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‘ Dietary factors can affect the l iver ’s ability to meta bo l i ze

drugs ; however , few studies have been done to show the effects of

parentcral nutrition on drug metabolism. The effects of chronic

parenteral carbohydrate administrat ion on hepatic nttcrosomai enz ine

activity were studied in the rat , flatly intraperitoneal injections

of both glucose and fructose resulted in a significantly decreased

cvtochromc P—4S0 content with subsequent losses in mixed function

oxidase activit y (ethY lmorphine N—demethviatton) by the fifth day.

Anilin e hvdroxvlation , however , was not significantl y decreased until

the seventh ti1lV , suggesting that the hepatic metaboli sm of ethyl—

morphine and an i l i n e  is mediated through different form s of cvto—

chrome P—4S0. In vivo assessment ~istng antipvrlne’ half—lives con—

finned thi s decrease in mixed function oxidase activit y .

The administration of carbohydrate produced fattv tnfiltrntion

and glvcogen depletion of the liver. This  fatty infiltration was

probably d ue to increased lipogenests with decreased oxidative

metabol i sm of fa t  by the l iver , si n ce al l groups received t he

identical quantity of specific nutrients. The glycogen depletion

may have been due to increased hepntic cyclic AMP .

The dec reased hepntic mixed function oxidase activity could

have been the result of sustained hyperglycemia , hypolnsultnemia ,

and/or increased levels of hepatic cyclic AMP.

_ _ _ _  ~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
-
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I NT RO DUCT! ON

Many dr ugs an d other fo r eign compounds are biotransformed by

microsomal enzymes located predominantly within the endoplasmic

reticulum of the liver. This biotransformation usually involves the

chemical alteration of a lipid soluble compound into a less lipid

soluble , and hence more polar , compound which can be eliminated by

the kidney . The rate at which hepatic microsomal enzymes metabolize

an exogenous compound affects the duration and intensity of that

compound’s action in the living system (14). A single compound may

undergo several biotransfonnations in a sequential fashion. These

reactions are oxidations , reductions , hydrolyses , and conjugations.

The specific chemical reactions in which compounds are altered are

many and varied , but they can he divided into two main categories :

synthetic reaction and nonsynthetic reactions (49).

Synthetic reactions , also known as conjugations , result in alter-

ation of the parent compound by combining them with endogenous mole-

cules provided by the body. These molecules , known as conjugating

agents , are usually carbohydrates , amino acids , or substances

derived from these nutrients. Whether or not a particular compound

will readily combine with a conjugating agent is determined by the

structure of that parent compound. If this foreign chemical possesses

an appropriate center for conjugation , such as a carboxyl (—COOl!),

hydroxyl (—OH), amino (—NH 2) or sulfhydry l (—SH) group , a synthetic

reaction is likely to occur. If the parent compound does not

possess such a functional group , it may first acquire one by a non—

synthetic reaction (49). Synthetic reactions usually result in

termination of the biological activity of drugs and their metabolites

—-..- —- ---.- ~~~~~~~~~~~~~~~~ ~~
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( 4 5 ) ,  The compounds resulting from synthetic reactions are readily

eliminated in urine and feces , sir con jugated molecules are usually

highly ionized acids and are relativ ely lip id Insoluble. Synthetic

reactions occurring in man are acetylat ions , methylatlons , and

conjugations to sulfate , amino acids and glucuronic acid.

The nonsvnthettc reactions involve chemical alteration of the

parent compound by oxidation , reduction , hydrolysis , or a combination

of these processes . Unlike synthetic reactions , nonsvnthetic reactions

do not necessarily result In pharmacolog ically inactive products. The

nonsynthetic processes may actually convert an inactive drug to an

active compound , or change an active drug into another pharmacologically

active compound (37). End products of nonsynthetic reactions are

generally not excreted from the body , hut usually become substrate for

synthetic reactions . Thus , most drugs undergo a two—stage biotrans-

formation ; the first phase is the addition of an appropriate center for

conjugation to the parent compound , and the second is the combination

of this altered parent compound with a suitable conjugating agent.

The majority of the nonsvnthettc reactions occur within the smooth

endoplasmic reticulum of the hepatocvte. These are catalyzed by an

enzyme complex which , when experimentally fractionated and prepared as

“tnicrosomes,” is conventionally classified as a mixed function oxidase

(~~O) system (51). This enzyme complex includes a hemeprotein (cyto—

chrome P—450) and a flavoprotein (nicotinamide adenine dinucleotide

phosphate (NADPH I —cytochrome c reductase), that require both oxygen and

a reducing agent (NADPH) to function . These microsomes possess a broad

substrate “specificity, ” since a wide variety of drugs , exogenous

compounds and endogenous compounds , such as steroid hormones , may serve as

metabolic substrates for these enzymes (49,61) .

_ _ _ _ _ _ _ _ _ _  
_ _ _ _ _  
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Mans’ environmental factors , includIng b e d d i n g ,  ci cap m ess of

housing , ho rmona I changes and the ingest ion of  foreign compounds , can

either stimul ate or inh ibit the liver ’s capacit y to metaboliz e

exogenous compounds (14 ,47). Recent t indings have shown that the

composition of the diet can also he an important environmental

determinant of the pharmacological and toxico logical properties of

d rugs and toxins (11 ,121 . The influence of the individual macro—

nutrient s (carbohydrates , l i p i d s , and prot eins) on hepatic drug

metabolism , however , is difficult to assess for a variety of r easons

(12) , including variabilities in the caloric intak~’ and composition

of the diet , possible stress effects created by over— or under—

supplementation of nutrients , and “spar ing ” ac t ions tha t res u l t f rom

the supp lemen tation of one macronutrient upon the deficiency of

another .  Thus , a l though  many studies have shown a die tary e f f e c t

on drug me tab ol ism , little Is kn own about  the  b i o c h e m i c a l  and

p hys io logical  mechanisms involved.

The die tary constituent most frequently studied in relation to

hepat ic  mic rosomal enzyme a c t i v i t i e s  is p ro te in .  A reduct ion in

the quantity or quality of dietary protein has been shown to decrease

hepa t i c  mic rosomal enzyme a c t i v i t y  (3 1 , 32 , 51 , 54 ) .  This r esu l t s  in

decreased microsoma l oxidations of many dr ugs and other fo re ign

compounds , such as pes t ic ides , wi th a subsequent increase in their

toxicity (3 ,7,38,40,42,43). The decreases in microsomal oxidat ions

are due , at least in part , to decreases in cvtochrome P—450 (11).

In contrast , a high p ro te in  die t  increases the rate at which drugs

are metabol ized in animals (40,43).

_________________________________________



4

Lipid substances in the diet may he as impor tant  as prote in  in

affecting microsotnal activity . Studies by Norred and Wade (57) have

shown that changes In the lipid composition of the microsomal memb ranes

alter the ability of the microsomal enzymes to bind substrate. Other

studies have shown that endogenous lipids , such as steroids (44,68)

and fatty acids (15 ,16) may occupy cytochrome P—450 binding sites ,

thereby disp lacing exogenous substrates and perhaps interfering with

their metabolism.

