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ABSTRACT 
}; 

Th~ influence of protein-calorle malnutrition (PCM) on the 

anti-infiammatory activity (suppression of carrageenan-induced paw edema and 

pleurisy) of salicylate was studied in Sprague-Dawley male rats. For tbis 

purpose, animals were fed a ZI % (control) or a 5% (PCM) protein diet ad 

libitum or a control diet in restricted amounts (pair-fed). A significant 

increase in the anti-infiammatory activity of salicylate was observed in PCM 

but not in pair-fèd rats. PCM caused a decrease in plasma salicylate (assayed 

by HPLC) concentration (due to increased synthesis of glycine conjugate and 

eliminatiob), no change in tissue distribution, and a moderate decrease in serum 

protein binding of salicylate. PCM exerted inconsistent effects on the 
activities' ot liver lysosomal enzymes (activities of B-glucuronidase decreased, 

of acid phosphatase did not change, and of aryl sulfatase increased) and there 

was no relationship oetween the lysosome stabilizing and anti-inflammatory 

activities of salicylate and other. aspirin-like drugs (indomethacin and 

'" oxyphenbutazone). It wa:;·therefore conc1uded that the PCM-induced increase 

in the anti-inflammatory activity of salicylate was primarily not due to any 

~s in its pharmacokinetics or in its effects on lysosomal membranes. The 

biosynthesis of prostaglandins and Ieukotrienes was studied because of their 

important role in inflammatory pro cesses. PCM decreased the biosynthesis by 

pleural neutrophils of both cycloo~xygenase-depende}lt (major products: 

thromboxane BZ and 1 Z-hydroxy-5,8,IO-heptadecatrienoic acid) and 

lipoxygenase-dependent (Ieukotriene B4) metabolites of arachidonic acid. The 
), , 

bios}rnthesis of prostaglandins EZ and F Z~ by rè\al medulla homogenates and of 
' ..... 

pros taglandin D Z • and 1 Z-hydroxy-5,.8, 1 0, 14-ei~osatetraenoic: acid by spleen 

. Jomogenates were aiso reduced by PCM. At all concentrations of aspirin 

studietl, the_ amounts of these metabolites were less in p~eparatiqns from PCM 
t. 



than from control, animaIs. However,' the concentration of aspirin required ta 

inhibit aracbidonie acid metabolism by 50% of the qlaximum (ICSO> was similar 

in bath groups of animaIs. It is _ concluded that the increase in the 

anti-infiammatory activity of salicylate in PCM animais is mainly the result of 

a net decrease in the formation of arachidonic acid metabolites and migh~ also 

be contributed by a decrease in serum protein-salicylate binding. The study 

suggests that a rationale salicylate therapy requires appropriate consideration 

of the nutritional status of patients. 
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RESUME 
t 

L'influence de la malnutrition protéique et calorique (MPC) sur l'activité 

anti-inflammatoire du salicylate, (suppression de l'oedème de la patte et de la 

pleuresie induits par la carragénine) a été étudiée chez le rat mâle 

Sprague-Dawley. Les animau~ recevient une diète contenant soit 21% de 

protéines (contrôle); - soit .5,96 de protéines (MPC) ad libitum, soit la diète . ---
contrôle mais limitée aux quantités consomm~ par les malnourris (~ontrôle 

. ~ 

limité). La MPC àugmente signific~tivement l'activité anti-inflammatoire du , 

salicylate, ce ~ui n'est pas le cas lo(s d'une carence calori<Îue seule (contrôle 
'" 

. li~té). Chez le rat MPC, la concentration plasmatique du salicylate (mesurée 

par HPLC) est diminuée (augmentation de la synthèse de conjugués-glycine et 
1 

élimination); la distribution tissulaire reste inchangée et la fraction de 

salicylate liée ~U~. protéines sériques est légè.:ement diminuée. La MPC 

n'exerce pas d'ef1tts consistants sur les activités des enzymes lysosomales 

hépatiques (diminution de l'activité de la B -g1..ucuronidase, aucun changement de 

celle de la phosphatase acide et augmentation dans le cas de l'aryl-su!!.atase). 

On n'observe aucune relation entre les activités de stabilisation du lysosome et 

de l'effet anti-inflammatoire du salicylate et des autres médicaments semblables 

à l'aspirine Cindométhacine et oxyphenbutazone). Pour ces différentes çaisons, 

il est conclu que l'augmentation de l'effet du salicylate induite par la MPé 
, . 

n'est pas dûe à des changements pharmacocinétiques ni à son effet sur la 

membrane lysosomale. L'influence de la MPC sur la biosynthèse des 

prostaglandines et des leukotriènes a été étudiée en raison du rôle important ". . 
joué par ces substances dans le processus inflammatoire. La MPC diminue la .. 
biosynthèse par les neutrophiles pleuraux des métabolites dépendants 'de la 

cyclooxygénase . (pro~uits principaux: thromoboxane ,8 2 et acide 

12-hydroxy-5,8,10-heptadecatriènoiqlJe) et de la lipoxygénase Oeukotriène 8
4
) de .. 
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l'acide arachidonique. La biosynthèse des prostaglandines E2 et Fiadans des 

homogén~ts de médulla rénale et celle de la prostaglandine 02 et de l'acide 

12-hydroxy-,,8,10,14.--eicosatéraèl}oique dans des homogén~ts de rate "sont aÛSsi 

réduites par la MPC. A toutes les concentrations d'aspirine étudiées, les 

quantités de ces métabolites étaient moindres chez les rats MPC que chez les 

cootrôles. Par contre la dose d'aspirine requise pour inhiber le métabolisme de . 
l'acide arachidonique à 50% de son maximum (CI50) est identique dans les deux 

groupes d'animaux. Il est conclu que l'augmentation de l'activité 

and-inflammatoire du salicylate provoqu::- par la MPC est dûe principalement 
o 

à l.Ile nette diminution de la formation de métabolites de l'acide arachidonique 
• \ 

et pourrait aussi être expliquée par une diminution de la li~son du salicylate 

• 
aux protéines sériques. Cette étude suggère que l'état nutritionnel des patients 

doit être pris en considération pour le choix d'une thérapie rationnelle au 
): 

saliC}~late. 
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1. INTRODUCTION 

• .. 
According to a United Nations estimate of 1974, approximately 500 

million people, mostly in the developing countries, suffered from varying 

degrees of protein-calori~ malnutrition (PCM) (Joint FAO/WHO, 1976). The 
~ , 

incidence of protein-calorie malnutriti?n in industrialized societies ia not rare, 

al though it is usually secondary to renal, hepatic, or neoplastic diseases or 

surget1'. F~r instance, 40-50% of the hospitalized'pa-tients in the U.S. and U.K. 

were found to suffer from varying degrees of protein-calorie malnutrition 

(Bistrian 'èt al.; 1976; Hill et al., 1977). 

Although it h~ ~ been long recognized that nutritional factors may 
.' 

modify drug effects (Drill, 195Z; Opie and Alford, 1915a, 1915b), tbis 

realization has not stimulated sufficient investigation into the influence of 
, 

clinical and experimental malnutrition on the therapeutic efficacy of drugs. 

2 

.' 

! 
i 

Studies in the area of protein deficiency and drug interactions have been ____ ,1 
largely' confined to an evaluation of toxicity and metabolism of chemicaIâ-'~d 

environmental pollutants (Boyd, 1972; Campbell and Hayes, 1974; Williams, 

1978). A few studies have also dealt with the influence of dietary protein 
1 • 

~deficiency on the plasma protein-drug binding, p~armacokinetics and biological 

activity of drugs (Alvares et al., 1979; Campbell et al., 1979; Canney, 1967; 

Mehta et al., 1915; Samuel et al., 1976; Shastri and K:ishnaswamy, 1976, 1979; 

Varma, 1979, 1980; Varma and Mulay, 1980; Varma et al., 1982). 
, 

Protein-c8J.orie malnutrition i8 associated wlth several' ph,ysiological and 
1 

. 1 
! 

biochemical changes, which can modify the biological activity of drugs in 

different ways. Some of these consequences of protein-calorie ma1nutrition, 

whicb have been shown to alter the ,effects of drugs, are described be10w. 
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Quantitative or qualitative dietary protein deficiency is 'associated with 
r 

a decrease in the activity of several hepatic drug-metabolizing enzymes 

(Anthony, 1973; Campbell, 1977, Campbell and Hayes, 1976; Campbell et al., 

1979; Ericksson et al., .197 5; Hospador and Manthei, 1968; Kato et al., I96Z, 

/ 
... /'1968; Marshall and Mclean, 1.969; Mclean and Mclean, 1966; Mgbodile and 

Campbell, 1912; Mir~da and Webb, 1973; Newberne et al., 1978; Varma, 

19S0a; Thabrew et al., 198Zj Hoyumpa and Schenker, 1982; Basu, 198Z). 

Enzymes of intestinal endoplasmic reticulum (Chhabra and Tredger, 1978), serum 

and liver cholinesterase (Casterline and Williams, 1971) and acetyl-CoA 

synthetase (Gerson and Wong, 1978) are also affected by protein deficiency. 

The metabolism of carbon tetrachloride (Seawright and Mclean,_ 19,67), 

oHeptachlor (Weatherholtz et al., 1909), octamethylpyrophosphoramide (Kato et 

al., 1968), ethanol (Horn and Manthei, 1965), antipyrine and theophylline 

(Alvares et al., 1979), sulphadiazine (Shastri . and Krishnaswamy, 1979) and 

phenylbutazone (Varma, 19-79) are reduced in protein-malnourished patients or 

animals. However, all drug-metabolizing enzymes are not equally affected by 

protein deprivation. Al though the conjugation of chloramphenicol with 

""'" glucuronide was reduced in malnouris'hed children (Mehta et ,ai., 1975), an 

association of dietary protein deiiciençy in rats with an increase in the activity 

of UDP-glucuronyl transferase and no change in sulphotransferase has been 

reported (Woodcock and Wood, 1971), suggesting that the enzymes involved in 

the synthetic conjugation of drugs might differ from the group of 

N ADPH-dependent drug metabolizing enzymes. Besides, drug-metabolizing 

enzymes can still be induced during PCM (Anthony, 1973; Campbell and Hayes, 

1974; Hospador and Manthei,. 1968; Marshall and Mclean, 1969; Mclean' and 

Mclean, 1966; Miranda and Webb, 1973; Varma, 1980a). The significance of 

the chanse in the activity of many drug-metabolizing enzymes on drug effects 

is obvious. However, thé metabolite(s) of a drug can possess greater or lesser 

biological activity than the parent compounds (Conney, 1967; Williams, 1978); 

'3 
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consequently, protein-calorie malnutrition may lead to a decrease or an increase 
, , , 

in the pharmacol9gical effects of drugs • 

Protein-calorie malnutrition is assoclated with a decrease in the hepatic 

synthesis and the serum concentration of albumin in humans as weil as in 

experimental animais (James and Hay, 1968; Ke~man et al., 197Z; Kirsch et 

al., 1968; --Margan and Peters, 1971; Pain et- al., 1978; Varma, 1979, 1980b). 

A decrease in plasma protein binding of drugs in malnourished hum~ and 

experimental animals has also been observed (Shastri and Krishnaswamy, 1976; 

• 
Varma, 1979). For agents with high affinity for pl~~ album in, the d~gree 

of fractional binding is considered an important factor in their biological action 

and metabolic de~adation (Goldstein, 1949; Bridges and Wilson, 1976). Since 
, ' 

most drugs bind to plasula albumin, a decrease in its concentration during 

protein deficiency is likely to result in an increased availability of the 

biologically active fractions of drugs., If the drug is metabolized by an 

enzyme(s) whi<:h has a lower activity during protein malnutrition, a decrease in 

th~ fractional binding may lead to a considerable increase in the biologie al 

effect of drugs, as i8 probably the case with Warfarm (Colvin and Wang, 1974). 
~ , 

If, on the other band, the drug is not metabolized in the body, tl,!e,dectease 
Q 

in binding may lead to an increase in its clearance aS has been reported foj 

tetracyclines (Shastri and Krishnaswamy, 1976). A decrease in th~ binding of 

salicylates in malnourished children belo~ the age of one year (Monckeberg et 

al., 1978), and phenylbutazone and oxyphenbutazone in protem-deficient rats bas 

also been reported (Varma, 1979, 1980c). r-/! 

(, 
!il' 

Protein deficiency has been s.n to aJ,ter -the pfuu.macokiiieUca of 

certain drugs ,(Alteyne and .Young, 1967; ConDey et al., 1977; Mehta.t al., 

1975; Monckeberg et al., 1978; Shastri and Krishnaswamy; 1976; V8l'ma, 1979, 
~ 

1980c). Sever al changes induced by protein-calorie ~alnutrttion, sucll as, the 

·4 
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activities of drug metabolizing enzymes, protein-binding, tissue-binding, renal 

functio~ and changes in other body functions can influence the pharmacokinetics 

of drugs. Protein-calorie malnutrition in adults is associated with a decr~ase 

in the plasma, half-lire, volume of distribution and absorption, and an increase 

in the clearance of tetracycline (Shastri and Krishnaswamy, 1976). The 

clearance and metabolis~ of chloramphenicol, howeve;, is reduced in 

malnourished children (Mehta et al., 1975). A low protein-high carbohydrate 
j) 

• 
diet led to an approximately two-fold increase in the plasma half-life of 

. 
antipyrine and theophylline in human volunteers (Conney et al., 1,977; Alval'es 

et al., 1979). On the other hand, the plasma half-life of digoxin and ouabain 
, , 

and the relationship of the tissue concentration to the myocardial effects of - . 
digoxin and ouabain in guinea pigs (Varma, 1980b) and of catecholamines in rats 

(Benfey et al., 1983), was ,not influenced by protein deficiency. Enough dat~, 

are not available to permit any generalization about the relationshfp betwe~n 

chemical structure of drugs and protein deficiency-induced changes in 

pharmacokinet,ics and ·pharmacodynamies. 

" 

Clinical and experimental malnutrition is also associated with marked 

J changes in Many physiô~ogical anp bi6chenïical. processes which alone or in 
, 

combination can influens,e drug b-ehaviour. These • i'nclude changes in the 

-----.tY.nction of various endo'crine organs (Aldard and Smart, 1912; AlleYIle. and 

Young, 1967; Atinmo et al., 1976; Coward et al., 1977; Whitehead aÎld L,unn, 

197'9; Youlton et al., 1972; Mulay et al,., 1982), immune competence. (Chandra, . 
1977), fluid. and electrolyte balance (Ka~an et al., 1972.; Mann et al., 1975) and 

nu~leic a~id synthesis (Haider and Tarver, 1969; Umana, 1965). It has also 

been shown that protf!in-calori~ malnutrition is assocÎated with. changes in 
'i; 

glucocortieoid receptors and actions (Varma and Mulay, '1981; VéI;l"ma et al., 

1982) and placental transfer of drugs such as salicylate (Varmâ, and Yue, 1983). 

" 
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Although salicylates are among the world's m08t commonly, used drug., 

there are very few studies on the influence of .,rotein-calorie malnutrition on 
J 

their pharmacology. Plasma protein binding of salicylate was found to be 

reduced in malnourished children (Monckeberg et al., 1978). Maternal protein 
1 • 

defidency (W ~t, 1964) or food restriction (Bell and--Klein, 1967) has also been . 
reported to increase the f~tal toxicity of salicylates in animals. No systematic 

-
study on the influence of protein-calorie malnutrition on the anti-inflammatory 

effects of salicylates has been 'reported. 

Presentation of the Problem 
J 

Nonsteroidal and steroidal anti-inf1am~atory agents are commonly used 

in countriès with widespread protein malnutrition. However, only a few studi~s 

have dealt with the influence of diet'ary protein deficiency on the 

pharmacological activities of these agents (Varma, 1981). 

