 5 mg 

of protein per ml in 0.1 M phosphate buffe;r (pH 7.4). Three ml of 

the suspension was then transferred to an anaerobic Aminco cell (Al-

65085) an~ a pltmger assembly containing 2 jlmoles oC;- NADffi in 

50 jllitres of buffer was fitted to the cuvette. Carbon mP~oxide was 

passed through the air space within the cell for a furth{T-3 minutes 

(diffusion qf CO in the suspension was enhanced by use of a SInall magnetic , 

stirring bar) and placed in a spectrophotometer where it was allowed 

to equilibrate for 2 minutes at'37oC. The reference Cell contained an 

untreated microsamal suspension of identical prote in concentration. 

The p1unger was depressed and the change ln absorb~ce at 450 nm with 

the rapid appearance of a OO-reduced cytochrame P-450 comp1ex was 

recorded on chart paper moving at 10 inches per minute. The velocity 

of the reaction was detennined from the slope of the initial linear 

phase. In our experiments the initial linear phasé was canplete 

approximately 6 seconds after addition of NADffi.' 

• , c 
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(vi) 'Assay of aminopyrine-evhanccd hepatic l1licrosomal NAn~. 
cytochrane p- 450 reductase .. . . , , 

, , , . , 

. , The aminopyrine-enhanced rate of cytochrame P-450 reduction b~ .. 
" 

.NAJ)PH was measured in a manner identical to' that just described except . 
that aminopyrine ;,vas arlded to th~ microsamal suspension· to 'a final , . 

concent~ation of 1 1111'1. The .pro"t:ein concentration of the microsanal 
" \ '.,.. 

sus~nsion was again 5 mg peT ml. . . " 

(vii) amino ine N~demeth 

. . ' 

The ~tivity of hepatic microsomal ~inopyrine N-~emetb lase ~as 

detennined by measuring the production of:. f9Imaldehyde from aminopyrine 
. ! 

,as described qy Cochin and Axelrod (1959). ·the reaction mixture contained . . 
0.1 ml of microsamal suspension, 36 ~moles o~ MgC1 2, 24 ~moles of 

neut,ralized semicarbazide HC1, 40 ~oles of nicotinamide, 

0.66 ~oie of NADP+, 16 ~oles of sodium. isocftrate, 0.5 units,of 

isocitric acid dehydrogenase and 10 ~oles 01 ~inopyrine in final 

volume of 2 ~ of 0.1 M phosphaté buffer (pH 7.4). The concentration' 

of nicotinamide used has been reported to inhibit hepatic microsomal , 
) 

',,' 

N-demet}:lylation o~ aminopyrine (Schenkman et :11., 1 Qfi7i, but in these experirnents 

addition of amounts up to 100 umoles'h~d no such ·effeét. Samp1es 
l ' .'. 

were incubated for 20 'minutes at 37oC' in a Dubnoff shaking water bath 

. , 

and the reaction was te~inàt7d by the addition ~f O.5~ ml of 15% ZnS04 

followed by vigOTOUS mixing. After 5 minutes 0.5 ml of saturated Barn 

were weIl mixed and allowed to stand for 

" , 

~ 

. ---,j 

5 minutes. Mter for 5 minutes atJ,.~Jtx~r 
~-,-- \ 

supernatant was~i.S.B.}le1H1rr\f()l:mI(:l.1.U-'Vll 'by the methôd of Cochin and ' 

The supernatant frastio~ (2.0 ml) was transferred. to 
~ 

\ 
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, 
a tube containing 1 ml of Nash reagent (0.2 ml of acetylacetone in 

SO ml of'8D. aqueous solution containing 15 g of anmonium acetate) 

and the mixture was incubated for 30 minutes at'60oC After cooling 

to room temrerat~e. optical density for'eaen Sampl~was netermined 

at 4lS, rim in a spectronhotOOlete~ (Beckman model DRG or DBGT) and 

the quantity of formalJehyde formed was determined fram a standard 

cUrve. The standard curve was preparec:l using concentrations of 
, '. 

fonnaldehyde fJGTIl 0.5 ta 5 mg/ml in aqueous solution. The curve was 
o 

1iriear throl,1ghout this range. 'Speèific activity of microsCITlal 

aminopyrine N,-danethyla'?e was expre'~ runoles of fonnaldehyde 

fonn;ed per minute per mg ,of microsanal prote0.' The Nash reaction 

employéd has been wide1y used si~ce jts original description (Nash, 

1953) . 

. as its 

Form~lde~yde which is formed during an incubation is 

semicarbazoA and measured cÇllorimetrically util~g 

'f 

trapped 

a Hantzsch 

reactiori in which a a-diketone (àcetylaceton~), an a1dehyde (formal-
, ' 

dehyde) ~d an_,amine (ammonia) react to fonn a coloured product, 
\ 

3,5-diacetyl-l)4 dihydrolutidine whiCh has an absorption maxnna of 415 nm. 
! • 

(viii) ': Assay of hyp~tic microsomal aniline p-hydroxy1ase 

The acti vi ty of hepat!c microsoma1. ani,line p-hydtoxylasC' was 

determined by measuring the product1on of p-aminophenol fram aniline 

as \lescr,ibed by Kato and Gillette (1~65). The' incubation mixture 
._~------'- \ -- - ' 

~ " f , consiste? of 0.1 ml of microsClTlaI su-;~nsion,~lilT1Oles of t1~,ca2' 

, '40 \11!lQ1es' of nicot;in~ide, 0.66 wnoles of NADP+, 16 \lffioles of sodiun -

isocitFate, 0.5 units ôf isocitric acid dehydrogenase and ~ ~moles ' 
1 ~, ~ 

of aniline,in 0.1 M phosphate buffer (pH '7.4) to a final'volume of 
, " 

2.0 ml. 
, 

The mixtures were incubated 
, ' 

) 
; , 

in' air for 20 minutes and were<then 
,- ~ 
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shaken with 20 ml of .peroxide-free anhydrous, ethyl ether and 0.8 gm 

of sodilJIl chloride for lS minutes. Fifteen ml aliqoots of the 
\ 

ether phase were then transferred to tubes containing 3.0 ml 'of a 0.1 M, 

sodiun hydroxide solution rnixed with 1% phenol. The p-aminophen01 

was returned to the, alkaline aqueous ·pha~e after 15 minutes shaking, 

following which the ether phase was-, aspirated and dlscarned. The aqueous 

phase was then allowed to stand in a wann water bath (37
0
) for -

, 
30 minl!tes in order to vapourize- any remaining ether. When clear, 

the tubes were read spectrophotametrically at 620 nm and ,the p-
, . 

aminophenol content was detennined from a standard curve. The standard 
, 

turve was prepared following extractio~ ~f para-aminophenol- frorn the 

reaction mixture (minus aniline) in concentrations ranging from 1 to 

10 l1g!ml. The cutve was linear throughout this range •. Specifie 

activity ~f hepatic microsamal aniline p-hydroXylase was expressed 

as nmoles of p-aminophenol fonned per minute per mg of microscmal 

protein. 
o 

" . 
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