A specific biochemical role for carbohydrates In the MFO system

has not been demonstrated ; however , changes in dietary carbohydrate

composition have been shown to produce alterations in this enzyme

system (11 ,12). Studies have shown that dietary manipulation of

carbohydrates appear to affect the microsomes through generalized

actions on intermediary metabolism , caloric intake , and/or hormonal—

stress relationships (11). Boyd et al. (8) found that high sucrose

diets potentiated the toxic effect of benzy lpenfcillin . The

investigators suggested that this was the result of a lower rate of

conversion of the drug to a less toxic product. Jansson et al. (36)

reported that a high carbohydrate intake inhibits lipid peroxidase

activity and decreases hepatic MFO activity in rats. This decrease

in microsomal MFO activities , and a subsequent increase in the

pharmacologica l action of administered drugs , has recently been

demonstrated in humans fed a high carbohydrate diet (3,38).

Strother et al. (72) have shown that a high dietary intake of

various sugars (glucose, sucrose or fructose) will increase the

duration of sleep induced by barbiturates in mice. This effect was 

~~~~~~~~~~~~~~~~~~~~~~~~~ . -~~~ - - --- ~~~~~~~~ - ----- -—- ----- ----- - - - -  ~~~~~~~~~~~ -
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most pronounced w It h glucose.  The longer s I cop I ng t imes we’ ro

cor re l a t ed  w ith a decrease In the’ rat  c ot metabolism o I the barb I t  ur—

ates . This ei fec t of high glucose was t rans it o rv , last ing oni three t 0

four  days , a t  t er which t ime the mic e’ ret urne’d t ci t he ’ I r o r i g i na l  sleep tug

t imes . The an i,nals consuming a hig h glucos e elio t did not have’ a

s ig n i  f icant elevat i on in blood glucose; however , the invest  I g at o r s

did not spec I f v  when the animals had eat en. They f u r t h e r  stated that

urinary gl ucose greater t han 2~ occ urred overn igh t .  Therefore,

al though hy p e r g l y c em i a  d id  not appear to be r e l at ed  to  the observed

e f f e c t , i t  is  poss ible  that hy pe rg l y cemia  may have been a f a c t o r  at

some point in their study , in an a t t e m p t to e s t a b l i sh  the mechanism

for the Increased sleeping t ime , Peters et al . (631 observed that high

d ie t a ry glucose levels significant lv decreased NAPPI! oxidase activity

and n o n s i g n i f i c a n t  lv , hut reproducibl y , d ecreased cvtochromt ’ P—450

conten t , cyt och rome P—450 reductase act Ivttv and NAIWH—cytochrome’ c

reductase a c t i v i ty .  They concluded tha t  decreased he ’p at ic  micro soma l

ba r b i t u r a t e  me tabo l i sm was respons ih i e  for  the pro longated  b a r b i t u r a t e

sleep ing time after glucose t reatment.

T~o s tudie s  have shown that high carbohydrate diets decrease’

hepatic MFO activity in  rats by altering cvt ochr ome P—450 levels ,

Dickerson e t  al. (18) found that the addition of fructose to a hi gh

glucose diet si gnificantly lowered cvtochrome P—450 content, later ,

Basu et al. (5) reported that the dietary suhst itut ton of starch by

sue rose or Its cons t i t  non t monosae ’ehar i des , glucose’ and fruc t ost’

s ig n i f i c a n t l y decreased aromatic hydro~~lase actIvit y and cvtochrome’

P— 450 conten t  in the  hepat Ic miero some s of young rats. 

— -~~-__ -. - —— - --~~~~~~ ~~— -- ~~~~~~ - — - _1~~~~~
--1
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To da t e , a l t  stud tea in experiment a 1 animals ‘
~ • 8, IS , 3~ , ii , ‘.‘l a n l

man ( I • 38) • whore a high ca rhohv dr a t  e d i i ’  t has been t ciun ~i t o dec t

lwpa t 1’  MFO act I vU v , ~‘‘u t a in  one ma~ or dot i t ’ I eu~- v I it i ’xpi ’ i i  mont :71

tIes I gn. None of the experiments ens tired that hot h expi’ t I men t a l and

cont rot groups received the same qu a nt  It v of protein , even though  many

of t in’ stud Ii’s at tempted to e’ont rot the’ t o t a I ‘a t o r t e s  c’rinstimed • Tb Is

proh tern in ex p e r i m en t s  I des ign  Is  part i cu l a r l  v Imp or t an t  when t h e  work

of hot h Pet era t~ 3’) and St tother (71’) is taken into eons I derat ton .

Bo t It of these  I ttvi’ a t  I gat or a foun d t hat when a lOt g I ucost’ sot ut ion

was g iven  In p lace  of d r i n k i n g  water , a 40t reduet ion in food tnt ake

occur red .  There fo re ’  • nn ter tht’ e’ond i t  tons of t h e i r  stud ies , decreased

hep~a t Ic d rug  metabol ism could  have art son not p r i m a r i l y  f rom increased

d i e t  arv csrhohv drat  e , but  r athe r  accondar i  lv  f rom subsequent lv dot’ roased

p r o t e i n  ‘onsurnpt ton

From the  above it is ohv 4ou~ tha t die t ar~’ fac t ors can affect t he

l i V e ’ r ‘a abilit y t o met aho 11 ze drugs • even though the moehan I ams In—

vol ved se,’m obs,’ure at the present t I me. in human Suit Vet  or m ary

medicine parent oral nut r f t  I on is used rout m e l  v i n  pat lent a • Tb is

nut ri t ion can var ~’ fr om a at o tt  le water solut ion cos t a l n i n g  S~. dext  rose

t o  .1 vporoame 1:7 7- aol Ut ion cost ill sing amino a~’ Ida SflcI f a t  ,‘mu t a t  ons

(IS’) . Vi’ ry few at nil tea have bees don e’ t 0 sh~~ the ci t ee  I a of parent  e r a t

nut r it t on  o~~ drug rni’taho it sm. Several Invest iga t ora have report  e~i that

j ia rent e rat c arhohvd rat os produce rans t en t  pbs rmaook I net I c  i’ I et’ I a

• • effects on drug di at r thut  ton • b lot  r anslorma t i on , and/or exerot ton

(46, SO) , l amson et al • (46’) shoved that , short lv after waking, approxi—

matelv SO~ of dogs anesthes I sect with pentoh.irh i ta t returned t o  sleep

_______-____ _ — --- ----- -
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1
after intravenous glucose . The mechanisms for this “glucose effect ”

have vet to ho determined . Other investigators have’ shown that

ructose a bsln tat ered tnt ravenous lv aec~’ I crates alcoho l metaho 11am in

man ( l O ,~O). Since parenteral nutrition is usually accompanied 1w

parenterii l or 
~~~ 

os drug administration , the apportunitv for inter-

act ion occurs frequent lv. Therefore , It becomes Important to know

what pharmacoklnettc effects , if any , are produced by these n u t r ien t

solutions. The purpose of this study was to determine if chronic

parenteral carbohydrate administration alters hepatic microsomal ensvnie

activIt y and drug metabolism in the rat.