In a study On the influence of dietary protein deficiency on the 

anti-inflammatory and ulcerogenic effects of dexamethasone in rats, it was 

foun~ that a low protein diet decreased both the anti-inflammatory and 

Illcerogenic effects of the steroid, which çould not be attributed to any 

pbarmacok~etic changes (Varma and Mulay, 1980). Conversely, phenylbutazone 

exerted a greater ulcerogenic (Varma, 1979) and oxyphenbutazone a greater 
g -

ulcerogenic and paw edema suppressant activity in rats fed a low protein diet 
• 1 

~han in control rats (Varma, 1980c). A low protein diet in rats was associated 

~ith increases in the plasma half-lives and decreases in the plasma protein 

bipding of both drugs, and a decrease in the metabolism of phenylbutazone 

(Varma" 1980a). The observed changes in the ph~macdlogical effects of thëse 

drugs in animals with protein-caIorie .. ma1nutritibn might have bee~ caused by 

o changes in the pharmacokinetics of these agents, b1,lt the exact mechanism was 

not cIear from these studies. 
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• 

These findings indicate that protein calorie maln.ptrition might alter the 
- -"'::...- ' ,. 

phamacology of other nonsteroidal anti-infiammatory agents. We selected 

sallèylates .. the test agents sine. they ".,\m the mast exteuslve1y' emp~ 
anti-infiammatory and analgesic-antipyretic agents (Flower et al., 1980). For 

instance, lZ-25 million kg of aspirin are consumed annually in North America 

(Mustard, 1982). Aiso, salicylates are the standard of reference for comparison 

and evaluation of other drugs with similar effects. Moreover, considerable 

advanœs have been made in the understanding of the mechanism of actions of 

salicylates subsequent to the demonstration that these agents inhibit 

prostaglandin aynthesis (Vane, 1971). However, the influence of dietary protein 

deprivation on the pharmacological activity of salicylates bas not been fully 

" studied. In the present study we have investigated the influence of dietary 

protein deficiency on the anti-inflammatory activity of salicylates and have 

attempted to define the mechanism of the observed increase in tbis activity • 

• 
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Z. SAUCY'LATES: A REVIEW OF PHARMACOLOGY , , 

The main p~armacological properties of aspirin and sodium salicylate 
" 

are their anti-inflammatory and analgesic-antipyretic activities. These agents 

reUeve mild pain of diverse causes and lower an elevated body temperature. 

The anti-inflammatory effect of salicylates is fundamental both to their 
, , 

analgesic and to their antirheumatic effects. The Most common toxic effect 

of salicylates is gastrointestinal damage,' 

Z.I. Pharmacokinetics and Metaboli~m of Salicylates 

Orally ingested salicylates are absorbed rapidly and completely 

(Davidson, 1971; Levy and Leonards, 1966) partIy from the stomach but mostly 

/' 
from the upper small intestine. Appreciable' concentrations are found in plasma 

. . 
in less than 30 minutes. After abs?rption, salicylates are distributed into most 

body tissues and transcellular fluids, primarily by pH-dependent passive 

processes. Aspirin is ~apidl~ converted to s,odium salicylate, with, as much as 

3 Z-5'O% of orally adnlinistered' aspirin hydrolyzed before it enters the 

circulat io'n. The ,absorbe~. ester is rapidly hydrolyzed to salicylic acid 

(Riegel~an, 1971-; Rowland et al., 1972) •. As a result of the rapid hydrolysis, 

plasma ll~vels of ~pirin are always low at" ordinary therapeutic doses and can 

be detected only .for a short time. The plasma half-life of aspirin in m.an is 
. . 

only about 15-Z0 minutes (Le';')', 1965: Rowland and Reigelman, 1968). At 

concentrations encountere~ diniCally, from 70 to 90% of salicylates are bound 

to plasma pI'oteins, ma,inly albumin ('LeV}'" and Leonar~, 1966; Hucker et al., 

1980). 

The biotransformations of salicylates take place in many tissues, but , 

particularly in liepatic endoplasmic reticulum and hep~t(c as weÜ as renai , \ , . ~ 

• 
m itochondria (Forman et al.,' 1971). 

• 1 
.The 'three chief metabolites are -the 

" , 

conjugate with glyCin~ yie,ldi~g 'salicyluri~ acid (SU)', the salicylphenolic 

-" 



t glucuronide (SPG) and the salicyl acyl glucuronide '(SAG); a small fraction ia 

, oxidized to genfisic acid (Flower et al., 1980) (Figure 1). The formation of 

salicyluric acid is ,capaçity limit~d and proceeds by easily saturable 

Michaelis-Menten kinetics. SimUarly, phenolic glucuronide formation ~as a180 ' 

been ahown to be saturable although at somewhat higher Qalicylatè le'\fels. 

TberefOl"e, the metabolism of salicylates is dose-dependent (Davison, 1971; Le'V'y 

et al., 197Z; Levy, 1979). The plasma half-life for salicylate in bumans is Z 

to 3 bours at low doses and 15 to ZO hours 'at high doses (Levy, 1979). The 

rat, like hum ans, has only limited capacity for the synthesil!5 of salicylwlate 
, . 

from salicylate and glycine. However, salicylate elimJnation by rat follows 

apparent first-order kinetics afte.r administration of a dose as high as 100 

mglkg althoug,h salicylurate formation proceeds at a colistant rate. ,This. -could 

be due to the fact that glycine conjugation is only one of the major rout~s Qf" 

salicylate metabalism in rats (Nelson et al., 1966). It has ~so been fo~~ that 

plasma concentratia~ profiles in dog and swine resemble those in man with' , 

indications of saturable elimination while those in 'the pany, the goat and the 
.' 

, " 
cat follow first-arder kinetics (Hucker et al., 1980). 

Salicylates are excreted mainly by the kicihey. Studies in man indicate 

that ~alicYlate is excreted in the urine as free salicylic acid, salicyl~c acid, 

sali~yl' ph~nolic and acyl glucuronides, and gentisic acid. However, excretion 

,of free salicylic acid ls extremely variable (Levy and Leonards, 1966; 'Ne:J.son, 

,1966; Furst et al., 1'79). 

Z.2. Mechanisms of Action of Sali Cylatés' 
i 

Several hypotheses have been êldvanced to ixplàin the actions of 
> ,1 

aSpirin":\ike drugs. These include an futerference w.i~ oxidative' phosphorylatiÔl1 - , 

(Whitehouse and Haslam, 1962), tbe displacement of an' end~genous 

antHnflammato~ 1;»eptide from plasma protetD (M~Art~ut et' al., 1971a.b; Smith 

.. 1 -~,~"""'f' ... ' __ f , . 

10 

et al., 1971), Interference with the migrati()D, O'f leukocytes (Di Rosa et aL. '. ~ - ' 
l' ," " , ,~~\~ -_ '" _ ,*-;~.'i ... "I:!.*t~j/'4;t 
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Figure 1. Metabolie pathways of salicylates. The major metabolites of 

\ 

Il 

salicylate are salieyluric acid and salicyl glucuronides (salicy1 phenolic 

glucuronide and salieyl acyl glucuronide). A variable fraction of 

salicylate is excreted unchanged and a sma1l fraction is oxidized té .. 
gentisic acid. 
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~ 

1971a.b), inhibition of leukocyte phagocytosis (Chang, 197Z), inhibition of 

generation of lipoperoxldes (Sharma et al., 197Z), and hyperpcùarization of 

neuronal membranes (Barker and Levitan, 1971; Levitan and Bark,er, 197Z).· 

.' 
-, 

These hypotheses have obvious discrepancies and ignore the possibility 

that l}lany observations could be due to an inhibition of the metabolism of 

arachidonic acid lFerreta and Vane, 1974). For instance, higher conce~trati~ns 

of salicylate are needed to uncouple oxidatÎ'lre phosphorylation than that 

achieved by therapeutic doses and no ccm.vincirig evidence relating uncoupling 

potency to anti-inflammatory activity has been obtained (Smith and Dawkins, 

1971). Inhibition of leucocyte phagocytosis a150 occurs only with high 

concentrations of aspirin-like drugs (Chang, 1972.). Interference with migration 

. 0 f leucocytes i8 no longer a ten~b1e hypothesis, because salicylate and 

indomethacin affect on1y migration of monocytes and not of polympfphonuclear 

cells (Van Arman et al., 1970). ~i~mation of displacing anti-infla~matory 
p,eptides from serum proteins will lepend upon isolating the peptides bom 

serum (Ferreira and Vane, 1974). The Interference with generation of 

lipoperoxides could be explained' by inhibition of prostaglandin synthetase. 

In addition,-a number of reports have proposed that anti-inflammatory 

agents produce their. effects -by $tabilizing- lysosomal membrane and thereby 

inhibiting the re~ease of lysosomal enzymes (Igrtarro, 1974; Weissmann, 1961, 

197Zj Gryglewski, 1979). 

Since Vane and associates demonstrated that low concentrations of 

aspirin and indometbacin inhibited the enzymatic production of prostaglandins 

(PGs) in different biological systems (Ferreira et al., 1971; Smith and Willis, 

1971j Vane, 1971), the cc:mc~pt that the inhibition of biosynthesis of POs is the 

m 4ii:n m echanism of aspirin:'like drugs bas been widely accepted (Moncada and 
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Vane, 1979; Kuehl and Egan, \.980; Oates, 198Z; Flower, 1983). It is now 
r () \ 

possible to explain why such heterogenous agents have the same basic 

therapeutic activities and often the same basic side effects. 

Z.Z.1. Inhibition of Biosynthesis of Prostaglandi~s (PGs) 

Z.Z.I.1. Metabolism of Arachidonic Acid 

Arachidonic acid (AA) is released from membrane ,phospholipids by the 

action of the enzyme phospholipase AZ' Once released, AA is rapidly 

metabolized ta oxygenated products by a C!'yclooxygenase and several 

lipoxygenases (Figures Z, .3;' 4). AU available evidence indicates that cells do 

not store PGs and their ~elease depends on de nova biosynthesis (Oates, 198Z). 

Cyc100xygenase Pathway. As the first step, AA is oxygenated and 

cyclized to form the cyclic endoperoxide derivatives, PGGZ and PGHZ' These 

endoperoxides, which are chemica14y unstabl~, are then isomerized enzymatically 

or non-en~ymatical1y inta different products PGEZ' PGF 2a or PGDZ' , 

The endoperox'ide, PGHz. i8 a180 metabolized into two unst~ble and 

biologically highly active compQUnds. One of these is thromboxane AZ (TXAZ)' 

formed by an enzyme, thromboxane synthetase. TXAZ is unstable and breaks 

down nonenzymatically ioto the stable thromboxane BZ (TXBZ)' PGHZ i~ ,also 

.. converted., t'o prostacy~lin (PGIZ)' which is hydrolyzed nonenzymatically ta a 

stable compound, 6-oxoPGF 1 n (6-Keto-PGF lex): 

oB 

1be endoperoxides ;;u-e aIso transformed into a l7-carbon hydroxy acid: 

1 Z-hydroxy-5, 8, lO-heptadeca,trienoic acid (HHT) witb the concomitant 

formation of maIondiaIdehyde. It has been found that aU mammalian ceU types 

studied, with the possible exception of the erythrocyteJ possess enzymes for . 
u' , 

the synthesis of PGs. 

~ --------------~ ~--~ -~-
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PHOSPHOLfPIDS 

~ 
ARACHIDONIC A CID 

PROSTAGLANDIN (PGG2 ' 
ENDOPEROXIDES ( PGH2) 

/ 
6-oxo PGF,a 

5- LIPOXYGENASE 

5-HPETE >- 5HETE 

J . 
LEUKOTRIENE A4 

(LTA4) 

1 
Figure 2. Transformation of arachidonic ac1d into prostaglandins" 

thromboxanes and leukotrienes. 

PG: prostaglandin 

TX: tJ\.romboxa ne 
, . 

HHT: o12-hydroxy-5,B,lO-heptadecatrienoic acid 

lT: leukotriene " 
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Figure 3. The cyclooxygen~se pathway of arachidonic acid 

metabolism leading to the biosynthesi~ of prostaglandins 

and thromboxanes. 

M: ar~chidonic acid; PGG 2:" prostaglandin G2; PGR2: 

prostaglandin ~2; PGI2: prostacyc11n; TXA2: thrombàxane A2 ; 

TXB2: thromboxane E2; PGE2 : prostaglandin E
2

; ·PGD
2

: 

prostaglandin D2; _PGF2a : prostaglandin ~2a; HRT: 12-hydroxy-

5,8,lO-heptadecatrienoic acid; MDA: malondiadehyde. 
'1 
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Lipoxygenase Patllway. In contrast to fatty acid cyclooxygenase, which 

is widely distributed, the distributions of lipoxygenases are more restricted. 

For instance, S-lipoxygenase is mainly found in white cells and 12-lipoxygenase 

in platelets and a few other tissues (Samuelsson, 198Z). The first step in the 

formation of leukotrienes is oxygenation of AA.~ by 5-lipoxygenase to form a 

bydroperoxy acid (5-HPETE) (Figure 4). This reaction takes place in both rabbit 

and human polytP9rphonuclear leukocytes (PMNLs). 5-HPETE is dehydrated 

enzymatically into an unstable intermediate leukotriene A4 (LTA
4

) which is , 

converted enzymatically by bydrolysis into leukotriene B4 (LTB4)* and by 

addition of glutathione into leukotriene C
4 

(LTC
4
). LTA4 can also be 

converted nonenzymatically by hydrolysis into two isomers of LTB
4
** (Radmark, 

et al., 1980; Corey, et al., 1980), which are biologically far less active tban 

LTB
4 

(Bray et al., 1981; Smith, 1981-)c- An additional isomer
o 

of LTB4 ***, 

isolated from 8wine leukocytes, bas been recently identified and has much lower 

bl010gical activity than LTB4 (Borgeat et al., 1981). LTC4. is metabolized to . 
tbe corresponding cysteinylglycyl derivative (LTD 4) and cy~teinyl derivative 

(LTE,,). LTE4 can be, converted into LTF 4 by addition of a y-glutamyl residue 

eSamuelsson, 198Z). ~ The 5-HPETE can, also be converted enzymatically into 

5-HETE (Figure Z and Figure 4). 

/" 
·poxygenase pathway metabolite of AA isolated from buman 

platelets guinea pig lung is 12.-HETE, which is converted enzymatically by 

degradatio from lZ-HPETE (Hamberg and Samuelsson, 1974). 

* LTB4:5(S),IZeR)-dibydroxy-6,8,10,14 - (Z.E.E.Z.)- eicosatetraenoic acid. 
** These two isoJJlers of L TB are 

5.(S), lZ(R)-dihydr0Xf - 6;i;i-o,14 - (E.E.E.Z.) - eicosatetraenoic acid 
5(S), lZ(S)-dihydroxy - 6,8,10,14 - (E.E.E.Z.) - eicosatetraenoic acid 

*** 5(S), lZ(S)-dibydroxy - 6,8,10,14 - (E.Z.E.Z.) - eicosatetraenoic acid " 

. -
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Figure 4. The 5-1ipoxygenase pathway o~ arachiddhic acid metabolism 
. , 

leading to the biosynthesis of leukotrienes 

5-HPETE: 5-hydroperoxy-6, 8,·11, 14-eicosatetraenoic acid; 5-HETE: 

5-hydroxy-6,8,lO,14-eicosatetraenoic acid; LTA4 : leukotriene A4; 

LTB4 : leukotriene 84; LTC4 : leukotriene C
4

; LTD4 : leukotriene D
4

; 

GTST: glutathione-S-t~ansferase; GGTP: y-glutamyl transpeptidase. 
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Z.Z.l.Z. The Inflammatory Effects of 

Prostaglandins and Leukotrienes 

It is generally accepted that AA-derived products, prostagland.ins ~d 

leukotrienes, are involved in inflammation. They have been detected ,in 

ntlmerous inflammatory conditions in both hum ans and experimental anim'ala. 