-~~~~~~~
-- -------- -- - - —---——~~~~~~- --- - —=—------- ~ - — - —  —- --—— - - - - — - — - — - - -- - —-- -~ -— --
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MATER I Al S AND ME I HODS

An im al Stu dies

A ll :~n I ma I i ts. ’ .1 tot this at  tid y w.’re :t~lu I t mali’ :11 ~ 
I weIgh lug

1 8(1 to Idil grams ,‘,teh . rhi’ rats were qu :trant m e d  t or on,~ week p r i o r

to at udv and wore ted a conine rein I I aho rat o i-v c how - and vs t or ad

lih itum prior to experiment at ton . ‘throughout  t h.’ I iwest I g•t t ion t h e

rats were h~ u~ c’e1 in groups of six in st a i n l e s s  st ee l w i r e  cages

~u~ pendeci ov c ’ i  ;ihsorh.’nt paper bodd tug . The :ibsorhent pap .’ r b e d d i n g

suit t r a y s  we’ ri’ • hanged  dIS I I  v t o avo Id the inf 1 h e f t ’.’ of exposuri ’ to

waste  p r od u c t s  on Ii ver m ic i oaonia I en?vmes (‘5’) . The t emperat  t ire in

the cubic ’ it’ was mat utat ned at .‘ • ‘‘‘F wIth a 5(1 1 (it r ’  1st lvi’

hum i d it  v and 1 1 • I a i r  changes per hoti r using non—reeve led sir

The phot Opt ’ i-I Oil was ma tnt a I nt’d at I .‘ —b.n, ys I I gh t and I 2—hour s  ~lsrk

wit ii no t w i l i g h t • I n  •idd i  t ion , a ll rat a were handled I clout I c a l  l v

th roughou t  t h~’ out  I i-c  c’xper tment to t’l im t n s t  t’  phvs teal stress as a

vat tab 1 e between groups ( 1’)

The’ hepa t f c mi c rosome a t  tid y was cli vt dcci into two phases (Table I I

Th~ I I rat phase’ in-itt t h ree  t ri’atmc’nt groups of a Ix rats each. l’he

t r ea tmc ’nt  a were ott her g 1 ticose , $ m c ’ t oat ’ , or s a l t  no in t ee  t tons g ivc ’i~

tnt raper it ones liv at t hree—hour i n t e r v a l s  over the cut ire t Inn’ periods

at uci led . The t reatment groups receIved t he’ I r iuj oct ions f o r  1, 5, or

Cr I COBS CD (SD) , Ch ar  lea RI ye r Rrec’d tug l aboratories , Inc
W i l m i n g t o n , MA (11887.

I
PurIna I ahorit( orv Ch ow ~~ , R a t  ston P u r in a  Company Checkerboard

Square , St . l ots Is , MO 6 II 88

1
Cetgehoard ® 

, ‘rho li p s ohs Company , Ks I ants ~oo • Ml 4~O0 I
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TABLE 1. Designation of Groups According to Treatment

Number of An imals per Group
2 days of 5 days of 7 days ofStudy Treatment Group
Treatmen t Treatment Treatment

H e p at i c  Microsonie

Phase I glucose 6 6 6

fructose 6 6 6

saline 6 6 6

Phase TI xylose — — 6

saline — — 6

Liver (“lycogen
and Histology glucose — — 6

fructose — — 6

saline — — 6

An t ipyrine
Half—Life glucose — — 6

fructose — — 6

saline — — 6

Serum Hexose
glucose 12 — —

fructose 12 — —

saline 4 — -
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7 days. Phase TI consisted of two groups of six rats each , receiving

either saline or xylose intraperitoneally at three—hour Intervals for

seven days. The liver glycogen study consisted of three groups of

six rats each , receiving either glucose, fructose , or saline injections

intraperitoneal ly for seven days . On the morning following the last

t reatment , the animals in the above groups were euthanized by decapita-

tion. The livers from rats in the hepatic microsome study were

collected for hepatic microsonsal assays, while the livers from the

liver glycogen study were collected for liver glycogen assays and

histologic examination .

The antipyrine half—life study (Table I) consisted of three treat-

ment groups of six rats each . Each group received either glucose ,

fructose 1 or saline at three—hour intervals for seven days. On day 8

of the study , plasma antipyrine half—lives were determined.

A blood hexose study was done to determine if the serum glucose ,

fructose , and protein levels were affected by repeated treatments with

glucose or fructose. This study was divided Into three groups (Table 1).

Groups 1 and 2 consisted of 12 rats each , that received either glucose

or fructose intraperitoneally at three—hour intervals for 48 hours ,

and group 3 consIsted of four rats that received saline intraperitoneally

at three—hour intervals for two days. The glucose— and fructose—treated

rats were killed by decapitation at 1— , 2— , and 3—hour intervals

following post—injection ; the saline— treated rats were killed one—

hour post—injection . Blood was collected in I S—mi centrifuge tubes and

centrifuged at 3000 rpm for ten minutes . The serum was then removed

with Pasteur pipettes and stored in 8—mi polyethy l ene specimen vials

at —70°C until assayed.

- - ______ 
- _________
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The dosage schedule for all experimentally—treated animals was 1 ml

of a I—M solution per 100 grams body weight. This dosage was based on

preliminary Information gathered by this author using rats inleeted with

a 1—M glucose solution. One milliliter of a l—M glucose solution was

shown to maintain a constant hyperglycemia in the range of 150 to 185

mg/dl. Control groups received 1 ml of 0.9% saline per 100 grams body

weight of 0.9% saline.

All rats received the proper quantity of nutrients necessary to

maintain normal body growth and function (2). Their caloric and

nutrient intake was controlled so that all groups received an identical

number of calories , as well as amount of protein and carbohydrate.

Each rat was fed 6 ml of a liquid diet (Table 2) twice daily with an

animal intubation needle (3 in, 16 ga, curved , with a 3—mm ball).4

The liquid diet was prepared fresh daily by adding 1 grant of diet

powder to 1.3 ml of water. This mixture provided 2.1 calories per ml

of diet (69). Since the rats in the glucose and fructose groups

received an additional 11.52 calories of carbohydrate per day intra—

peritoneally, the diet for the saline—contro l groups was made iso—

caloric by supplementation with an additional 2.88 grams dextrin ,

to provide the extra 11.52 calories. Because xylose is not metabolized

in the rat (17), the saline—control group ’s diet in phase TI of the

hepatic mic rosome study was not supplemented with dextrin. All rats

were weighed at the start of the study and immediately prior to

euthanasia.