They could originate from the inflamed tissues, local blood vessels or invading 

leukocytes (Vane, 1976; Williams and Peck, 1977; Higgs et' al., 1979b; 1'981; 

Moncada and Vane, 1979b; Kuehl and Egan, 1980; Klickstein et ,al., 19~{); 

Weissman, 198Z; Hasada et al., 198Z). The main actions of AA-derived 
, , 

products in inflammation are vasodilatation, edema, pain (hyperalgesia) and 

leukocyte migration (chemokinesis and chem9taxis) (Samuelsson, .198~). The 
} , 

cyclooxygenase products and lipoxygenase products have a syne~gistic effect in 

inducing inflammation (Moncada and Vane, 197~; Smith, 198~;, SamuelsSo~, 

198Z; Rackham and Ford-Hutchinson, 1983). 

lostaglandins o~ the E series in nanogram amounts "cause ~thema. 
(Solomon et aL, 1968), and vasodilatation (Williams and Pec~, ~'917; D~tin.g I!!t 

, 
al., 1978). There ~e two features of the vascular effects of PGs not share~ 

by other p1tative mediators of inflammation - a long lastuig vasodilator action 
~ 

and the capacity ta counteract the vasoconstrictor effe<;ts of substances sUcb. 

• as norepinephrine and angiotensin. PGIz and its degradation praduct, 6-oxo 

PGF1a, also induce erytpema when injected into the rabbit sk~. and PGIz is a 

very potent v840dilator ,(Higgs et al., 1977, 1978, 1979a; Moncada and Vane, 

1979; Williams and Péck, 1977). 

PGs, like other putative mediators of inflam~ation, increase vasculat 

permeabUity in the postcapillary and collecting venules. They cari potentiate . 
cal'rageenan-induced paw edema in rats (Higgs et al., i 978; Komoriya et al., 

1978; Murota et aL, 1979), mcreue vascular permeabüity (MUlota and' Morita, 

. ' -
, , 

, , 

, . 

1 
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-, 1918), and enhance the vascular permeability induced b1 other agents such as 

bradykillin, histamine and 5-H.T (Komoriya e.~ ~1., 1978; Williams and Morle 

1977; Williams and Peck, 1977; Peck and Williams, 1978; Williams, 1979). 

L TC 4 and L TD 4 promote plasma exudatiorÎ from postcapillary venules 
c • 

(Hedqvist and Dahlen, 1983). When iojected intradermally, as little as 100 

fmole of either cqmpound can induce plasma leakag~. Higher doses produce) 

dose-dependent. increases in spot diameter (Drazen et al., 1980; Hedqvist et 
\> 

al., 1980). *1n ëtpplied topically ta the cheeIt pouch,. LTC4 and LTD4 elicit 

" . 
a direct, dose-depe~dent contraction of arterioles, which is followed by a 

.. . i 
dose-dependent leakage of macromolecules (Dahlen et al.,' .1981). LTB

4 
itself 

has little or no effect on vascular permeability (Higgs et al., 1981; Lewls, 

1981b; Morley et al., 1981; Wedmore and Williams, 1981; Dahlen et al., 1981), 
, 

but bas a synergist~c effect with PGs în increasing plasma "e*udation (Wedm6re 

and Williams, 1981; Higgs' et al., 1981; Smith, '1981; Bray et al., \981aj 

Morley et al., 1981); this is Ç>f' importance in the formation of edema 
.. 

(SamuellJson, 1982.; Rackham and Ford:-Hutchinson, 1.983). In. ade;ution, LTB" is 
t-

, " 
eq~ipotent, with PGEZ and PGIz.· in potentiating bradykit;lin-induced p)asma 

exudation (Higgs et ai., 1981). 

Leukocytes, especially polymorphonuclear leqkoqtes (PMNLs~, play an 

~mportant role in the i~flammatory process. Thé migration and accumulation 

of leu~oltytes is i1pportant in the development of infla'mma~ory reactioi)S 
, . 

(Weissmann, et aI., 1979; Spisari an? Traniello, 1979). Lèukocytes respond to 

inflalllmatory stimuli and colleet at tue site where inflammation is initiated, 

owing to tbeir mobility and their chemotactic behaviour. Leukocytes cdtJtribute 
. -

to, tissue damage and exacerbate inflammation by at" leut two distinct" , 
mec~anisms, i.e., by phagocytic attack, which substantially inereases PG release 

from PMN leukocytes (Higgs and Yoult't)n, 19n; Biggs et al., 1975,' 1983; 

'" " 

.' 
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Zurier, 1976} and leads to the elaboration of other classes of mediators 

(Weissmann et al.,' 1979; Zurièr et al., 1973), and by secretion of large amounts 

of lysosomal hydrolases and neutral proteinases (Baggiolini et al., 1979; 

Weissmarm et al., 1979). It was found that the PG levels at inflammatory sites 

are closely related to leukocyte infiltration (Di Rosa and Willoughby, 1971). 

Moreover, the complement-derived peptide C5a and the synthetic peptide, 
, -. i 

formyl-methionyl-leucYl-phenylalanine (FMLP), affect vascular permeability 

indirectly through the rapid involvement of PMN leukocytes at the inflammatory 

site (Smith, 1982). 

, 
There is now a substantial body of evidence showing that LTB

4 

possesses cytotactic activity. LTB 4 causes the aggregation in vitra of a 

number of leukocyte ceU types that include human, rat and rabbit 
4 

polymorphonuc1ear leukocytes, monocytes, and macrophages. The ED 50 values 

for the aggregating activity of LTB4 ar~ between 0.5 and 1.0 ng/ml for human 

and rat PMNL suspensions' (Ford-Hutchinson et al., 1980; 1981). Using human 

peripheral PMNLs as the test cells, LTB
4 

shows maximal chemokinetic activity 

at concentrations ranging from 10 to 30 ng/ml. It has aiso been proven that 

despite differences in !!-ssay methods LTB 4 is a potent chemotaxin in vitro 

~me~ et al., 1980; Smith, 1982). The. concentration of LTB
4 

that produces 

a maximal stimulation of th~ directed fl)igration of human peripheral leukocytes 

is from 0.3 to 30 ng/ml (Smith, 1982). So its potency as a chemot~xin, 

chemQkinesin, and aggregating agent in vitro is equivalent to, that of the 

established cytotaxins, C5a and the h 
. Ii 

synt etlc peptide 

formyl-methionyl-leucyl-phenylalanine (FMLP) (Ford-Hutchinson et al., 1980; 

Bray et al., 19~1b,c; Smith, 1981; .1982; Palmer and Yeats, 1981; Cummingham 

et al., 1980). Moreover, _~ further similarity,between LTB
4 

and the other 

cytotaxins in vitro is Hs ability to .cause increased release of lysosomal .. 

leukocytes (Palmer cet al., 1981; Goetzl and.. Pickett, 1980; Rae 

20 
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and Smith, 1981). Single doses of LTB4, ranging from 25 to 500 ng, cause the 

accumulation of neutt:0phils at local sites of administr.aÙon in a number of 

animal species and man. An intl'aperitoneal injection of LTB
4 

in the guinea 

pig or in~uctioI1 of LTB4 mto th~ aqueous humor of the rabbit eye produces 

il significant increase in the total number of white cells in the peritoneal. fluid 

or the aqueous. humor (Bhattacherjee et al., 1981; Smith et al., 1980). 

Intradermal 'injection of LTB4 causès a dose-dependent increase in the number 

of leukocytes in the .dermis of the rabbit (Bray et al., 1981d; Carr et al., 

1981). By using the intestinal mesentery of the rabbit or the cheek pouch of 

the hamster as a model, it was consistently found that LTB
4 

caused ,leukocytes' 

to adhere to, and pass through the wa1ls of small venules (Bray et al., 1981b). 

The cytotactic activity of LTB4 in ~ appears to be the basis of a fur'ther 

effect of ,the leukotriene on vascular per~eability (Bray et al., 1981a). The 

mono-HET~s, e.g. 5-HETE and lZ!..HETE, are also c:!hemotactic agents, but they 

are at least 100 times less potent 'th~ LTB4 (Ford-Hutchinson et al., 19~O; 

Higgs et al., 1981; Bray. et al., 1981b; Lewis, 1981a). Sorne cyclooxygenase 
, 

pathway products, for', Îllstance, HHT and TXBZ are also found ta possess 

chemotactic effect" but these are .also far less. potent than LTB 4 (BoÔl et al., 

1976; Kitchen et al., 1918; Goetzl and Gorman; 1978). 

Induétion of "hyperalgesia is a, typic;al effect of low concentratiolls of 

PGs. For exampll;!, minute amounts of PGE'" given intradertnally to man cause 

a long-lasting hyperalgesia (Ferreira, 1972). PGs' lower the pain threshold ta 

mechanical stimulation and enhance nociceptive actions of bradykinin, substance 

P, 5-HT and histamine .in man (Ferreira, 191Z) ud other species (Rosent hale 

et al., 1912; Férreira et al., 1913; Moncada at al., 1975; Juan and Lembeek, 

1976; WilUs ~d COrnel!1èn, 1973; Ferl'eira et al., 1918; Staszewska-BllU'czak et 

al., 1976; Ferreira and Nakamura, '1979). 'The effects of PGs of the E series . ' 

are delayed and long lasting while those of PGIZ are immediate and short 
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'Fe~ is often associated with inflammatpry processes, sinee fever, pain 

and \nflammation are aU ,closelY' related as part of ,the body's defence 
(1 , " l ' 

mech~i~ms to injury and i~f~ction; PGE1 and PGEZ injected directIy i~to the 

thermoregul~tory area, of the anterior hypothal,amus promotè he~' gain and 

inlu"bit heat loss mechani~ms (Milton and W'endlandt, 1970; Feld~rg and Saxena, 

1971; Milton and Wendlandt, 1971; Miitan, 198Z). .Foreign and ehdogeno~s 

pyrogens, which produce fever, increasa PGEZ' levels' in the c;.SF. The . " 

conoentration' of PG~2. in ~SF fOlPld during fever would be suffident· to 

produce a rise in deep body ·temper";ture if it we're 'applied to the 'resion'-of 

the anterior hypothalamus (F,eldberg ëU)d Gupta, 1973; FeJdbe,rg et al., 1973; 

Dey et al., 1975; Harvey e.t al., 1975). During baèterial pyroge~ fever a 

circulatirig pyrogenic mater.iai of endogenous origin i$ found in the plasma, 

which when transferred to il' recipient animal, can produce bath fever and a' 
, , 

rise ~n, PGEz. Jevels in 'the qSF. When administered during pyrogen ';fever, 
l " 

antipYretic cI,;ugs which inbibit cyclooxygenase also inhibit 'the ,rise, in PGE2. in 
, ~ 

the CSF at, the same. time as- they produce antipyresis (Feldberg et al.,_ 197.3; 
, , . 

Dey et al., .i975). On the basis of the fbregoing ev.idence, if has been 

suggested that PGEZ ia an endogenous modulator of fever (Milton, 198Z),~ 

Z.2.1.3. -Inhibition of the Biosynthesis of 
Pros~aglandins by Salicylates 

\ 

1\' 

S~ce the report by' Vane in 1971, it has been abtindantly confirmed that 

aspirin-like drugs inhibit prostaglandin synthetase in n",merous: species (including 

man) and in many biologie preparations, ranging from cell-free microsomal 

preparations of the synthetase itself to whole qrgans or' organisms. 

Furthermore, the concentration of aspirin-like drugs achieved after therap~utic 

dosage Îs adequate to inhibit prostëiglandin biosynthesis, and thts i8 sl,lbstantiate,d 
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,br measurem~nts Ïn bUJDans (Ferreira and Vane, 1974; Samuelsson, 1974; Higgs, 
. 

.. 1974; Moncada and V~e, 1.979a). There ls also a striking correlation between 

the antienzyme activity of the drug and its anti-inflammatory actlvity (Collier 

al\.d Flower, 1971; 'Smith and Willis, 1971; Ham et al., 1972; Tomlinson et al., 

191Z; Hamb'erg, 197Z; Horton et al., 1973; Moncada and Vane, 1979a). The 

eVidenc:e, tberefore, i8 overwhelming that aspirin-like drugs inhibit the 

biosynthesls of prostaglandins in aU animal species 50 far tested and in humans 

and that· t,bis effect. lS achleved witb therapeutic doses. 

Tbere are multiple steps in the conversion of arachidonic acid to 

prostaglandins. The first enzyme - cyclooxygenase - Is inhibited by aspirin-like 

drugs, 50 that the generation of PG endopero"ides (PGGZ and PGHZ) and aU 

of their products are reduced or abolished. The mechanism of 'inhibition of -PG 

synthet~e by aspirin-like drugs il complex and might differ for various drugs. 

Aspirin itself acetylates a sel'in~ the active site of the enzyme (Roth et al., . ~ . 
1975; Roth and Siok, 1978). In contrast to aspir.in, salicylic acid h~s no 

ace~ylà.ting capacity and ls a much weaker inhibitor of cyc100xygetlase in vi~ro, 

1N( can be as active as aspirin in vivo in reducing the synthesis of PGs and in 

, inhibiting carrageenan-induced edema (Hamberg, 19n; Willis et' al., 19.n; Higgs 

et al., 1976; Smith et al.; 1979). Salicylie acid must do so by quite a .. 
different meehanism. Since aspirin is rapidly hydrolyzed t~ salieylic acid in 

vivo, e'vidently the acetylated and non,-aeetylated species act as -.--. , 

pharmacologically distinct entities, and aspirin probably has a. dual mechanism . 
of action (Flower et al., 1980; Smith et al., 1979). 

At concentrations which inhibit cyc1ooxygenase, aspirin-like druga do not· 
\ 

inbi,bit lipoxygenase (Hamberg and Samuelsson, -1974). This may explain why 

aspirin ha~ relatively weak effects on leukocyte migration or potentiates 

lipoxygenase activity in vitro, possibly tbrough a diversion of substrate (Higgs 
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et al., 1979b). However, some nonsteroidal anti-inflammatory drugs" including 

aspirin and sodium salicylate, have been found to inhibit the peroxidase that 

transforms lZ-hydropero~y eicosatetraenoic" acid (lZ-HPETE) to the lZ-hydroxy 

fatty acid (lZ-HETE) (Siegel et al., 1979) and act to scavenge the free 

oxygen-derived radicals (Kuehl et al., 1979). 

! 

ln conclusion, it is clear from the foregoing discussion that arachidonic 

acid metabolites play an important role in various aspects of the inflammatory 

response and that aspirin-like drugs exert most of their effects through the 

inhibition of the cyclooxygenase-dependent metabolism of arachidonic acid • 

However, inflammation is a complex procer and it is likely ,that other direct 
1 

or indirect actions of aspirin-like drugs coptribute to their anti-inflammatory 

activity. 

)' 
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Z.Z.Z. Effects on Lysosomal Membrane\. 
\ 

, Soon after the discovery 'of IYSO~~S, it became clear that lysosomal 

enzymes are important mediators of the inf1~mmatory proeess (Weissmann, 1967, 
1 

197Z; Ignarro, 1974; Baggiolini et al., A979). Soluble extract of purified 
/ 

1 leukocyte lysosomes elicit cutaneous and joint inflammations and degrade the 

protein-mucopolysaccharide matrix of cartilage (Weissmann aqd Thomas, 1964). 

Activities of aeid and neutral hydrolases' are significantly elevated in inflamed 

tissues of animaIs as well as in ,synovia and synovial fluid from patients with 

rheumatoid arthritis (Ignarro and Slywka, 1972.; Ignarro, 1974; WeisslDann, 197Z; 

Baggiolini et al., 1979). Adjuvant polyarthritis in rats is characterized by 

inflammation first at the site of inoculation and then in most of the 

extremities. Assoeiated with this immunologie disease is the development of 

inO'eased liV\er lysosome fragility, ele~ated plasma levels of lysosomal enzymes 

and elevated amounts of aeid hydrolases in the affected extremities' (Ignarro 

and Slywka, 197~; Pj~iero and Colombo, 1969; Collins and Lewis, 1971; 

Anderson, 1971; Walz et al., 1971). The close temporal relationship between 

liver' lysesome fragility and elevated plasma hydrolases in adjuvant polyvtbritis 

suggests. t~at the discharge of lysosomai contents fs a direct consequence of 

enhanced endocytic activity. These lysosomal enzymes tqen cause injury to 

~Iage and' other tissues and increase 'the degree of inflammation. During 

this process PGs are als-o released (Higgs et al., 1975). It has aiso been 

reported recently. that L TB 4 and other cytotaxins cause i~creased release of 

lysosomal enzymes from leukocytes treated with cytochalasin B (Pai~er and 

Yeats, 1981; Rae and Smith, 1981). 