4
Popper and Sons, Inc., New Hyde Park, NY 11 040. 
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TABLE 2. Composition of Tube Feeding Rat Diet , Modified ®

Vitamin Free Casein 20.0%
L—Cystine 0.3%
Dextrin, White 67.0%
Corn Oil 8.0%
Salt Mixturea 

b 
4.0%

+ Vitamin Mixture

a
Salt Mixture Composition

Calcium Carbonate 54. 300%
Magnesium Carbonate 2.500%
Magnesium Sulfate’7 1120 1.600%
Sodium Chloride 6.900%
Potassium Chloride 11.200%
Potassium Phosphate (monobasic) 21.200%
Ferric Phosphate 2.050%
Manganese Sulfate•H 20 0.035%
Sodium Fluoride 0.100%
Aluminum Potassium Sulfate 0.017%
Copper Sulfate’ 5 1120 0.090%
Potassium Iodide 0.008%

bv i i  Mixture (gm/100 lb)

Vit A Conc . (200,000 units/gm) 4.500
Vit D Conc. (400,000 units/gm) 0.250
Alpha Tocopherol 5.000
Ascorbic Acid 45.000
Inositol 5.000
Choline Chloride 75.000
Menadione 2.250
p—Aininobenzoic Acid 5.000
Niacin 4.500
Riboflavin 1.000
Pyridoxine Hydrochloride 1.000
Thiamine Hydrochloride 1.000
Calcium Pantothenate 3.000
Biotin 0.020
Folic Acid 0.090
Vitamin B—1 2 0.135

‘Tube Feeding Rat Diet , Modified® , TCN Pharmaceutical s, Inc.,
Cleveland , 011 44128 

~~~~~~~
- 
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Preparation of Microsomes

Between 7 and 8 a.m. on the morning following each phase of the

study , the rats were killed by decapitation after a 1 2—hour fast,

The livers were removed , weighed , and placed in two volumes of ice

cold 1.15% KC1 solution buffered with 0.02 M Tris—HCI (pH 7.4). All

subsequen t tissue manipulations were carried out at 0 to 4°C. The

livers were homogenized by six passes in a glass homogenizer having

a motor—driven teflon pestle. After homogenization , the suspensions

were transferred to polypropylene centrifuge tubes and spun at 9000 x

g for 20 minutes in a refrigerated centrifuge. After aspiration of

the fatty layer from the top , the supemnatan t fractions were carefully

removed, avoiding the pellet. The supemnatant was then centrifuged

at 78,000 x g in a refrigerated ultracentrifuge for 60 minutes.

The 78,000 supernatant fractions were again carefully removed ,

allowing the fluffy layers to remain undisturbed with the pellets.

These remaining microsomal pellets were resuspended in the buffered

1.15% KC1 solution using a glass homogenizer (74). The final protein

concentration after resuspension was approximately 10 mg/ml as

determined by the biuret method of Cornall et al. (27).

Analy tical Methods

The cytochrome P—450 conten t was determined by the dithionite

difference method of Omura and Sato (60), using a dual—beam spectro—

photometer. An extinction coefficient of 91 n*V1cm ’ was used for the

determination of the cytochrome P—450 content , which was done

immediately after isolation of the microsomes .
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Ethylmorphine N—demethylase activ it y was assayed in 1 ml of an

incubation mixture consisting of 15 pmol ethylmorphine hydrochloride
5
,

1.31 iimol of NADP+ , 25 iimo l of magnesium chloride , 32.8 ~insol of

glucose—6—phosphate 6, and 0.99 units of glucose—6—phosphare dehvdro—

genase.6 The concentration of protein was 5 tug per incubation vial.

The measurement of formaldehyde produceJ~ during the detnethylation

process was done according to the method of Nash (56), with correction

being made for the apparent formaldehyde formed in the absence of

substrate (28). Incubations were performed in air at 37°C, using a

shaking incubation (120 oscillations per minute) for 12 mInu tes .

Aniline hvdroxylase activity was assayed in 3 ml of an Incubation

mixture consisting of 65 innol of aniline hydrochloride 7, 1.31 iimo l of

NADP+, 25 i~inol of magnesium chloride , 12.8 iimol of glucose—6—phosphate ,

and 1 unit of glucose—6—phosphate dehydrogenase. The concentration of

protein was 10 mg per incubation vial . Aniline hydroxylase activity

was monitored by assay of the p—aminophenol formed as described by

Chhabra et al. (13). The mixture was incubated in air at 37°C for ~2

minutes (120 oscillations per minute).

Serum glucose concentrations were determined by an enzymatic

method utilizing glucose oxidase to oxidize glucose to gluconic acid

(41). This assay is specific for glucose and will not measure serum

fructose (34). Serum fructose was determined by the Seliwanoff

5Merck and Co., Rahway , NJ 07065.

6
Sigma Chemical Co., Phillipshurg, NJ 08865.

7Eastman Organic Chemicals , Rochester , NY 14602.
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rea~ t ion , modified l’v Roe (65 ,66’), tit 11 izing r esoretno l as t h e ’ reagent

Tota l  s ertin prot e ins wet-c assayed by t h ’  hi  urc’ t met hod (~
‘ 7 ’)

l iver g lvc ogen  was assayed a f t e r  seven day s of I nj e c t i o n s  by t h e

method of Montgomery (55 ’) , f o l l o w i n g  d i ge s t i o n  of f r e s h  l i ver  sl i c e s

with 30 potassium hydroxide.

Histolo&ic Procedures

Liver sec t ions  were ob t a i n e d  immediatel y after death and p laced

in 10% n e u t r a l  b u f f e r e d  fo n na l in  solution . Five—micron sections from

paraffin—embedded blocks were stained with either hematoxvlin—eosin

(H ~S F ’) or p er I o d i c  . i c i d — S ch l f f  (PAS I for histol ogic examination (15) .

In add It ton , frozen sect tons were cut at f lvi’ micron s from non—embedded

tiss ue’ and Im p r e gn at e d  with l~- osmium tctroxide solution for fat

differentiation . All sections were prepared and examined using a

d o u b l e — b l i n d  techn ique .

P lasma Ant 1pv r i n e  1 4 a l f — ~~~t~~j\ss.~v

The antipvrine half—lives were assayed tising a purified solution

14 S 0
of C—labeled antlpvrine (2 DCi’) and unlabeled antipvrthe (.74 t ug )

In 1 ml o f 0.Q~. saline . The purified solution was obtained by extracting

10—m i ni Iq uots of the solut Ion in I—mi chloroform t o  w h i c h  S ml of I—N

NaOH had boon added . After manual  shaking for iS mInutes , the

chloroform phase was evaporated under nitrogen at 60°C and redissolved

in 0.Q’~ saline . Radiochemical purit y greater than ~5% was determined by

t h i n  l aye r  chromatography and auto rad  togr ap hv .  S i l i ca  gel ( p1 a tea

8Antlpyr ine_N_methvl_ 14 C , 10—20 ~‘Ci/nnnol, New England N u c l e ar ,
Pilot Chemicals Division , Boston , MA 02118.

9
Mntheson Coleman and Bet I Manufacturing Chem ists , Not~ ood ,

OH 46.712.

_ _  - -  
-
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were used w i t h  a so l ven t  system of SO part a ot huts’ I acet ate ’, 40 parts

of acetone , 30 p a r t s  of n — b u t  anol , and 10 par ts of anunon i urn hvdrox I di’

(70).

Between 7 and Q n.m. on the eighth day of the’ study , the anti—

pvrlne half—life groups were given an intraper itonoal inject ion of

the purifie’d 
16C—anti pyrine (2 ~iCi per 100 grams h od~’ weigh t’). Blood

samp les were collected at 10, 60 , 120 , 180, and 24() minutes from t he

medial canth I of the rats ’ eves. Each sample (0. 1 ml ) was then added

to a solution cent  aining I ml of chloroform and 1 ml of i — N  NaOH .

Aft er iS m i n u t e s  of manua l shaking  the  solut ton was centrifuged at

500 x g for ten m i n u t e ’s. One m i l l i l i t e r  of the chloroform phas e was

remove’cl , pla ce’d in a sc’in t ll m t  ion vial with 10 ml ot  quencher t 0  and

counted in  a li quid sc int l 1 hit ion c o u n ter .  C o u n t i n g  e f f l c  i~~ &v was

05—97 ’,~ It was not necessary to separate unchanged 14 C—ant i pvrine

f rom any 1 4C—con ta i ning met aho lit ‘s, using thin 1 aver chromat ographv

This  was hecaust’ a prev ious  study (4) had shown t h a t  the  1—hydroxv —

methy l derivativ e is the only radioactive me’tnholite ’ wh ich is extracted

togethe r with ant ipvrine at alkalIne p11 us ing chloroform . Rael to—

chromatogram scann ing  of the  ex t r act s  showed t ha t  this compound caused

very l i t t le  over—es t ima t ion of 1
~~C—autipvr ine .

A s t r a i g h t  1 inc was obta ined  when counts per m i n u t e  (Ci’M ’) were

plot ted agains t t ime on seinilog paper . The results • except for the

pha nn a c o k i n e t ic  ana lys is , were expressed as the’ h a l f — l i f e  for elimina-

t i on of an t ip y r i n e ’ in serum .

10
Aq uasol ~~ , New England Nuclear , Pilot Chemica l s  D i v i s ion ,

Boston , MA 02118.

~ 
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I’ha nuacok I net Ic Ana lvs is

The pharmacokine t  Ic analysis (21 , 58) was based on the assumption

t h a t  antipv rine fits the two—compartment mode l in r a t s , w i t h  ~~, or

the distribution phase , being too fas t to measure un der e x p e rim en t a l

conditions. The half—li fe for elimination of the drug was calculated

by least squares analysis. To determine the apparent volume of

d istribution (Vd), linear regressi on analysis was performed to

calculate the’ t’x t r apolat ed  ~ i n t e rcep t , w h i c h  represented the

theoreticai nlisma ce’ncen t rat ion at zero time (t 0 )

dose administered in mg
d plasma leve l at to

The m e t a b o l i c  cl ea rance  r at e  (N CR ’) was then d e t e r m i n e d  h~’ us ing  th e ’

form u la

‘1CR 
0.69 3 X Vd

- t 1/2

where t 1/2 is the plasma half—life of an t ip ~~r ine .

Methods of Data Analysis

The microsoma l enzyme activities were first expressed as nanome les

of p—aminophenol formed per mg microsomal protein per minute’ for

aniline hydroxylase and nanomoles of formaldehyde formed per mg of

microsomal protein per minute for ethvlmorphine. (7vtochrome P—450