On the buis of reports that Iysosomal enzymes are released durtllg 

acute and chronic inflammation and that this release is inhibited by steroidal 
1 

and nonsteroidal anti-inflammatory agents, it has been proposed that 

anti-inflammatory agents aet by stabllizin~ lysosomal membranes (Weissmann, 
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1~7Z; Ignarro "and Colombo, 19n; Ignarro, 1974}. However, not ail the 
1 
1 .. " 

available data support sucb a conclusio~. 
1 \ 

! 

Salicylates were found to decrease the release of lysosomal enzym~s in 

vitro "from liver ce Ils lsolated from rats (Miller and Smith, 1966; Tanaka and 

Bzuka, 1968; Ignarro, 1971b, 1973) or rabbits (Ignarro, 1971a) a, concentrations 

of 10-4 to lO-3M• Lysosomes from a lUore dense' mitochondrial fraction were 

more susceptible to tbe membrane stabilizmg action of drugs than w~re 
~ j 

" lysosomes isolated fro.m·a less dense mitochondrial fraction (Ignarro, 1911b, 

, , 

1974; Tanaka and Iizuka, 1968). Aspirin was found to inbibit the release of 

lysosomal enzymes from guine Ieukocytes 

(Ignarro and Colombo, 197Z) and man nèutropbils (Ignarro, 1974) in vitro. 

However, severaI reports have produced contradictory results (Gryglewski, 1979). 

Stero~dal and nonsteroidal anti-inflammatory agents including aspirin did not 

produce stabilization of rat, liver lysosomes (Ennis et al., 1968) and did not 

inhibit thermal JabiIization of rat, liver lysosomes (Brown and Schwartz, 1969). 

'Furthermore, salicylates in concentrations of 1 to 10 mM did not inhibit 

the release Dt lysosomal enzymes from lôw density lysosomes of rat liver 

(Harford and Smith, 1970; Robinson and Will cox, 1969). Salicylates were found 

to even enbance thermally-indu.ced release of enzymes from rat Uver lysosomes 
. . ~ ,. 

(Brown and Schwartz, 1969) and labilize lysosomal membranes of circulating rat 

and rabbit leukocytes (Ignarro, 1971a). The contradictory results could partly 

be due to differences in experimental conditions such as drug concentrations 
• , 

(Lewis, 1970), incubation medium (Ignarro, 1973; Harford and Smith", 197{»), 

temperature (Ignarro, 1971 b) and the metbod of isolating lysosomt;s (Ignarro, 

1974) .. 



.:-;r,;-,'" l' '\:~ ,~~ '., t '."'.' ._f,l,,,. 0')') .~~"'V'_·~I> 

There ar~ only a f,w reports on the effects of drugs administered in 

vivo on lysolomal membrane stabillty. Ignarro (197Z) reported that 

pretreatment of rats with steroidal and nonsteroidal antl-fnflammatory agents 

Including aspirin reduced the relative mechanical and osmotic fragility of liver 

lysosomes. Phenylbutazone and 'lndomethacln but not aspirin attenuated the 

swelling and inhibited ,t,~e release of liver and hind paw lysosomal enzymes in 

rats with adjuvant-induced polyarthritis (lgnarro and, Slywka, 197Z). In anothe'. 
,/ 

study .in ra'ts the steroidal (dexamethasone) but not the nonsteroidal 

(phenylbutazone an~ indomethacin) agents inhibited thermally-induced release of' 

lysosomal enzymes alth~ugh aIl of these agents. attenuated the acute 

inflammatory response (Pollock and Brown, 1971). In view of these 

contradictory data, stabUlzation of lysosomal membranes as a mode of 

anti-infiammatory activity of salicylates can not be exc1uded. 
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• 3. OBJECTIVES OF THE PRESENT PROJECT 

Th", main objectives of the pres~t investigation were: 

(1) To find out if the anti-;-innammatory effects of salicylates, 

considered to be model ~onsteroldal antl-Innammat),..y drugs, are :altered by 

protein-calorie malnutrition (PCM). Studies were done on rats as the 

experim~tal model. 

(Z) Because PCM increased the anti-Infiammatory activlty of salicylates, 

the following possibilitie's were explored in an attempt to determlne the 

mechanism of this change. 

il Could protein-calorie malnutrition cause Any alteration in 

pharmacokinetics, metabolism and disposition of the drug? 
d' 

ü) Is this change in the anti-inflammatory activity of salicylates 'caused 

by a modification of their action on lysosomes? 

lii) Since salicylates act by Inhibiting cyclooxygenase, could the 

~lism Qf arachldonic 8:cid be altered by PCM? In order to observe the 

effect of dietary protein ,intake on the cyclooxygenase ·and lipoxygenase . \ 

pathways of arachidonlc acid a-etabolism, neutrophUs, 'which have been found 

to possess both cyclooxygenase and 5-lipoxgenase' actlvity (Borgeat and 
. . 

Samuelsson, 1979b; Siegel et' al.: 1980) were used as the model system. Some 

studies were also done with kidney medulla and spleen. 

---
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4. MATERIALS AND METROnS 

" 
4.1. AnimaIs and Dietary Reglmens 

animaIs did not gain weight whén fed a low protein diet and seriaI blood 

collection of even smali. volumes (0.1 ml) i'esulted in deatb of many animaIs. 

It was also found tbat when animais were fed a 10% protein diet 
~ 

(approxi:mately one-balf of tbe optimum), the effects of protein-deficiency ~ere 

too small ta permit clear eut 'differentiation of changes in ,drug effects. A 

reduction of dietary protein to 0.5% produced weigbt 1088 and a small 

percentage of animaIs 'died after a Z to 4-week period. 

A~I experiments described ln tbis the.sis were therefore done on rats 

which weighed between 100-12.5 g and were ·approxim'ately 5 weeks old at the 

beginning of these studies. These animais were plaeed i~dlvldual1y ln 

wire-bottomed suspended cages in tbe McIntyre Animal Centre c,f MeGiIl 

University. The Animal Centre' had a temperature of ZZoC, and a routine ~f 

lZ h light and lZ h dark. Control animais \Vere fed ad libitum a Zl% protein 

diet. Protein-calorie malnutrition (PCM) was indueed by feeding ad libitum a 

,5% protein diet. A group of rats were fed a restrlcted quantity (10 g/rat/day) 
, 

. 

orThe control Zl% protein diet; these animais were designatec;l as pair-fed. 

contrais because they were fed approximately the same. q~of Jood as ~as ~ 

consumed by rats fed the 5% p,:otein ,diet !l! libitum. . AlI animais had free 

~c'cess to tap water and unless -stated otherwlse, animaIs were maintained on 

the respective diets for à 3-week period. AIse inc1Utled in this study were a 
/ , 

group of rats which first received a 5% protein diet for 3 weeks and then a 
.-
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, ' , 

control diet (protein-repl~ted)~ both ad libitum. \ 

• • 

, The composition of the, control 2.1% ,protein diet was 'as follow5 t(g/kg): 
: 

vitamin-free casein, 2.31; suctose, 519; corn star ch, ISO; corn oil, 50; mineraI " 

mixture (Williams-Briggs), 40; vrtamin ,mixture (teklad), \0. The· 5% 'protein 
" 

diet contained 55 g/kg vitam.in-free caseln and 695 g/kg sucros~; aU other 
. 

constituents were identical to those in the contr.ol diet' (2.1% protein). Both 

diets were isocaloric in éomposition and were purchased in a pel1!!t form from 

Teklad 'Tést Diets, Madison, Wise. 

4.2.. Anti-infiammatory Effeets 

The. anti-inflammatory effect of ~ugs was de~ermined by mea~uring the 

inhibition of carrageenan-induc~d paw edema (Winter ei al., 1962) and· 
'" Ij 

carrageena'n-induced pleurisy (Vinegar et, al., 1973; Katori' ~t al., '1980). _ These 

experiments were always started at the sa~e ti~e of thé day <WOO ta 10~OO 

a. m.)t to minimize any eff,.ects of diurnal v-ariations. 

~ 
4.2.1. Suppressi,on of Paw Edema 

. ' 
Following the infrapEititoneal administration of the test drug or the 

< • 

vehicle, 0,.1 ml of a' 1 % . lw/v) . suspension of carrageenan (made up in 
• J_ 

pyrogen"free water) was lnjected into the subplantar area of one paw; paw . . ~ . , 

volumes were measur~ bèfore the administrat.ion of th~ drug and 3 h following 

the injection of carrageenan by immel'slng the paw up to the level of lateral 

maleus in a mercury column connected to a Statham pressure transducer. The 
.. ~. e-

~es in the volume w~re recorded as pressure changes on a Gras~ 'polygraphe 

In preliminary experiments it was- found that the maxiJDum' eff~c~ of 

carrageenan was manifested at 3 h and there was little variation. in the 

volumes ,of the two paws of the -same animal. , .' 
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The inhibition of edema by the c:lJ:ug wu' calculated acç,.orJÜng to the 

, formwa [ ( l:J. CJN-ATPV)/ ~.cPV] x 100, whe1'le\l\. CPV was "the mean change in tbe 
, , 

paw volu~e of vehicle-treated rats and Il TPV was the change in the paw 

volume of drug-treated individual rats (Winter" et al., 196Z). 

'{I;) 
ft 

4.Z.Z. Suppression of Pleurisy 

Thirty minutes following the oral administrati9D of aspirin or tbe - , 
- -

velûde, O.Z ml of a 10/1» (w/v) 'suspension of ~arrag~enan in pyrogen-free water 

. was h~jected into the right pleural cavity, of rats under ether anesthesià • 

Pleural fluid was harvested from exsanguinated rats 4 h following the injectioD 
, 

of carrageenan. Preliminary experiments sh~wed ibe volume of pleural exudate 

J:'eached a plateau 3 to 5 b after. the injection of carrageenan. 

In arder ta collect the pleural exudate a longitudinal incision wu'-made 

on )each side of the mediastinum undër ether anesthesla. 
~-- ' 

The fluid wu 
, " 

aspirated from the right and left thoracic; cavitles using a tubercurm s)'l'inge 
" 

attached to a 16-gauge ~n,tuba~ion n~edle. The-exudate was transferred ta a 

t 5 ml conical ce~trifuge' tube and the' t.otal volume measurec!. .. 
The inhibition of pléurisy • .caused by a drug 'wu calculated aeeo~g 

the the formula [(CPV-TPV)/CPVJ x 100 where CPV Vltas tbe me~ YOI~iDe of 

the pleural exudate from veliiCle-treated rats 'and, TPV wu _the YOluDfe of the , 

pleural exudate from drug-tested individual rats. Ten control or 

protein-d"ewcient rats wel'e used at each dose level. 

" . 
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4.3 •. Pharmacokinet'c Studies 

4.3.1. Plasma half-IUe (t~), apparent volume of 
distribution (V cr' and Plasma Clearanc,e (Clp) 

Sodium salicylate was slowly admini!lotered into the taU vein at 2-, 10-, 

100- and ZOO- mg/kg dose levels (volume of the injection was 2 ml/kg). Blood 

sa.mples (100-200 )JI) were coUected from the taU artery -(Varma, 1979) under 
1J~" j' 

ether anesthesia at 1, 2, 4, 6, 9, 12 and 24 h. Occasionally it was not possible 

to collect blood from the taU artery in which case it was collected by mearts 
) 

of cardiac punctures. 

For the c:alculations of kinetic parameters, plasma concentrations of 

salicylate (in salicylic acid equivalents) from individual rats were converted into , 
natural log units and plotted against time according to the method of least 

squares; 'the correlation coefficients of these plots were greater than 0.95. 

The slope of the regression Une yielded the elimination rate constant which 

equalled O.693/t~. Preliminary studies showed that the distribution phase lasted 

for less than 30 minutes. It was found that from 1 to 24 h plasma salicylate 

dec1ined monoexponentially according to a one-compartment open model. The 

Z4 h sample yielded tao Iowa value of salicylic acid at 2 and 10 mgfkg dose 

levels of salicylate and hence
Q 

WélB not used for the computation of the 

pharmacokinetic parameters. However, the 24 h value was used in the case 

of the high dose of sodium salicylate (100 mg/kg). The apparent volume of 

distribution (V d) w~ calculated br dividing the total dose administered by Co' 
'.' 

where Co was the concentration of salicyUc acld at, time-zero and wu obtained 

by extrapolating the regression line to Clzero time. Clearance (Cl) was , p 
D 

calculated by. multiplying the V d by the elimination rate constant (Greenblatt 

and Koch-Weser, 1975a,b). Five to eight control and protein-dencient rats' were 

used at each dose leve! of sodium salicylate. 
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4.3.2. Bi oavailabili t y 

In ~rder to determlne the relative bioavailab~li~y, 10 mg/kg sodium 

salicylate wu adDlinist~~d orally. ànd intravenously tb separate groups of 

con tro1 'and protein-deficient rats. ' A crossover study was not attempted 

because it would have introduced variability as rar as the duration on the 
, 

specifie diet, and body weights were concemed. Blood samples were coUected , 
as stated above. The value~})f plasma salicylat~ at 24 h were below the level 

of detection at ~he 10 mg/kg dose lèVel; hence the area under th~ plasma 

salicylate concentration curve (AUC) was computed by the b'apezoidal method 

on the basis of values from 0 to 12 h. The bioavallability was calculated by 

d,i viding the AUe following the oral dose in each animal by the mean AUe 

following the intravenous dose in the group., Five to eight control or 

protein-deficient rats were used for each group. 
" • 1 

',' 

4.3.3. TIssue Distribution ' 

One or 3 h alter an Iv inj1!ction of salicylate, ~im.als we.l'e decapit~ted 
, 1 

and exsanguinated. Blood samples we~e collected; liver, kidneys, stomach,' jlJld 

brairt were quickly excised., washed, with ice-cold saline, blotted and weighed. 

Tiss1,1es were homogenized in 4 volumes of saline by means of, a motor driven 
, , 

Pot ter-Elvehjem homogemzer. 
1 

,Salicylates were extracted and ~sayed as 

describ'ed later. 
--( 

4.3.4. Kinetics of the Urinary Excretion 

, In order to determine the rate of' the urinary excretion of sa1icylic acld 
, , 

éUld its metabolites, salicylate was injected intravenously and rats WElre placed 
,..,' • 1 1 

~vidually in metabolic cages; 0-3, 3-6, 6-1.2 and t'Z-Z4 h urine samplés were 

collected for the extr~ction and assay of lIalicylic acld and met~bolites. 
-Q' \ t' 

Aliq'uots of=-each '\l1'~ne sample were incubated witb B-ghlcuronidase (500 units/lIll 

of ~) at 370 C and pH 5 for 15 h; the increase ln the urinu:y salicyli<: acld , ' 
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after incubation was treated to represent the concentration of sali cyl 

glucuronldes. Each group contained 6 animals. 