conten t was expressed as nanomoles of cvtochrome P—450 per mg of

microsomal p r o t e i n.  In order to compare the effects of glucose and

fructose administra tion on these mixed function oxidase a c t i v i t i e s

at the specified t ime intervals , t h e ’ results were expressed as percent

of control. 
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Fatty infiltration of the liver was evaluated using a double—blind

technique. The degree of fatty change was rated on a scale of 1 to 4

(i.e. none , mild ,, moderate , and severe).

All s t a t i s t i c al  analyses were performed using the Student ’s t test

(26). Values of p <0.05 were considered to represent differences

between means.

L 

- -  
-
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RE SU l TS

iIt ’p:i t i ’  M l i ’ n s o n i o S L u l

Cr ewth and l iver We lj~~t

Al I rats remained heal thy dcii’ lug ( lie e’OtIt ’Se et  tht’ st uelv

None’ app eared to  s uf Icr comp II cat ions from t he ’ repent i’~i i n t  rape’ ii —

onea 1 I n  cc ’ t ions and t h e’ tw i e’ e—d a II v st omae’h h i t  eth~ t ions . Sub—

ect I ‘cciv • t he ’ I tu e t ese and sal  I no—cent  ro I groups appe’are’d to he’

more.’ act I Vi ’ • w i t  I Ic t lie’ g I cicose groups were’ less act I ye’ di; r i np, :i rocis:i I

I tern s I i’cp

All rats gal ned we I gu t in .; I Ine’nr f:ish ion , :iveragl ng approx I —

mat e’ lv t ii ree’ grams pet  d ay .  I - iver  we t  g u t  s Inc i’ease’il me c’e rap i dl y

in t l ie ’ g I e lc ’e s c —  and I rue t ose— t rca t eel r:t I s than In ( l i i ’ st-i l l no cen t i’o Is

(Table  1) . i’lii’ it vet’ we igict s were a I gu ll’ I cant  lv g rca or (p ‘-0.05)

In  C’:; rhohvdr a t t ’— t  re’:tt e’d an i m a l s  t han In the sal ine—t r en t e d  e’o;it t’e Is

a ftc r flvt ’ title! Se’vefl day s.

I’hasi’ I — M I e’losem:i I Assay s

Ml e’resorna I ii at a for MEt) tie’ I iv it h’s I rein (lit ’ g 1 iie.’ese— • I rue ’ I OS i ’—

tine! 5:1 11 ne’—t rca t eel ;‘at S are  shown in Tab Ic 4 • The p r I m a  rv ~1a I a w:ts

i’ Xp t’ ’SSt’cI  :15 P ercent  of c o n c u r r e nt  1 v — :tna  Iv  ;i’d s:t 11 tie cent ro Is. l’li Is

was done 1 0 :1 e ’e’Otifl t to r dl tit’na I Va t  tat ions • seasonal thy t hms • hocis I tig

e’ end It I ens • e’ t c . ( 6 7)

A t i’r two days of e’ ar b o l i v d r a ( e  tielnilitist rat Ion , a ll nit e’t’osema l

v a t  ties • w i t h  I he except ion of nit  i l l  ne’ hv d  roxv 1 :tse act Iv i t  v • we’re

s ii g u t Iv l ower t han the still n e — t r e a t  i’d cen t to Is. B’c ft ‘cc iI: tvs t i l l

val ue’s cent tnti i ’d to decrease . Cvt oe’hremi’ i’—4S0 cen t ent and e t h y l —

morph I tie N—demet liv 1:ts.’ t ie ’ lv i t v dee’ tensed s I gu ll leant Iv (p ~0,1)6) I e
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TABLE I , Comparison of l .iver  W e i g h t s  for Glucose’— , F r u c t o s e —
and Sal In c—Trea ted  Ra ts

Liver Weigh t
Days of Percent of Perce’nt of

11r~~ttrnen t Administrat ion Grams Bodv W4g~ t Cont rol a

2 7.05 ± 0. 18h 1 .60 + 0.07 101,4 5

S 7 . 7 7 ± 0,17” 1 ,9 0  + 0.07~
’ 108.33’

7 8 .28 ± 0 .2 2 ’ 1.88 + 0.19 ’ 109 30
c

Fructose 2 6.85 ± 0 .16  1. 55 ± 0.04 102.01

S 7 .92 ± 0 .16 ’’ 19 9  + 007 c 110 811

7 8.20 ± 0.2b’ 4.02 + 0.06 111 .24’

S a l i n e  2 6 .78  0 .10  1 .48 ± 0.01 —

5 7 . 17 * 0.18 1 .60 (1 .05 —

7 7.00 ~ 0.09 1. 55 ± 0.19 —

a
Liver ~~~~~~ -expressed as percent c~ t sal inc—I reate’d e’ont ro is.Body weight

Mean S tandard Error.

~Signif leant lv ~I If Ic rest t i rem corresponding sail ne’— treated cent rol s
p cO.OS .

_____ ~~~~~~~~~~~~~~ ~~~~~~ 
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70% and 66% of control , respectively, for the glucose—treated group ,

and to 76% and 69% for the fructose—treated group (Figure 1). After

seven days the cvtochrome P—450 content and ethy lmorphine N—demethylase

activity further decreased to 65% and 57% for the glucose group and to

64% and 60% for the fructose group .

Aniline hydroxylase activity response was similar , hut at a slower

rate of decline , and was not significant ly lower (p <0.05) until day

seven of the study . At this time, the activity was 77% and 79% of

control values for the glucose and fructose groups , respectively .

The microsomal protein concentration of the liver slowly decreased

during the study becoming significantly lower (p <0.05) than the saline—

treated contro1s by day seven , when the glucose—treated group was 93%

and the fructose—treated group was 92% of control values .

During the entire seven—day study , the glucose and fructose groups

displayed a similar response . The cytochrome P—450 content , ethyl—

morphine N—demethylase activity , aniline hydroxylase activity , and

microsoma l protein concentrat ion from ‘ oth groups were not significantly

different from each other during any particular day.

Phase 11 — Hyperosmolar Effect Study

The weight gains in both the xv lo se— and saline—treated rats

were similar to that observed in Phase I (Table 5). In addition , there

were’ no significant differences in liver weigh t between groups. The

microsomal data for all groups were also similar , indicating that MF0

activit y was the same in both experimental and contro l rats (Table 6).

Liver Glycogen and Histology

Mild to moderate fatty changes (i.e. fatty infiltration) were

noted in the livers of all the glucose— and fructose—treated rats;

• - — - - - -
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Figure 1. Mean microsotnal values for glucose— and fructose—
treated rats expressed as percent of saline—
treated controls 
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e’oflt rol animals showed I O  (‘V iden e’e of f a t  tv  l u f  I I t  r at  ion . ‘~h is tat t v

I uf l i t  rat ion was charne’t e’ r I zed h’.’ s pile’ r I t’a I a c c l I m t I  I at ion of 1:1

d ropl ’ts in the’ hepatocvte’ cytoplasm. Is Ing an osmium tet rex Edt ’

technique , these fa t drop lets were impregna ted  w i t h  a b l a c k  stain ,

w h i c h  more clearly identified them as being f a t ty  i n f i l t r a t io n . These

f a t t y  changes occurred p r i m a r i l y  in the portal areas , al though m i l d ,

d i  ffus t’, hep at~cce ii  u I ar m i  t it rat ion was noted throughout  the  l o b u le s .

The’ glucose’ and f r u c t o s e  groups appeared to  have a 40”~ r e d u c t i o n

in l i ver  g ly c og e ’n content , compared to the saline—treated control

group, using hist ologic techn iques . Quantitative assays confirmed

t ha t  the glvcogen content was s i g n i f i c a n t ly  decreased (p <0.05)  in

both  th e ’ g lucos e— and f r u c t o s e — t r e a t e d  groups a f t e r  seven days of

t r e a t m e n t , b e i n g  67~ and 72% of con t ro l , respect ively  (Table 7 ) .

A n t i pyr i n e  H a l f — L i f e  S tudy

During the seven days of injections , weight gain and animal

condition were similar to that of the hepatic microsome study. The

in vivo assessment of glucose and fruc tose  on an t ip v r in e  phartnaco—

k i n e t i c s  demonstrated t h a t  each hexose sugar prolonged the mean blood

h a l f — l i f e  of a nt i p v r f n e  73~Y. and 72~~, respectively , and decreased the

metabolic clearance rate to 53~ and 51% of control , respectively

(Table 8). The mean correlation coefficien t of linear elimination of

14
C—antlpyrine was 0.992 (range: 0.998 to 0.974). The h a l f — l i f e  was

calculated from the concentrat ions of the unchanged drug in whole

blood from 30 to  240 minutes after 14C—antfp yrtne administrat ion. The

mean an ti p v r ln e  h a l f — l i f e  fo r  the saline—treated control animals

(86.1 minutes (range: 69.5 to 104.0 minutes )1 was significantly less

(p ‘-0.05) than that of either the glucose’- or fructose—treated animals

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _



“S

VAB i F . Cs lcar  ison ot l iver ( Ivcogen  a f t  t’t Seven t\sv~ ~~t
I’ re ’at ment w i t  1 t~I ucose  • F’r u c  t ose or S a l  iiw 

I i \  . l V . .’Os~t ’U — - -
l’ et ’ t’ t ’t~~t ot

Sal In t ’— l’t e ’:1t ccl
mg / 

~‘on t ro is

t~ I tle ’OSe ’—
~‘ 1” I,’T re at  i’d . 8 • 1 .0 1

F’rtic t O 5 ( ’
b 1’Treate’d iS . •~ 

. .‘ . I ‘
‘
S
. .’

S.4 lin e—
r rt ’ at ccl S 1, .‘ + 5 —

St aiieLi t’cI rrror.

I gn i t  I cant  iv  diff erent 1 r i~ cc ri-es pon d I ng s a l i n e —  t t’e’at ed cc’flt to is ,
p ‘-0 .0 5 .

- -  —-~~—- -
~~~
— -~~~~~~~ —---_— --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 