The elimination rate constant (Kel) and elimination half-life of salicylic 

acid were derived from the slope of the plots of the logarithm of the rate of. 

excretion of salicylic acid against time (midpoint· of urine collection intervals) 

(Cummings et al., 1967). Because the drug was absorbed instantaneously 

followmg an iv injection, the entire plot was linear, and similar to the terminal 

portion of the curve following oral administration ol drugs. The rate constant 

of the urinary excretion {Ket of salicylic acid and the rate constant of 

metabolite ,formation (Kmf) were calculated according to equations 

Kex = Kel Du ... IDo 

and 

Kmf = Kel Muoo ID 0 

where Du"" and MuCIO were, respectively, the amount of unchanged drug and 

metabolite excreted at infini te time (in the present studies, Z~ h by 

extrapolation), and D was the amount of drug administered. K values for 
'0 ex 

metabolites were derived by the "rate!! amount" method of Martin (1967) from 

. \ 
the plot of b.MufA~ (in mol/h) against the metabolite in the body (MB); MB was 

derived frouf the equation (Martin, 1967): 

MB = rDu - Mu' 

where r was calculated from the experimental data according to the equation 

(Martin, 1967): 

r = M ID u"" ua> 

kex and Km f of salicyluric acid in control rats could not be calculated because 

the plot of the rate of excretion of salicyluric acid against Ume in the case 

of these animaIs was not linear. 
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4.3.5. Serum Protein-Salicylate Binding 

The amount of salic;:ylate bound to serum proteins was determined by 

the ultrafiltration procedure (Farese et al, 1970) by means of Am~con 
\ 

Centriflow membrane, cones (CF50A). In order to estimate the binding of 

salicylate tei serum pro teins under ~ vivo condition, 3 ml blood was collected 

1nto nonheparinized syringes by means of cardiàc punctures 1 h foJlowing 3 

different intravenous doses of saUcylate. Blood WB allowed to clot and 'serum 
•• 

was separated br centrifuging the sample at 2,000 rpm. For in vitro 

protein-salicylate binding studies, sodium salicylate was added to Z ml aliquots 
, 

of serum to gi'Ve final concentrations of 0.18, 0.36 and 0.72 mM. The mixture 

was allowed to equilibrate for 1 h a~ 370 C. Aliquots of serum were 

transferred to the cone and centrifuged ai Z400 rpm for 15 min' in a Sorvall 
c. , , ' 

centrifuge (RC Z-B) at room te~perature. In prelfminary experiments it ~as 

found that the total amount of salicylate which was retained by the cones was~ 

negligible and the concentration of proteins in the ultrafiltrate was less than , ' 

, " 

0.06 mg/ml. ,The bound fraction was assumed to be the ditference between . 

the total serum concentration of. salicylate and its conc~lÛradpn in th~,', 
____ -------- ï"" 

uitrafil trate. The percentage bincling (B)vof----saliêylcii~- to serum pr(!)tei~s was • 
" --------- ~~-

calculated according to the-fo11Ôwing formula: 

C - C 
B = T Fx 100% 

CT 
where CT = total drug concentration in the sèrum; CF =' drug ,concentration ln 

,the ultrafiltrate. 

4.3.6. Mitochondrial Metabolism of Salicylate 

Crude mitochondrial preparations of ~idney and liver were made as 

described br Forman et al. (1971). Followlng 'decapitation of tbe animaIs, 

kidneys and liver were quickly remo'Ved and placed on chilled petri di~hes. 

Subsequent operations ,were performed at 'o-40 C. One gram of tissue was 

homogenized with 4 ml Of ice-cold 0.13 M KCl in a Potter-Elvehjem 
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Tefimyglass homogenizer (1000 rpm, 10 up-down strokes). The cell wall debris 

and nuclei were removed by centrifugation at 500 x g for 10 min. The 

supernatant was centrifuged for 30 min at 28,000 x g. The pellet was 

suspended in 0.6Z ml of 0.13 M KCl/4 mM 2-mercaptoethanol /1 mM EDTA 

adjusted to pH 7.8 with NH
4
0H, and frozen at -300 e overnight. The 

,. 
prepa;ation was tha~ed the following morning and 0.07 ml of glycerol was 

added to achieve a final concentra~ion of 10% (v/v); the suspension was . 
centrifuged at 75000 x g for 60 min at 4°C in a Beckman centrifuge (LZ-65B). 

The supernatant was decanted. into glass tubes' to which were added 100 J.l mol 

of Tris-HCI buffe~ (pH 8), 5u mol of disodium ATP, 5 J.lmol of MgCIZ' 0.5 li mol 

of CoA, 0.5 pmol of sodium salicylate, and 100 11 mol of neutralized glycine. 

The mixture (1 ml) was incubated at 380 e for 10 min; the reaction was 

terminated with 0.1 ml of 4 ~ ,HC104• Following centrifugation, aliquots of 

the sùpernatant fluid (O.Z ml) were assayed for salicylic acid and salicyluric 

acid. One gram of tissue yielded 6-8 mg of mitochondrial proteins. 

4.3.7. Extraction and Assay of Salicylates 

Salicylic acid and Metabolites from plasma, urine (diluted 1:5) or tissue 

homogenates, generally 50-100 \lI, were extracted in benzene/ethyl acetate (1:1, 
, 

v/v) after acidification of the samples with one dr~~ 85% H
3
P0

4 
(Peng et 

al, 1978). The solvent was evaporated at 4°C under a stream of N
Z 

and the 

residue was dissolved in the mobile phase (30% acetonitrile in 0.05% H
3

P0
4

, 

v/v). SaJicylic acid and metabolites were assayed by HPLC (Alfex) as described 

by Peng et al. (1978). The chromatographie conditions were as 'ollows: 3.9 x 
<1 

10o-mm reverse-phase column ( )JBondapak-C18, Waters Associates, Milford, 

Mass.); a mobile phaS: of 30% acetonitrile in 0.05% H
3
P0

4 
(pl{ Z.S) at a fiow 

rate of 1 ml/min at room temperature. The absorbance was measured at 237, 

nm in a Hitachi Model 100-40 spectrophotometer which was interfaced with an 

integrator-plotter (Hewlett-I'ackard Model 3380A). The quantities of salicylic 
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aeid and Us metabolites, were determined by comparing their peak areas with 

tbat of the InternaI standard (phthalic acid). However', blank uri~e gave a peak 

at approximately the aame retention time as .the internai standard (Figure 8); 

henee the quantitation of urinary salicylates was made on the basls of standard 

curves for authentic compounds. The separation of different metabolites was 

satis~actory and there existed a linear relationship (r;;:O.99) between the 

concentration of salicylic aeid, gê~tisic aeid and salicyluric aeid (6-50 ~ g/ml) 

and their peak areas (Figure 9). The retention times of different substances 

were as follows: phthalic aeid, 4.Z min; gentisic aeid, -4.8 min; salicyluric aeid, 

~.6 min; salicylic aeid, 9.Z min. 

4.4. Lysosome Stability Studies 

4.4.1. Measurement of Lysosome Stability' , 

Stabilization or labilizatlon of liver lysosomes was determlned by a 

modification of the methods of Deter and de Dure (1967) and Jgnarro (l97Z). 

AnimaIs were decapitated and exsanguinated 3 h after the intraperitoneal 

injection of the drug or the vehicle. The large lobe of Uver was excised 

quickly, rinsed and minced in ~ce-cold O.ZS M sucrose~0.05 M Tris aeetate' (pH 

7.4). Two portions of the liver each weighing 0.7 g were processed. Oné 

portion was homogenized in 6.3 ml of ice-cold 0.07 M sucrose-O.OS M Tris 

acetate (pH 7.4) in a Potter-Elvebjem glass homogenlzer in an ice-bath. The 

homogenization was done by executing exactly 30 up-dOWD strokes with a -Teflon 

pestle. driven at 600 rpm by a motor. The second portion of the liver wu 
, 

homogenized in 6.3 ml of 0.1% (v/v) Tritonfi X-I0o-0.05 M Tris acetate (pH 7.4) 

&.,.,,~~ 

,.< 

39 

by exeèuting exactly 60 up-down strokes with the pestle driven at ~OOO rpm. ,\ 

In pi'eIiminary experiments, a manually operated Dounce homogenizer as 

recommended by Jgnarro (1912) was used, but was found too Ume consuming. 

A motor driven Potter-Elvehjem homogenizer was tried at different speeds and 

uP-d.own strokes; 30 up-down strokes at 600 rpm and 60 up-down strokes at 

ZOOO rpm were found satisfactory for the determination 'of the free 'and total 
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, enzyme activity, respectively, (see results) and .yielded res\llts comparable to 

those reported by Ignano (1972). The hoDiogenates were kept at o-40 C for t­

h and then centl'ifuged at Z7,OOO x g for ZO min at 40 C. The enzyme activity 

in the supernatant derived from. the homogenate in hypotonie sucrose buffer 
• 

represented free enzyme activity and that derived from the homogenate in 

Triton X-too represented the total enzyme activity. In most experiments, 

lysosomal membrane stability' was determined by measuring total and free 

S-glucuronidase activity, a, marker enzyme frequently used for tbls purpose 
~ 

(rgnarro, 1971a,b; Platt and Gross-Fengels, 197~; Symons et al, 1969; Welman, • 

1979). Some studies were also d?ne with arylsulfatase as the marker enzyme 

along with B -glueuronidase activity. The influence of dietary protein deficieney 

on total aeid phosphatase activity was also measured; however, no attempt was 

made to use this as a marke~ en~yme to ascertain lysosomal mem~ane 

integrity sinee different marker 'enzymes are reported ta yield comparable 

values (Ignarro, 1971a,b, 1972). 

The effect of drugs on lysosomal membrane stability was determined 

by measuring a-glucuronidase as the Marker enzyme. Results were expressed 

as changes in the ratios of, free to total enzyme activity as weIl as according 

to the following formula: 

where R was the mean of the ratios of free ta total a-glucuronidase activity c 

of all the vehiele-treated animais and Rt was the ratio of the. free ta total 

enzyme activity of drug-treated individual animaIs, sa aiat tbe greater the Re 

/ the greater was the membrane fragility and the sm aller the Rt the greater 

was the lysosome membrane stabilizing effect of the drug. 
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4.4. ~ 'Enzyme Assays 
: 

The activity of S-slucur?nldase (Ee 3~Z.Z.31, 

'B-D-glucuronide-glucuronohydrolase) wu assayed by meaauring the formation of 
:.~ 

phenolphthalein from phenolphthalein glucuronide as desC1'ibed by Ignarro (1971b). 

To glass test tubes -containing 1 ml of O.3M citrate buffer (pH 4.8) wer~-.!!.dded' 

1 ml of freshly prepared substrate (1.5 mg of pheno1phthalein gluCUl'onide), 0.9 

ml of distilled water and 0.1 ml of- Z7,000' x g supernatant; after incubation, 

for Z5 min at 370 c, the reaetion was stopped b}r the addition of 0.5 ml of Z.~ 

M glycine-10 N sodium hydroxide lpH lZ). Phenolphthalein was measured on ~ 

~ 5 . Beckman Acta m spectrophotometer at 40 nm; the enzyme activity' of the 

sample was expressed as units where 1 U w~ defined as the activity of the 

standard enzyme releasing 3.14 nmol (1).J g) of, phenolphthalein glucuronide p~r 

hour at 370 C and pH 5. 

The aeUvity of arylsulfatase (EC 3.1.6.1, arylsulfate sulphohydrolase) 

was assayed as described by Roy ·(1960) using dipotassium 
1 

Z-hydroxy-5-nitrophenyl sulfate as the substrate. The Z7,000 x g supematant 

.(0.1 ml) and O.Z ml of distilled water were added to 0.6 ml of O.IZ5 M acetate 

buffer (pH 5) containing 0.93 mg of the substrate. The mixture was incubat~d 

at 370 C for 1 h, at which time 3 ml of 0.1 M trichloroacetic aeid w~ added 

to precipitate the pro teins. kfter centrifugation, 1.5 ml of the supern'ltant 
. 

was pipetted into Z.5 ml of Z.5 N NaOH and the absorbance of the resulting 

solution was measured at 515 nm on a Beckman Acta m spectrophotometer. 

The enzymE7 activity of the sample was expressed as unite where 1 U was 

defined as the activity of the standard enzyme releasing 1 II mol of 

p"'11itrocatechol from the substrate per hour ~t' 37°C and pH 5. 

<fi 

Acid phosph'at~se (Ee 3.1.3.~, orthophosphoric monoester 
\ 

phosphohydro1ase) was assayed by a modification of the method of Ignarro 
\ 
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(t971b). Th 1 ml of 0.3 M citrate buffer (pH 4.8) was added 0.1 ml of 27,000 

x g super~atant and 0.9 ml of distilled water. After incubation of this mixture 

for 10 min, 1 ml of freshly prepared substrate (7.5 mg of sodium 

p-mtrophenylphosphate) was added and the incubation continued for anotber 10 
. 

min. The' reaction wu atopped by the addition of o.a ml of 4 N '~sodium 

hydroxide and the formation of p-nitrophenol wu measured at 405 nm on a 

Beckman Acta m spectrophotometer. The enzymatic activity of the sample 

was expressed in terms of units; 1 U was defined as the activity of the 

.~tandard enzyme releasing 1 lImol of p-nitrophenol per miR at 370 C and pH 

4.8. 

. , 
4.4.3. Measurement of Plasma Concentratiops of 

Oxyphenbutazone and Dexamethasone 

Oxyphenbutazone was extracted in cyclohex~e-ether (1:1) from' 0.1 ml 

of plasma. Following the evaporation of cyclohexane-ether, the residue was 

redissolved in the solvent (O.OOZ% acetic acid and 23% tetrahydrofuran in 

n-hexane) which was used as the mobile phase for subsequent analysis by 
.' 

high-pressure liquid chromatography (Altex) as described by Pound and Sens 

(1975). The· internaI stan.dard was the Z,4 dinitrophenylhydrazone of 

3,4-dimethoxybenzaldehyde. 
, . , 

Dexamethasone. was measured by radioimmunoassay. Highly sp~cific 

. 
anUsera against dexamethasone-3- carboxymethyloxime- bovine serum albumin 

(BSA) conjugate, which did 'not appreciably cross react ( 1%) with endogeno~ 

steroids or known dexamethasone metabolites was provided by Dr. S. Solomon, 

Endocrine Laboratory, Royal Victoria Hospital, McGill University, 

Radioimmunoassay was done by a modification of the procedure described by 

Hichens and Hogan (1974). Phosphate buffer containing 0.1% BSA (pH 7.4) was 

used to dissolve dexamethasone standards and tissue extracta as weil as dilute 
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plasma samples (500- to 1,006-fold). To each assay tube was added 100 III ·of 

standard solution, diluted plasma sample or tissue extracts, 100 ).J 1 of 3H 

dexamethas'one tracer (approximately 10,000 cpm) in phosphate buffer and 100 

}.Il of an tisera (1:2,500 dilution). The. assay tubes were incubated for Z br at 

4°C. In order to separate the bound and free- steroids, dextran-coated charcoal 

0.7 ml of a I.Z5% (w/v) suspension was added and after a lo-min incubation 

the tubes were recentrifuged for 15 min at 4°C and Z,SOO rpm. The 

supematant was decanted into vials containing 10 ml of Sclntiverse (Fisher) and . 
counted in an Intertechnique scintillation, counter. The standard C!oU've' was 

plotted on a Hewlett-Packard 9831A desktop computer according to a weighted 

Rodbard model program. 