J



___ ___
~~

_
~~~~~~

_S.w-S --’--- ’___ ’- .-- .”-- —-~~--- --------‘S. --- — --- - 

~
—S

~~~~
’-—_—-;------__’__ •___ _ __ __ _

2Q

TABLE 8. In Vivo Assessmen t of Glucose and Fructose on Antipvrine
Pharmacokine tics

Metabolic
Body Volume of Clearance

Weigh t Distribution Half—Life Rate (MCR)
(gm) (ml) (mm ) (mi/mm )

Glucose—
Treated 202 ± 5a 134 ± 5 149.7 ± 9 8

b 
0.633 ± 0 048

h

Fructose-  
bTreated 207 ± 6 132 ± 7 148.8 ± 8.fl1~ 0 .6 13  ± 0 . 3 4

Saline—
Treated 11 ± 5 149 ± 5 86.3 ± 6 .4  1.196 ± 0.039

a
Mean ± Standard Error.

bsi g ni i i can t iy  d i f fe r e n t  from corresponding  s a l i n e — t r e a t e d  contro ls ,
p <0.05.
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‘ I-. . 7 minute s (127. 5 to ltt Q . 3 m inut e’sl and 14S .M minut es (1.’’ .0 to

I ~~_‘ . t~ m tnute~ l , respe’ctiveiv ’) . The volume’ ct di strt b ut ion was not

s I gn i t t  c an lv di f fe’ rent bet we’en groups , being I 3’~ itt I (range : 140 to

1t-~7 m l l  , 114 ml ( 1 2 0  to 14 ’  m i l  , and 1 3 2  m l  ( I I ’  t o  158 ml ’) tor the

s .i line— , glucose— • and f ruct OS e’—t r en t e d  groups , res pt’ C t  I Vt ’ lv  . The

met abel I c  c l ear anc ’ r a t e  f or  the  sal  Inc control group was I . 2f l  mi/m m

(range - :  I • 08 t o  I . 10 ml 1mm ) , s i g n i f i c a n t  lv g rea ter  (p ‘-0. 051 t han the

met .(hO I i  c ~‘ le ’a r a t i ce  r at  os for  the g lucose— and f r u c  t OSe ’—t  r eat  ed groups

w h i ch we’re 0 . 1 1 1  ml  ‘mm (0 .489 to 0. ~72 m l / m in ’t and 0.613 m I/mm

(0 . 45 ’ ’ to  0. ~02 ml  m i n I , rt’spcctive ’lv .

Serum Hexose’ Studs’

Se nim ass avs conducted 48 hours a f t e r  the s t a r t  of gi uCost ’ admin is—

t rat ion (Table ’ ~‘) reve .il ed that the’ g 1 ucos e— t rested groups ma ! at a ine’d

signific an t lv elevated (p —0.05) serum g luco se  levels .  The serum g lucose

love Is at I , 2 , and I hours a f t e r  g lucose t n t  t’ct ion we’re 193 ± 7 ,

it s S + 2, and 14~’ i~ mg/dl  , r e s p e c t i v e ly .  Serum f r u c t o s e  l e ve l s  In the

g l u c o s e — t r e a t  e’d group were too low to measure 1w the techn i ques we

used (.S mg ’dll .

The’ fructose—treated groups main tained sign ! ficant e l eva t ions

(p c O . O S )  in bo th  serum glucose and serum fructose levels. Serum

glucose leve ls  at 1 , 2 , and I hours a f t e r  treatment were 149 + 10 ,

140 ± 7, ~:nd 151 + 7 mg/dl. A l t h o u g h  these levels we’re s i g n i f i ca n t ly

h igher  than con t ro l  values , they wore s i g ni f i c a n t  lv lower (p cO. 0 S)

than the’ g luco se—trea t ed  r a t s  at bo th  One” hour ~14~ 10 vs. 1911 + 7

mg/d l)  and two hours ( 140 ± 7 vs . I S  ± 1 m g /t i l l . At three hour s

_____ -- S ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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TABLE 9. Comparison of Serum Glucose , Fruc tose  and 1’ r o t e in  I~~ v e l s  f o r
Exper imenta l  and Control  Ra ts

Time Glucose Fruc tose Total Prote . n
( h o u r :> l 6 t h  

(mg/dl )  ( m g/ d l )  (ga/di )

Clucot~e—
Treaced 1 193 ± <5 7 .0  ± 0 . 3

2 165 ± <5 6.6 ± (1.2

3 147 ± 6b <~~ 6.8 ± 0.4

Fruc tose—
Treated 1 149 ± 10

b 
~~ ± 6.8 ± 0.2

2 140~~~ 7b 3 4 ± 2~
’ 7.1 ± 0.4

3 151 ± 24 ± 6.6 ± 0.1

Saline—
Treated 1 89 ± 2 <5 6 .7  ± 0 .2

a
N ± Standard Error .

b
Sfgnifl can t ly  d i f f e r e n t  from corresponding sa l ine—treated  controls ,
p <0.05.

~ 
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serum glucose levels were similar between the two hexose groups .

Serum f r u c t o s e  levels were 47 ÷ 4, 34 + 2 , and 24 + 2 m g / d I  fo r  hours

1 , 2, and 3, respectively.

‘rite s e rum glucose levels in the  s a l i n e — t reated  c o n t r o l  groups were

89 ± 2 mg/dl at one—hour post—i nlection. These levels were not signif !—

cantly d i f f e r e n t  from the fasting (12 hours) serum glucose l eve ls  of

s i x  u n t r e a te d  r a t s  of the  same age and weight , which  were m a i n t a i n e d

on the standard rat diet. The serum glucose leve ls  In these an imals

were 85 ± 8 mg/d l. The serum fructose levels In the sa l i n e — t r e a t e d

cont ro ls  were less than  the  det e c t ab le  level of the test  (<5 m g/ d l ) .

Total  se rum p r o t e i n  levels were not s ig n i f i c a n t ly  d i f f e r en t

between the  car b o h y d r a t e — t r e a t e d  and the saline—treated groups (Table

9) .  In addition , pro te in  levels did not s i g n i f i c a n t l y  vary w i t h i n

the carbohyd rate groups fo l lowing the in ject ions .
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‘the’ parenteral admini st r at  t on cf g I ticose and fructose t o  r at s

g e n e ral l y  decreased hepat  i c MFO act  ivl  tv  , h u t  the pat t e rn  of change

exhibited e-onstde’rahle tempora l v a r i a t i o n .  The a dm in i st r a t i on  o f ei ther

carbohydrate for two days resulted In a small , bu t nons ignificant

decrease of both cvtochrome P—450 conten t and ethyimorphinc act ivI t y ;

tites.’ decrease’s we re s i g n i f i c a n t ly  lower than  norma l cont ro l  values

at five ’ and se’ven days . A l t h o u g h  a n i l i n e  hvdroxvlase  a c t i v i t y  was not

s ignificant lv decreased after two or five days of gl ucose’ or fructose

a ( h l t l n i s t r a t  ton , at seven days it  was s i g ni f i c a n t l y  l ower than  t h a t  of

control rats. This earlier response’ of ethylniorphine to carbohydrate

a d m i n i s t r a t  ion may he due to the f a c t  that cytochrome P—450 exists

in m u l t i p le ’ forms ( 3 0 , 67) . Thus, the s p e c i f i c  form Involve d in

eth v  lmorph Inc N—d eme i-by m t  ion may he more ’ suscept thie  to carbohy drate ’

adin in i s t rat  ton than  the  form associated w i t h  a n t i  Inc hy d r o xv l at t o n .