4.5 Metabolism of Arachidonic Acid 

4.5.1. Preparation of Suspensions ef Rat PJeural Neutrophils 

Carrageenan (Z mg in O.Z ml of pyrogen-free water) was injected mto 

the right pleural cavity of control and protein-defident rats under ether . ' 

anesthesia. After 4 haurs the rats were decapit~ted and the pleural fluid was 

harvested as described above. Neutrophils were isolated from the pleura~ 

exudates by -centrifugation at ZOO x g for 10 min at '"oC. The pellet was 
• 

resœpended in 17 mM Tris-HCI buffer, pH 7.Z, containing 0.75% NH4Cl to lyse 

contaminating erythrocytes (B~le, 1968), followed by centrifugation at 200' x 

g for' 5 min. The neutrophils were washed once with Dulbecco's 

phosphate-buffered saline, pH 7.4, and resuspen~ed in the same bu'ffer at a. 

concentrat~on of 30 x 106 ce lis/ml. . Obs:x.vations on srnears (Giemsa stain) 

showed that neutrophils accounted for more than 95% of the total leukocyte 

content' of the purified preparation. The=c.PR.taminants were monocytes (2-3%) , 

, and lymphocytes (1-2%). Eosinopp,ils and basophils were ,less than 1%. Neither 

red cells nor ,platelets were detected. The viability of the ceUs' as determined 

"by trypan blue exclusion (Boyse .et al., 1964) \vas greater than 98% • 

• 
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4.5.Z. Incubation and Extraction Procedures 

N eu trophils (3 x 107 cells in 1 ml) were incubated wi th AZ3187 (final 

concentration, 20 ·)lM), (1_14CJ arachidonic acid (200,000 cpm) and, in sorne 

cases, unlabelled arachidonic acid for 5 min at 370 C. After termination of the 

incubations with Z volumes of ethanol, PGBZ 500 ng ~d, in some cases 

Z Z 2 [3.3.4.4- H] PGEZ' [3,3,4,4- HJ PGFZa and [5,6,8,9,11,IZ,14,15- H J TXBZ 

(ZOO 'ng) were added as internat standards. Water was added to give a final 

concentration of~. 5% ethanol and the mixtures were cent~ifuged for 10 min 

at 5,000 x g. The supernatant was acidified to pH 3 with IN HCI and passed 

through a cartridge of octadecylsilylsilica (SEP-PAK, ClS cartridge, Waters 

Associates, Milford, MA). The cartridge was eluted successively with 5% 

aqu,eous ethanol (ZO ml), water (ZO ml), petroleum ether (ZO ml) and methyl 

formate (10 ml) (Powell, 1982) •. The methyl formate fraction was evaporated ... 
to dryness ~ a stream of nitrogen and the residue was dissolved in 

methanol (40 )l1).J 

4.5.3. Separation of Prostaglandins (PGs) and Leukotrienes (LTs) 
, 

Samples were analyzed by reversed~hase HPLC on a CIS )l~ond:apak 

column (0.39 x 30 cm, Waters Ass9ciates) using a linear gradient over 70 min 
• .;). • '. t 

between water/methanol/acetic acid (40:60:0.01, v/v) and water/methanol/acetic 

acid (20:80:0.01, v/v). The flow rate \Vas 1.5 ml/min. . A variable wavelength 

ultraviolet detectoJ.: was used to monitor absorbance sIue to L TB 4 at Z80 nm 

and 5-hydroxy-6,8, Il, 14-eicosatetraenoic acid (S-HETE) and 

1 Z-hydroxy-5,8, 10-heptadecatrienoic. acid (HHT) at Z3Z nm. A Berthold 

radioactivity monitor was used to detect the fractions containing TXBZ' PGEZ 

and PGFZawhich \Vere not separated under the se conditions (Figure 20). The 

fraction containing prostaglandins and TXBZ was concentrated to'!' dryness and 
. . " 

rechromatographed on a column (0.46 x 30 cm) of 5 )l m silica (Partisil) . 

purchased from Alltech Associates, using a linear' gradient of 20%.0>80% 

\ 
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toluene/ethyl acetate/acetonitrile/ titethanol" acetic acid (30:40:30:Z:0.5, v/v)' in 
• ...' i· . 

hexane/ toluene/acetic acid (50:50:0:5, v/v) over a Period of~ 60 min. .The flow 

4.5.4. Biosynthesis of ~ostagla1tdins by Rat Kidney Medulla 

Rat kidney.medunae were homogenized in 0.05 M Tris-HCI, pH 7.5 (9 
~ ~ 

volumes/g tissue) using a Potter-Elvehjem homogenizer. The homogenates (1 

mU. were incubated for 10 nfin at 37~oC with [1_14C- ] arachidonic acid (O.Z J.lCi~ 

37 nmol). Incubations were terminated by ~he addition of ethailol (2 volumes) 

and [3,3,4,4-21:1] prostaglandin El. (ZOO ng) and [3,3,4,4-ZHl prostaglandin FZ a '4' 

, 
(ZOO ng) were added. The mixtures. were ~xtracted using oetadecylsilyl silica 

as described above and prostaglandins El and Fzn were puri~ied by thin-layer 

chromatography on silicie acid with diethyl ether: methanol:a~tic acid (100:6:1) 

as the mobile phase. 

(' 

4.5.5. Biosynthesis of Cyclooxygenase and lipoxy­
genase-derived Products by Rat Spleen 

< .. 
Rat spleen was homogenized in 0.05 M Tris-HCl, containing O.OZM 

EDTA-ZNa, pH 7.5 Cl g of tissue + 9 volume of buffer) in a Potter-Elvehjeui .'( . 

homogenizer. The homog~nates (t ml) were incubat~d with [ 1_14C ] arachidonic 

acid (O.Z llCi) and in some' cases unlabelled arachidonic: acid for 10 min at 

37oC. Incubations were terminated by the ad4ition of ethanol (2 volumes) and 

53' 
a small amount (4 x 10 cpm) of [9fL Hl PGFza. (~ order to monitol' recovery) 

was added. /l'he mixtures were extracted using.octadecylsilyl silica ~ described 

above and the pro<l,ucts separated by HP~C on ,a silica coluqsD with 4% 
~ 

Benzene/ethyl acetate/aceto~itrUe/methanol/acetiç acid '(30:40:30:210.5, v/v) for 

the first 10 min, followed by a linear gradient' over ,0 min ~etween 4% and 

100% benzene/ethyl ace.tat~/ace~onitrilel m'ethanol/ ac~tic·· acid (30:40:30s Z: 0.5, 

v/Y) in hexane/be")"ne/acetie acld (50:50:0.5, o/v). (A Berthold radloaetMty' 
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detector was used and. the fractions were collected and the radioaçfivity 

determinea in '.~ packard liquid sclntillat~on counter (Tri-earb ~odel)o 

• q 

4oS:~o Quantitation of ProstagIandins and Leukotrienes 

L TB 4' 5-HETE and HHT were qUJilDtitated on tbe .basis of ultraviolet 

absorbance by comparing the areas of their peaks with that of the internai 
~ 

,standard, PGBio, The extinction eoefficients used for PGBZ' LTB4 and 5-HETE . , 
<! 

were Z6,800, 39,500 and 30,500t respectively (Borgeat and Samuelsson, 1979a). 

TXBZ' PGEZ' PGFZa and 6-o~oPGFla were quantitated by gas 

chromatography-mass speètrometry, using select~d ion monitoring on a ~K&-'9000 
, 

instrument (Green et al., 1978). Prior to analysis, TXBZ and PGFza were 

converted to their methyl estel: (diazo.methane, room temperature, 15 min), 

trimethylsilyl ether', (N-met~yl-N-trimethyl- slIyltrifluoroacetamide, roo~ 
: .) 

temperatur.e, 30 min) ,derivatlves. PGEZ and 6-oxoPGF la were converted to 
( 

their methyl ester, trimethyIsilyl et~r, o-methyloxime (methoxylamine . . 
hydrochloride (1 mg) in pyridine (0.1 ml), room temperature, 16 h).' derivatives. 

The ions monitored were m/z ZS6 and Z60 (TXBt and its octadeuterated 

analog); 508 and 512 (PGEZ" apd its tetradeuterat~d analog); 423 and ,4Z7 fi'­

(PGF Z a and its tetradeuterated analog) and 598 and ,60Z (6-0xoPGF 1 a and its 
~. 

tetradeuterated analog) (Figure Z3). 

4.6. Other Biochemical Deterxginations 

Total plasma proteins, album in, globulins, mitochondrial pro teins as weil 

as some tissue proteins were determined by the method of Lowry et al. (1951) 

. " 
~ modified by Miller (l95~). Plasm~ glObUlt~1f were separated by precipitation 

with HCI-ethanol,. and albumin w,as sepéUlatèd precipitation with O.ZM sodium 
. , r .. _ , -

acet~te (Fernandez et al., 1966). Bovine serum albumln was used as a standard, , 

for the assay of total pro teins and album in; bovine serum y-globulins were used 

as standard for the as~ay of globulina: DNA content was measured by the 
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Chemlcal/drug 

AZ3187 ". 
(La Jolla, CA.) 

Acetoni trile 
(Montre",l, Que.) 

.. 
Acetylsalicy lie 
acid (Aspirin) 

Acid phoaphatase 
(0.68 U/mg,-type U) 

Adenosme 5-triphosphate 
disodium salt , 

.Arachidonic acid 

[l_14C] Arachidonic acid 
(55 Ci/mol) 

Arylsulfatase (45U/mg, 
tyPe\vn) _ 

Benzenè 

Bovine serum albumin 

Bovine seru~ y-globulins 

Coenzyme ~ sodium salt 

À -Carrageenan 

Dexamethasone phosphate 

[ 6, 7-3H] Dexamethasone 
(40.1 Ci/mmol)' 

Ethyl acétate 

Gentisic acid 
. (ZJ5-dihydro"Yb~nzoi~ acid) 

S-Glueuronidase (GlucUrase, 
5000 U /iDI, bovine liver) 

Indomethacin 

Methyl formate 

. p-nltrocatec:hol sulfate 

. dipot,assium salt 

1 

4.7. 'Chemicals and Drugs 

Source 

Calbiochem-Behring Corp. 

Fisher Selentific Co. 

Sigma Chemical Co. 
(St. Louis, MO.) 

Sigma Chemical Co. 

Sigma Chemical Co.' 

Nu Chek ~ep Inc. (Elysian, MN.) 

New ~glan~ Nuclear (Boston, MA.) 

Sig~ Chemical Co. 

,Fisher, (Montre~, Que.) 

Sigma Chemical Co. 
. . 

Sigma Chemical Co. 

strma Chemi~al Co. , 

Sigma Chemical Co. 

Merck Frosst Lab. (Montreal, QUe.) 

New England Nuclear (Boston, MA.) 

Fisher (Montreal, Que.) 

East-mân ChemicaliJ (Rochester, NY.) 
ç-:P~ 

_ Sigma Chemical Co .• 

Sigma Chemical Co. 
) 

Fisher Scientific (Montr$lal, Que.) 
\ 

Sigma Chemical Co. -
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p-nitrophenyl phosphate 
ditrtS salt, 

Oxyphenbutazone 

Phenolphthalein mono-S­
glucuronic acid sodium salt 

Phthalic acid 

Prostaglandin EZ (PGEZ) 

Z' [3,3,4,4- H ]PGE 2 

Pr~staslandin F Z a 

Z [3,3,4,4- H )P~F 20 

SalicyUe acid 

Salioyluric acid 
(o-hych-oxyhippuric acid) 

Sodium salicyJate 

Sigma Chemlcal Co. 

Ciba-Geigy Corp. (Summit, NJ.) 

/ 

SigtDa Chemical Co. 

BDH (Montreal, Que.) 

Upjohn Co. (Kalamazoo, MI.), 

Upjohn Co. 

Upjohn Co. 

Upjohn ço. 

BDH (Montreal, Que.) 

Sigma Chemical Co. 

BDH (Montreal, Que.) 

, / 

PGBZ wu prepéU'ed by treat.nent of PGEZ with O.OSN NaOH for 30 

min. '[9 B _3 M] -PGFZa was synthesized from P~EZ wlth sodium [3a J 
• z ", 

borohydride. [ 5,6,8,9,11,lZ,14,lS- H]- TXB~ wu prepared btosynt~etically from 
. ..' " , Z' ' 

[S,6,8,9,1l,lZ,14,lS: H ]-arachidonic aeid as 'described'by. J;lamberg and ' 

SamuelssOn et Brl. (1974) • 

.1 Only. high ,purÜy grad!! chemicals ~ere' ~~' for thê chromatography. 

Unlabeled arachidonic acid and i t_14C J arachidotJlc acid were, ,pur~fied by 
4 , , 

normal phase HPLC jtist prior .to use.' Drugs 'were fJ;'esiily prepar~d. sO~ium 

salicylate was dissolved i,n distilled water; acetyl$alicyHc ~cid' (aspir:ln), 

oxypbenbutazone and indomethaci~ were dissolved in a ,minimum volume of O. ~ 

N', N~OH and diluted to the desh'ed concent~ation with phosphaté buffer ·(pH .. 
" 

7.4). 
:~ 1 • . , ' . ~ . . 
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for the oral administration of drugs, anJmals were starved ov~rnight 

and tor ~ h after the administration of the èlrug; water' was.beely available., 
9 

4.8. Statistics 
l " ' ' 1 

Stati~tidatr signifiéance' betweer! two samp'e means was determined by 
.. 

'Student's t-test for unpaired data. For comparing more than two sa~ts1e means 
, ~ 

one-way analysis of, variance followed 'by a multiple comparison according to '. , ~, 
Dtmcan's multiple range test extended by Kramèr (Milton and 'Tsokos, 1983) was 

, \ 

done. ' A Pl'0bability .of less than 0.05 was assumed to denote a significant 
1 

, 
difference. Unlèss stated otherwise, data are pre~ented as mean+SE 
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5. RESULTS 
\ 

5.1. General Effects of Protein Deficiency 

The most obvious and consistent effect of protein-calorie malnutrition 

(PCM) was a decrease in body weight gain (Table 1). The average daily food 

consumption of control animais was significantly greater than that of 

protein~eficient animais. However, the food consumption per day per kilogram 
> 

body weight did not differ in the two groups of rats. A dietary protein 

deficiency led to a significant decrease in total plasma protein, albumin and 

globulins, hepatic totaI and microsomal proteins; however, hepatic DNA, blood 

" leukocytes and urinary pH did not change. On the other hand, a restricted 

supply of ~he control diet (pair-fed controls, lOg/day/rat) caused a decrease in 

~nly body' weight "gain and liver weight but not in liver and .plasma proteins. 

A small proportion of' rats fed a low protein diet lost hair; there was no 

apparent decrease in their motor aetivity and there was no mortality. 

5.'2. Influences of Protein Defidencv on the 
Anti-lnflainmatory Effeds of Salicylates 

5.Z.l. Suppression of Paw Edema 
1 

,1 

The increase in the paw edema volume 3 hours following an injection 

- of carrageenan into the subplantar region was 59.7+1.8% in control rats (Z1% 
, i)--

protein diet ad libitum, n=50), 55+3.2% in pair-fed controIs (a restricted supply - -. , 
of 21% protein diet, n=l1) and 6l.4+Z.3% in protein~deficient rats (5% protetn 

di et ad libitum, n=54). The increase in the paw volume of control r,t8 was 
\ 1 \\~ 

not different from those of either protein-deficient rats or of pair-fed animais. 

Maximum edema was observed 3 _ h following the carrag~enan injection~ This 

period was selelt:ted for determining the effec'ts of drugs. Both sodium 

salicylate and aspirin produced significantly greater inhibition of paw edema in 

protein-defident ,than in control animaIs fed ad libitum or pair-fed rats (Table 

2; F~gures 5, 6). 
...-

There -'was no difference in the paw edema suppressant 

- \. 
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Table 1 
" , 

"Influence of d1eta'ry;protein on certain physiologieal and bfochemfcal 
, parameters in male rats 

Parameters 

Initial body weight (g). 

Fi na1 body wei ght (g) 

Food consumed Cg/day/rat) 

Protein intake (g/day/rat) 

.Caiorie intake (kca1/day/rat) 

Plasma protei~s ·(g/dl) 

Plasma albumin Cg/dl) 
\ 

Plasma globu1tns (g/dl) , 

l iver wei ght (g) " 

Liver protein (mg/g) 

Dfetary Protefn (3-Week Perfod) 

21$ ad lib. 
(controT1 . 