The in v it r o  techni ques used In these measurements  may have’

cons td er ahlv  a f f ected the  da t a.  Tn the  i n t a c t  hep at ocvte , the  e’ndo—

p lasmic re’t I cul urn is a network of 1 ipoprote In tubules . These tubules

extend throughout the cytop lasm and are cont m uons w i t h  both c e l l u la r

and n u cle ar  membranes ( 4 9 ) .  However , in making in vitro measurements ,

the microsomes are fragmented and form small vesicles. Enzymes in

this fragmented form may act much differentl y from the way these’ same’

enzymes f u n c t  Ion in the  in t a e’t membrane ( 6 )  . Therefore , ant ipvrlne

half—life studies were’ done as an in vivo assessment of such p o t e n t i a l

differences . Ant i pyrine is negl1g fh1~ hound to plasma proteIns (9),

and Its decay in plasma results , almos t entirely , f rom i ts me tabol ism 

~~~
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in t h e  l I ve r  (7  1 , 76 , 77)  . Ant  Ipv r tnt ’ measu re’inen t s supported t host’ made

in v i t r o  on hepatic MFO activities .

There were differences in the osmolarity of the glucose , fructose- ,

and saline injections . However , there did not appear to he an~’

r e su l t a n t  effects due to the hyperosmolar carbohydrate solut ions

compared to the iso—ostnolar solution . Also , there were no apparent

d i f f e r e n c e - s  in the  st a t e  of hydration between any of the groups ,

~ inct- the  serum p r o t e i n  l evels and the volumes of d i s t r i b u t ion were

similar .

Decreased hepatic MFO activity clearly resulted , in some manner ,

from carbohydrate achninistration . However, the exact way in which these

carbohydrates reduced MFO a c t i v i t i es  is not established. It is known

tha t nutritiona l imbalances can affect microsomal enzyme activity

(12 ,19 ,39 ,40 ,5 II , hut this was probably not the case In this s tud y ,

since all of the rats received diets that had identica l amounts of

calories , protein , and carbohydrate. Although the experimental and

control a n i m al s  received identical amounts of these dietary constituents ,

it Is recognized t h a t  the observed fatty Infi ltration in the liver cou ld

have r e s u l t e d  t rom ove r a l l  n u t r i t i o n a l  inadequac ies. It  Is known tha t

high d ietary glucose levels can Increase the liver ’s capacity to

convert  glucose ’ and a c e t a t e  i n to  f a t t y  acids , as w e l l  as cause signifi-

cant elevations in a—glvcerophosphate dehvdrogenase’ (21 ,24 ,33). The

latter enzyme is responsible for the production of the glycerol moiety

of neutral fats. Lipogenesls coul d also have been s t i m u l a t e d  by

glucose oxidat ion in the  d i re c t  (he’xose monophosphate)  ox ielat ive

pathway , by the production of NADP+ (6,22). Since fatty acids undergo 

‘
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oxida tive metabolism by the hepatlt’ MFO system (52), the decreased

hepatic MFO activit y and the increased lipogenesis could iave accounted

for  t he  lipid accumulation in the l iver (29).

Severa l possible mechanisms will now he discussed for the

decreased cvtochrome P—4 50 content , and the subsequent losses of MFO

.ictlvitv , seen in the presen t study. Among these ar t - hyperglycemia ,

hypoinsuilnemla , and Increased levels of hepatlc cyclic AMP. We

observed hy p e r g ly c e m i a , in the’ range of 140 to 193 mg/dl , in both

glucose’— and fructose—treated rats. Our observations confirm those

of o thers  (63 , 72)  who described similar reductions in hepatic micro—

somal drug metabolism when high carbohy drate diets were fed. Even

though these investigators failed to detect significan t elevations In

blood glucose , hyperglycemia might have occurred since glycosuria was

consistently observed in overnight urine collections from their rats

(63,72). In anothe r study (1) on the effects of hyperglycemia on

d rug metabol i sm , a 24—hour infusion of glucose fa iled to produce any

effect on the in vitro metabolism of hexoharbital. This is not

surprising, however , since results from the present study show that

in vitro drug metabolism is not significantly decreased until five

days of sus ta ined  hyp e r g ly c e m i a .

It was interesting that administration of either glucose or

fructose resulted En a constan t state of hyperglycemia. Studies by

Fitch et at. (23,24) sh~~ed that the four enzymes necessary for

conversion of fructose to glucose (aidolase , fructokinase , fructose

1 ,6—diphosphatase’, and glucose—6—phosphatase) can he induced ‘En rats

fed a h igh—fructose diet . Therefore , in the present study , the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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fructose—induced hyperglycemia may have resulted from a stimulation of

these enzymes , producing the gluconeogenic effect (48).

A second possibility for the decreased hepatic MFO activit y Is

hypoinsulinemia. A recent report by Ackerman and Lethman (I) showed

tha t  depressed insulin levels in rats decrease hepatic MFO activity.

Since glucose— and fructose—treated rats in the present study may

have become functionally insulin—depleted during attempted adjustments

to the newly—imposed hyperglycemia , functional hypoinsulinemia may

accoun t fo r  the decreased MFO activi ty that we observed . The possi-

bility also exists that the high levels of parenterallv—administered

glucose may have caused mild degenerative changes in the pancreatic

beta cells. Degenerative changes in the beta cells have been reported

in cats receiving intraperitoneal glucose injections (20). These

degenerative lesions could also result in hypoinsulinemia .

A third exp lanation for decreased MFO activity is that increased

levels of hepatic cyclic AMP may have resulted from hypoinsulinemia ,

or from some othe r unidentified , initiating factor . Hypoinsulinetnia

concurrently produces increased hepatic cyclic AMP levels (1 ,62) and

decreased hepat ic  MFO activities (1,78,80). Recent evidence indicates

that this inhibition of hepatic microsomal drug metabolism by cyclic

AMP is mediated by production of an inhibitory substance in the

microsomes (79). Cyclic AMP elevation is suggested in th i s  s tud y by

decreased hepatic glycogen levels. Both the glucose— and fructose—

treated groups showed a significant decrease in hepatic glycogen

content after seven days of treatment. Elevation of cyclic AMP could 

- -- - L . ~~~~~~~’---~ ~
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result in increased phosphorylase a activity and increased glyco—

genolysis, while at the same time, reducing glycogen synthesis (59).

The decreased hepatic MFO activity seen in this study , as a

result of parenteral carbohydrate administration , could result in

decreased metabolism of exogenous compounds and endogenous steroids

in the body . This decrease in drug metabolism could , in turn ,

permit the accumulation of exogenous chemicals or drugs in the body ,

with potentially detrimental effects.
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