5$ ad 1 tb. 
(p~R')-

21 %( 1 Og/day},ü 
(pair-fed) 

Mean ~ S.E. (n = 8-240) 

115 ± 2.0 

249 ± 5.3 

114 ± ?O 114 ± 1.9 

117 ± 3.3a ,b 211 ± 5.3a 

18.2 ± 1.3 " 9.8:!; LIa 10 ± Da 

3.9 ± 0.4 

73.1 ± 6.7 

1.4·±O.13 

2.6 t 0.02 

3.6 ± 0.1' 

0.5 ± O:la,b 2.1 t Qa 

~9 ± 4. Oa 40 ± Da 

5.8 ± O:13a ,b 7.5 ± 0.27 

2.3 ± O.Oga,b 2.7 ± 0.08 

3:3'10.1a,b 3.6 ± 0.06 

12.~ ± o.4i "'. :'5.9 ± 0.2Sa ,b 9.7 ± 0.42a ' 

206 ± 3.4 

Liver microsomal protetn (mg/g) , 14.8 ± 0.5 11.6 ± 7.3a 

?\f 9 ± 0.2' 

1.8 ± 0.1 

19.;"1 ± 1.1 

6.4± 0.2 

not do ne 

DNA (mg/g l iver) 

ONA Ct lfver protefn} 

Blood leukocytes (lOG/ml) 

Urinary pH 

3.4 ±' 0.2 

1,.5 ± 0.1 

17.3 ± 0.5 

6\4 ± \.3 

not done 

not done 

not done 

not done 

a Sfgnfficantly different Cp < 0.05) from the eorresponding"control (21Ï. protefn 
dfet ad libitum group) values. . ., . . 

b Signfficant1y different Cp < 0.05) from the correspondfng pair-fed control (2U 
p~ote1n diet lOg/day/rat group) values. . 
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Tabl~ 2 

Effect of salicylates on the carrageenan-induced paw edema in control, pair-fed 
and protein-deficient rats 

~ 
Agents Oose 

(mg/kg) 

Na Salicylate 50 

Na Salicylate 200 

Asp1rin 

Aspfr1n 

Asp1rin 

50 

100 

200 

Route ') 

.1.p. 

i.p. 

p.o. 

p.o. 

p.o. 

" 

Inhibition of paw ede~a (~) 

2U protein 
ad, 1 ib. 

5% protein 
ad 1 i b. 

Mean ± S.E. (n=-9-16) 

-4.0 ± 3.3* 

.42.8 ± 6.1* 

16.2 ± 8.2 

22.7 ± 6.6* 
, 
45.8 ± 5.9* 

28.0 ± 5.9 

63.0 ± 4.7 

25.1 ± 9.8 

49.6 1: 5.9 

68.1 ± 5.7 

2U protein 
10 g/da.y 

4.0 ± 2.8* 

38.1 ± 7.4* 

not do ne 

not done 

not done 

The i.ncrease in the paw volumè of vehiçle-treated control (n=50), pafr-fed (n=l1) 

and protein deficient (n=54) rats was SQ.7 ± 1.8%, 55,;t 3.?$ and 61.4 ± 2_3~, 

respecti velYe 
4' 

. *Significantly different (p< 0.05) fram th~ 'corresponding values of 

protein-def1cfent rats (St p!'otein diet ad libitum group). 
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Figure 5. ~nhibition'of carrageenan-induced paw edema by sodium 

salicylate in male rats. AnimaIs were fed ad libitum e1ther a 

21% (control) or 5% (protein-defic1ent) protein diet or a 21% 

protein diet was fed in restricted quantities (10 g/day/rat) 
\ 

(pair-fed control). Mean±S.E. of 9-16 animaIs at each dose level. 

Asterisks denote' differences (P<0.05) from the values in both 
* 

controis fed ad libitum and pair-fed controls. 
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Figure 6. Inhibition of carrageenan-induced paw edema by aspirin 

in male rats. Anima~ were fed a 21% (control) or a 5% (protein-
, 

deficient) protein diet for 3 weeks. Each value ia the ~ean±S.E. 

of 10 animaIs. Asterisks denote differences (P<O.OS) from the 

adjacent control values. 
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actirity of salicylate in control an~ pair-fed rats (Figure 5). 

5.2.Z. Suppression of Pleurisy 

, The effect of aspirin on carrageenan-induced pleurisy ls shown in Figure-

7 and Table 3. The inhibition of pleural exudate at three dose levels studied 

was ~ignificantly greater in animais with protein-calorie malnutrition than in 
\ 

control rats. The total volume of pleural exudate per rat was 1.5!,0.1 ml in 

control animaIs (n=27), which was higher (p<O.OOl) than the volùme' of exudate 

(0.9+0.1 ml) in protein-deficient rats (n=27). However, the volume of pleural - ~ 

exudate _ on the basis of body ~eight was signl.ficantly greater (p< 0.001) in 

• protein-deficient than in control rats; the values (ml/kg, mean+S.E.) for control 

and protein-deficient rats were 6.1,!0.3 and 9.3,!O.'5, respectlvely. The leukocyte 

concentration in the pleural exudate of control rats (n==27) was 78.;.4 x 106/ml, 
c 

and significantly higher (p<O.Ol) than the concentration (51.:!:.6.6 x 106/ml) in the 

exudate of prot~in-deficient rats. (n=27); blood leukocyte eounts .in . the two 

" 
groups of rats did ti6t diff~r significantly (Table 1). 

_ 5.3. Measurement of Salicylate and i15 Metabolites' '1;)y HPLC 

The:' HPLC method us~d in this stu~y for' the meastireme~t of 'S.icYliC 
aeid and i~s metabolites in biological tissues and fluids was sensitive and 

accurate. Salicylic aeid, salicylurlc aeid and gentisic aeid could simultaneously ( 

~ be assayed accurately at concentrations as low' as 1 lJ s/ml (100 ng/0.1 ml 

, . plasma or' extraets). Figure 8 shows typical chromatograms of salicylic aeid 

. '~d i~ metabolites in plasma, liver, kidney and urine. The retention times for 
- . . 

saJi!=ylic aeid, salicyluric aeid, gentisic acid and phthalic aeid (internaI st~dard) 

, were 9.Z, 5.6, 4.8 and 1~o~\ min,utes respectively. The ehromatograms of pluma, 
1? .. 

urine and tissue blanks showed no peaks that eould Interfere wlth salicylie acid. 

'. , 
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T-able 3 

Effect of aspir1n on the carrageenan-1nduced pleur1sy 1n control and 
protein-def1cient rats 

Oral dose 

(mg/kg) 

50 

100 

200 

" 

Inhibition-of pleural 

-21$ prote1n 
ad lib. 

Me~~.E. 

18.91 ±8.10 

35.98 ± 5.41 

50,.37 ± 6.68 

exudate ($' 
1 

5$ prote1n 
ad lib. 

(n=5-9) 

49.98 ± 5.58* 

61. ~2 ± 7.86* 

75.38 ± 5.11* 

The total volume of pleural exudate per rat was 1.5 ± 0.1 'ml in vehicle-

"" 
\ 

treated control (n=27) and 0.9 ± 0.1 ml in veh1cle-treated' prote1n-d~ficient 

rats (n=27). 

* Signfficantly dffferent (p< 0.05) from the corresponding control values. 

- . 
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p~otein diet for 3 weeks. Each value 18 the mean±S.E. of 5-9 "rats. , 

Asterisks den~te differences (P<O.OS) from the control values. 
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Figure 8. High-pressure l~quid ehromatograms of, sa~icylic acid 

and its metabolites in plasma, urine and tissue extracts .• 

'Salicylic acid and its metaboUtes we~e s.,eparated. on a ,re:veis~d-.'" ~ 

'phase .column (Cie llàondapa'k, Waters) with 30% ace~onit~il~ in' 
, ' 

0.05% ~l04 at a flov rate of 1 tnl/min. SA: 'salicyl1c acid; 

'SU: salicyluric acid; GA: gentisic acidj IS: interna! s~andard 

(phthal:f.c,. s'cid). 
, 

a". 'spik.ed plasma; b. plasma sample; c .. liver extract; , 

, d.--kidney .~~act; e. blank"'Urine; 'f~. urine S'ample. 
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Table 4 il1ùstrates the linearity of the ~alibration curves for salicylic 

acid and salicyluric acid ln ,plasma in concentrations ranging from 6.Z5 to 50 . ' . 
lIg/ml. The values of peak area ratio/weight ratio were fairly consist~t for 

salicylic acid and salicyluric acid at all concentrations studied, indicating gpod 

linearity. 'The precision and reproducibility of the assay are ,summariz~d \n' 
u 

" ' 

Tabl~ 5. The coefficients of variation of these results were less tban 4% at 

aU. concentrati9J1s studied. 

. , 

Blank urine gave a peak at approximately the sa~~ ~tention Üme as 

"the ipternal st~ndârd (Fi~e 8).' Therefore the quantitatlon of urinr.u1r, 

'salicylates was m'ade on the basis of "standard è::urves to authentic compol1nds~ 
or' , ' il 

The s,e'~âratio~ of different metab()lites w~s ~atisfactory and there existed a 

.' 

.' '1 • 

• ' l' linear relat,ionship '(r=0.99) betwéen tbe concentration of salicyUe acid', gentisic 

c>.fD.' 
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-
.,~~id and sali~luric acid (6.Z5-50 "ugIrnl) and their pea~ areas (Figure 9). 
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Tabl~ 4 

l inearity lof calibration cu;ves fo~' salicY;ic ,acid (SA) and saÙcylurfc acfd (SU) 
by rHPLC l " ',' , 

1 riterna 1 ~j 
standard 

Concentrati on 
of sA bnd su 

,8 
Peak area 'ratio' 

b 
Peak area ratfo/wefght ratio 

f ).19/11\1') 
c 

SA 
d 

su ' SA 

Mean ± S.E. 

, #25 6~25 O.~3 ~0.01, ,O.4~ ± 0.01 2.08 :t; Q.M 

,~ 1 25 

25 

25 

12.5' 

25.0 

50.0 

1.06 :1: 0.01 , . 
2.03

1 

± 0.03 
1 

' '3.96 ± 0.05 

a Area. of drug/area of 1'nter.nal 0 standard. 

0.92 ± 0.01 2.13 :t; 0.03 

1.80 ± 0.02" 2.03 ±~.03 

3.60 ±·0.04 1.90 ±. 0.02 

~ b- Wefght of drug/~ight of 1nternal standard. , .... 

C Unear regression line for s~licYnc ac1d: YI:I0.078x' + 0.066. ,..0.99 
, .. 

1.91 ± 0.02 

1.87 .f 0.01 

1.80 ± 0.02 

t'.an 1: 0.01' 

C Linear regression lfnè 'fo~ ,salf-cy'lurfc acfd: Ya O.069)( + 0.059 ... r-O.9!r 
, , 

4-6 samp1es ,at each concentration. 
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Table 5 

Assay precision and reproducibnfty ,of sal fc.ylic acfct and sal ;cyluric aci,d 
by HPLe , .' -, 

e 

" 
Concentration . Concentration found . ' Compou~d . Idded tO plasma ( .. 9Iml) 

j ,C p9/mll 
Mean .,t sn 1." Range CV ('1' , ... . 

Sal1cy1fc '.cid 6.25 " 6.15 ! 0.10 !l.9A - 6.25 1.62 

, ..... ". 12.5' 12.20 :t 0.1.7 11.80 .. 12.," - 2.21 . 
26.0 24.88 t 0.09 23.20 - 25.50 3.61 

• 1 

_",f' 50.0 49.50 t 1.28 41.60 .. 51.10 2.60 

\ 
Sa1icylurfc Icid 6.25 . 6.24 t 0.22 5.95 .. 6.56 3.61 

12.5 
, 

11.98 t 0.24 11.80 .. 12.30 2.00 

25.0 24.15 t 'O.7fi 23.1p .. ~5 .lO 3.16 1 
\ 

49.60 • l.~ . 
l " 

!II 50.0 47.90 - 51.20 2.44 

n=4 
__ 1 

SD cv (%)amean x 100 ., 
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Figure 9. Standard c4rves of peak areas of salicylic acid, salicyluric 
- 'J acid and gentisic acid exttacted from 0.1 ml urine (1:5 diluted) 

spiked with different concentrations of tbree substances. A linear 

relationship was obtained with a correlation coefficient of 0.99 .• ' 

Salicylic acid: Y=O.40X-O.24; rmO.99 

Salicyluric acia: Y"'O. 37X-O.12;' r-O.99 

Gentisic acid: Y-O.32X+O.21; r-0.99 , 
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5.4. Pharmacokinetics of Salicylate ln Control 0, 

and 'Protein-deficlent Male Rats 

5.4.1. Plasma half life (t~), Apparent Volume of 
Distribution (V dl, and Plasma Clearance (Clp) 

1 

Semilogarithmic plots of plasma salicyUc acid concentrations as a 

function of time after the administration of sodium saijcylate Are shown, in 
, -

'Figure~' 10 an~d 11. Dose-dependent change~ i'{plasma t~, Vd and Clp were 

found in both, control and protein-deficient rats (Figures 10, 11 and Table 6). 
, ('> 

At a Z ,mg/kg dose level, t"" V d' ~~d Clp ill control an~ protein-de~icient 

animalâ did not differ significantly. H~~ever, at 10- and 100 ~g/kg dose levels 

the plasma t~ wu shorter and Clp gl'eater in protein deficient that in, control 

rats; th~ V d in the two groups of animais did n.ot differ significantly. At a 
, . 

dosé level of ZOO mg/kg plasma concentrations of salicylate did not eld1il>i~ a 

lineal' decay up to to h (Figure 11). However, plasma levels of salicylate at 

2.00 . mg/kg dose were again lower in protein-deficient' thm in cC)ntrol rats. 
l 

There was no significant difference in the plasma t~, V dl and Clp of pair-fed­

,control$ and controls' fed ad libitum (Table 6). When rats maintained on a 

low-protein diet for three weeks were fed a control diet, all the 

pharmacokinetic parameters returned to control levels in two weeks ETable 6). 

:. ~ 5.4.Z. Bioavailabilitt 

~fter oral administration, peak plasma concentrations were achieved in 

appr.oxi_mately 30 minutes in both the control and protein-deficient groups of-
, c, 

rats; al80, in bath groups of animaIs the absorption of salicylate was rather 

completè. Tbere '\Vas no si~ificant difference in the relative bioavailability 

of sodium salicylate in the two groups of r~.t.ts (Table 6) • .. 
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Figure l~. SemUogrithmic plots of pl~sma salicyl1c ac1d concentrations 

as a f~nction of time following iv administration 'of 2-,10- and 100 
/ 

mg/kg sodium salicylate in control and protein-deficient male rats. 

Each data point is the mean±S.E. of 5-8 experiments. 

;'" 

, l-

" 



1] 

, ,,, .. 

" 

\ 

\ 

-Q 
6 100 
c 
CJ 

~ ::; 50 

\= c 
:1. 
: 25 
..1 
Do 

t 

'. • < 

5 1 10 - 15 20 25 30 

TIME J\E!ER SODIUM SA~ICYLATE (20~mg/kg.1 V) 

.' 

/) 

35 

hr 

Figure Il. Semilogrithmic plots of plasma salicylic acid concentrations 

~s a function of time following iv administration of sodium salicylate 
, , 

200 mg/kg in control (21% protein diet) and protein-deficient (5% protein 

diet) male rats. Each datd point f8 t~e .e8n±S.E. of S experlments. 
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Table 6 

, -
Influence of different dietary reglmens on the pharmacoklnetlcs'of salicylate . 
'in male rats 

Parameters Sodium Dietary Proteln ( 3-week period) 

Salicylate --~ .. --------------

(mg/kg) Zl% ~ lib. st ad lib. 21%(10g/day) * 

Plasma tl (h) 2 Iv 1.6±O.2 1.5±0.2 ND 
7. l±O. 7a. 

, 
10 Iv 3.3±O.2a ,b,e S.HO.8c 

10O'Iv 12.2±0.6a 8.6tO.Sa •b ND 

'd (ml/kg) 2 Iv 131±1 133:U3 ND 
la 'Iv 22S±20a 212:!:138 205t1S 

a 
, 100 iy 425±288 439t1S8 ND 

Cl
p 

(ml/kg/b) ,2 Iv S8±5 64;t4 ND 

la Iv 22 ua 45!3a •b ,c 32:!6 

100 Iv . 2412 36±2a ,b ND 

AUCO-l2hr 10 iv 3~:!:28 229±l5
b ND 

la po 310:!:7 200f14b ND 

Aucpol AUCh la 0.92±0.02 O.SSiO.06 ND 

Datà represent mean±SE for 5 ta 8 experiments; ND: not determined. 

* Pair-fed to 5% prote!n diet ad lib. group of rats. 
, --- . 

•• Proteln-
Repleted 

ND 

9.312.1 

ND 

ND 
235120 

ND 

1 HD 

2l!S 

NDx1\. 

ND 

' ND 

ND 

** A 5% prote!n diet for 3 weeks followed by a 21% prote!n diet for 2 -veeks, 

ad lib. --- \ .... 
\ '" 

a Significantly different (p<O.05) from the value .imined1.ately above. 

b Sign! ficantly differcnt (p<O .05) from the corresponding control value on 

the left. 

c Significantly differe~t (p<O.05) from the .val~e in ,protein-repleted group. 
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5.4.3.- Urlnary Excretion of SaliqUe 
Acid and lb Metabolites .1 

The urinary excretion of saliqUe add and its metabolit~s was 

~etermined at a 10 mg/kg dose of sodium saliCflate. The cumulative excretion 

of salicyluric acid was significantly greater in proteln-deficient ... than in control 

rats at 3, 6, 12 and 24 hours after the drug (FigurElf IZC). However, there was 

no difference in the excretion rate of salieyl glueuronid~s at any time during 

""~ the 24 hour period (Figure lzM, and the exeretion of unchanged salicylic acid 

was greater in protein-deficient than in control rats only within the first 3 h 
, 

after the administration of the drug (Figure IZB). The cumulative excretiôn 

of ail three fractions combined was- higber in protein-deficient than in control 

rats at 6 and IZ h after drug administration (Figm.e UD). On1y in the control 

animaIs was the excretion of salicyluric .acid found to proceed at a constant 

rate (Figure IZC, Iower curve). Gentisic acid was detected, only in a few 

urinary samples; when present its concentration was < 5% of the total and was 
, 

not inc1uded in the ealculation of the overaU excretion rate of salicylates. 

The kinetics of the urinary excretion of salicylic acid and its 

'metabolites &re presented in Table 7. The elimination half-life of salicylate 

was si~ificantly shorter in protein-deficient than in control rats. There was 
, ) 

no significant difference in K and K f of salicyl glucuronides in the two . ex m 

groups of animaIs. K and K f of salicyluric acid for the control rats could ex m 
. 

not, be calculated because the plots of the logarithm of the rate of ~xcretion 

against time were not linear \r=O.ZI) and no linear terminal portion of the 
~ 

curve cQuld be selected frolD the four available data points; such a plot was 

linear (r=0.98) in the ease of protein-deficient rats and hence K and K f ex: m 

could be calculated (Table 7). 
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Figure 12. Influence of protein deficiency on the cumulative 
" 

urinary excretion of salicy11c $cid and its metabolites in 

male rats. Asterisks denote slgnificant differences (P<O.OS) 

from the values in control rats at 'equivalent time periode. 

each value is the mean±S.E. of 6 experiments. 
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J Table:: 7 

Kfnetics of urinary excretfon dl, s'alicylic acfd ,~d fts ~tabo1.1tes' hi' 
control and prote~n .. deffcfent male rats , " ',' 

Substancesa 

" 

Salicylfc Icid 

Salfe,yluric ac1d 

Salley1 91ucuronides 

Sali'cyluric acid 

'Salicyl glucuronides 

. 

. 71 " 

~ Substances recovered in the urine f~11owing sodium salicylate (10 mg/kg f.v.) , 

b Kel: eÙminatfon rate con'stant; , 

• Kmf: metabol ite fonnàtion rate constant; 

, lCex: excretion rate constant 
, ' 

~ Could not be calculated from the available data Csee metho~s) 
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'The urlnary ~H, of, contro~ (6A:t0.30) and protein-defi~ieI1t (6.4:t0.2l) 'rats 

were i~~mtical., The ~inary protein concentr.a~ions (mg/ml) of control ~d 

protein-def~cient ,fats .'ere 2.7:t0.l8 and Z.3:t~.Z, respectively; the difference 

, . was nQt significant. 
, ' 

5 .. 4.4. Prbtein7"salicylàte binding 
'~'" ~ , . 

There was no difference in the binding o,f, salicylate to ser~1D" prote,ins 

, . 

, ' .' ~ . 
pf oontrol. and prc>'tein-deficlent rab at ,he three dose lev~ls studied (Table 8). ,Il. 

'vihen sodi~m sali~late \fas added to t~è ~ 3leru,m in vitro, its binding to serum ' 
l', > -l' 

prot~i~~ of, control rats ~as sign'fiéan,t1y gre~ter than to that of' 

prote'in-deficient animaIs at aIl three concentrations (Table 9~. 

" 5.4.5: Mitochondrial Metabolism of Sal,icylate 
1 

Under the exper'imenial c()nditions o~ the present stu\lY','incub~tion of' 
, ., 

salicylate with liver mitochondr~al preparations did not yield any detecta,>.lt:! , 
. , 

metabolite. Howe\per, incubation of, salicylate with' kidÎ1ey mitochondrial . . \ } 

preparations consist,ently' resulted in t,he formation of salié:yluric ac;:id; no other 

met~lite was detected. 
, . ... ~ , 

The yield of salicyluric' acid in 'kidney mitochonddal 
, 1 ~ , , 

~aÜons from pkot~in"'d~ficient r~ts was signific8.lltly greater than in 'Çon~rol 
, ",') '_. .' i 

,preparations, both in ter~s of' wet w~ight as welle ~mltochondrial protc;ins 

(Table la). 
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5.4.6. Tissue Distribution 
~.\, ' 

sOdium sali9'lafe (ZOO mg/kg) was injected irittaperitone~lly 'into, control " 
. " 

and protein-deficient rats followed by subplantar injection' of carrageenan into 
, " ,,,., 

, one paw (see method). The inhi~ition of paw edem'a wu -measured anci this 

was followed by removal of blood and soft tissues of, both inflamed and 

nonInfIamed' pa.s for the assay of salicylate.. The inhibition of paw ed(!ma was 

greater 'and plasma salicylate concenlratlqn lower. in protein-deficiept tban in 
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Table 8 , , 

ln '"vivo bind1rig of sal1cylaœ ta senm l'rotefns from c~trol ~~d ·pr~t~fn-deffC!.~'n~ 
ratS- . " ,- \ ~, 

\ 
, ,1 ~, . -

Dose of sodfum 
salicylatea 

? 

Control rat serum" Protefn-defic.1ent rat serumt , , " , 

Total sat icylic Total salicyUe 
acid ~ ac1d ' . , 

1.l" "f 

(Jlg/ml) S Sound' ( ... ~/mll , BouJld ____________ ~ ________ ~ __________ ~-----"-O-----'----____ ~.~t __ --------'\~ , 

MelHl ± S.E. 
b 

~1 3.51 ;!: 0.47 100 2.99 :t 0.18 
. 1QO 

1 

10 42.83 :t.2 .81 87.7 ± 3.4' 37.5 ± 2.26 90.4 ! 1.S 

+ 
\ 

'. 
243.9 !: 10.80 67.9 :t 3.1 211.1 ± 14'.88, 66.';7 ± 2.3 

" " ) 

a Blood sample was collected lh fo11ow,1n9 the, drug'; n=4, at each dose level • 

• b R~ts ~re fed ad libitum a 2i, prote1n' dfet for 3 weeks; serum prote1ns and albumin 
concéntrations (Illean !: SF./,g/dl) were 7.49 !: 0.11 and 3.05 ± 0.15, 're'spectiveTv 

, , 
" , 

'0 (n=12)]. , • 

, , '-
C Rats were fed ad lfbitllR ,a 5~ prote1n diet for 3 weeks; sennn prote1ns' and albumf n 

concentrations (mean t SE. g/dll vere fi.05 ± 0.18 and 2.34 :t 0.05, re~pectively 
(n=12) • 
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1 Table 9 

"" In vitro bi nding of sali cylate to serum protefns from control and 
~otein-deficient rats 

a 
Sal icyHc acfd Control rat serum Protefn-deffcient P 
concentra t ion rat'" se rumb 

mM 1, bound, Mean ± S.L (n=6) 

0.18 89.4 ± 0.8 84.8 ± 1.1 < 0.02 

0.36 89.9 ± 0.1 84.Cl ± 1.~ < 0.02 
c c 

0.72 83.8 ± 2.2 13.8 ± 3.2 < 0.05 

a Rats were fed ad lib. a 2lt protein di et for 3 ~eks; serum prote;n and ( 
albumfn concentrations (mean ± SE, g/d1) were 8.2 ± 0.11 and 3.2 ± 0.0 , 
respectively (n=18). -" ,,_ 

J -

b Rats were fed ad lib. a ~-.t protein dfet for 3 Wl!eks; serum protef" and 
albumfn concentrations (mean ± SE, g/dl) were 6.10 ! 0.15 and 2.14 ± 0.06 
respectfvely (n:18). 

c Significantly different (p< 0.05) from the top values in the colu",". 
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~ - - - . 

Table' io 
of 

Metabol1sm of salicylate by rat kfdney mitochondrial preparations 

Group Salfcyluric Acid Formed 

nmol/g tissue 

Control 12.0 ± D.R3 

Protein-deficient 16.2 ± 0.72 

p < 0.005 

nmol/mg mitochondria1 
protei n 

1. 7 ± 0.09 

2.5 ± 0.11 

p < 0.001 

Sa1icyluric acid was the on1y detectable metabolite. Values are means 

± SE; N = 9 for each qroup. 

7, 



, , 
control rats. However, there was no difference ln salicylate concentration in 

soft tissues of Infiamed or nonfnflamed paws from the t'RO groups. of animaIs 

(Figure 13). 

\ 
SalicyUc acid concentrations ln kidneyll, li ver, and plasma at 1 an~ 3 

h, and in brain and stomach at 1 or 3 h followiDg iv administration of 10 

mg/kg sodium salicylate aré presented in Table 11; with the exception of the 

value· in the Uver at 3 h after drug administration, there was no significant 

difference in salicylic acid concentrations in tissues of control and 

protein-deficient rats.:' However, the ratios of kidney to plasma concentrations 
i 

of salicylic acid at 1 and 3 h after the drug were significantly higher in 

protein-deficient than in control animaIs. 
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Figure 13. Influence of 'protein-calorie malnutrition (5% protein diet) 

* 

on the paw edema suppressant activity of sodium salicylate and on its 

concentrations in the paw and plasma three hours after the administration 

of the drug in male rats. Each value is the mean±S~E. of 5 experiments; 

asterisks denote differences (P<O.05) from the adjacent control values. 
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t Table 11 

Tissue distribution and tfs~lp1asma concentratfon ratfos of salicylate in 
control and protei n-deficf~t male rats " 

Tissue 

Kidney 
Kfdney 
Liver 
L iver 

Brain 
Stomach 
Pl asma 
Pl asma 

ta 

' .. 
~ 

h 

1 

3 

1 

3 

1 

3 

1 

3 

Il 

21~ 

21 ± 2.2 

7.6 ± 1.3 

7.4 ± 0.8 

2.2 ± 0.2 

0.9 ± 0.4 

1.3 ± 0.3 

34 ± 2.7 

32 ± 2.4 

~ 

Value when Ofetar,y Protefn ad lib. 
(3-Week Perfod) was --
5~ 21~ 5~ 

pg/g or ml b ratfoC 

26 :!: 0.2 \ 0.64 :!: 0.02 0.82 :!: 0.08 

7.7 ± 0.5 0.24 ± 0.02 0.31 :!: 0.02 
" 5.9 :!: 1 0.26 ± 0.03 O.lA ± 0.04 

1.6 ± O.ld 0.07 :!: 0.02 0.06 :!: 0.01 

0.7 :!: 0.3 'Ô,.02 :!: 0.01 0.02 :!: 0.01 

0.7 :!: 0.4 0.04 ± 0.01 0.03 ± 0.01 

31 ± 3.2 

25 ± 2.0 

a lime after a dose of 10 mg of sodium salicylate per kg fv. 

~ 

b Tissue or plasma concentratfon of salicylfc acfd; means :!: SE for five 
experfments 

• c Ratio of tissue to plasma concentration of salicylic acid; means :!: SE. 

'~ 

d 

d 

d Signfficantly different (P< 0.05) from control value '9" the 1mmedfate left. 

--

il 
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5.5.1. Establishment of Experimental Conditi01l8 

on 
tates 

A motor-driven Pot ter-Elvehjem bomogenizer instead of a 

m~y-driven Dounce homogenizer was employed and different rotary speeds 

and up-down strokes were tried. As shown in Figure 14, release of total 

enzyme activity at 60 up-down strokes and a pestle speed of ZOOO rpm was 

found satisfactory. When the liver was homogenized at 600 rpm and 30 

up-down strokes in hypotonie sucrose buffer (0.07 M), approximately ZO% of the 

total enzyme activity was released (Figure 15). This value was reproducible 

and comparable to that reported by Ignarro (1971.). In the present study 30 

up-down strokes at 600 rpm and 60 up-down strokes at ZOOO rpm were used 

for the determination of free a,nd total ~nzyme activities, respectively. 

1 

5.S.l.. The Time-course of Dietary Protein Influence on Lysosomes 

Protein-calorie malnutrition (a 5% protein diet, ad libitum) led to a 

significant increase in the rat,io of free to total and a significant decrease in 

the total liver R-glucuronidase (Figure 16). A decrease in membrane stability 

(an increase in the ratio of free/total enzyme activity) was found as early as 

3 days after the start of a low protein diet and reached a peak in 1 week 

(Figure 16A); total a-glucuronidase activity decreased significantly witl)in 1 

week and reached a minimum in approximately 1. weeks (Figure 16B); after 
1 

which time there were no further significant changes in membrane stability or 

total R-glucuronidase activity. The ratio of free to total as weIl as the total 

R-glucuronidase activity of animaIs' fed a S% protein diet for 3 weeks returned 
1 

to control levels within 7 days after the low protein diet was substituted with 

a normal ZI% protein diet (Figure 16). 

7q 
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Figure 14. Effect of th~ number of up-down strokes (A) and 

of rotary.speed of the pest1e (B) on ~he release of total 

B-glucuronidase from rat 1iver lysosomes in 0.1% Triton X-

100-0.05 M Tris acetate (pH 7.4). A motor driven Potter-E1vehjem 

homogenizer was used. In panel A, the rotary speed was 2000 

rpm. In panel B, the number of up-down s trokes was 60. The 

highest values were assurned ta represent 100% release of 

the enzyme. Each value is the mean±S.E. of 5-7 experirnents. 
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-Figure 15. Effect of the number of up-down strokes on the release 

of B-glucuronida~e from rat liver lysosomes in hypotonie sucrose 

buffer (0.07 M sucrase-O.OS M Tris acetate,pH 7.4) at a' ro"tary speed 

of 600 rpm. The total re1ease of the enzyme was achieved at rotary 

pestle speed of 2000 rpm and 60 up-down strokes .in 0.1% Triton X-IOO-

0.05 M Tris buffer (pH 7.4). Each vaIuè" is the meaniS.E. (0-7-9) 
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Figure F6. Time-course of changes in membrane stability (panel A) 

and B-g1ucuronidase activity (panel B) of liver lysosomes as a 

function of the duration of dietary protein deprivation and 

rep1enishment in male rats. An increase in the free as a percentage 

of total enzyme activity imp1ies a decrease in membrane stabi1ity 

(labilization). Each data point i8 the mean±S.E. of 5-10 animals. 

Whenever
6

a value is significant1y different (p<O.OS) from the 

corresponding control value (21% protein diet group), lt i8 shawn 

by an asterisk. 
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5.5;3. Effects of a Low Protein Diet 
on Different Lysosomal Enzymes 

The influence of a low protein diet on the three liver lysosomal 

enzymes measured in these experiments was not uniform (Figure 17); there was 

a signUicant decrease in R-glucuronidase activity and a significant increase in 

arylsulfatase activity. The pattern was similar whether the enzyme acti"vity 

was expressed as a function of wet liver weight or supernatant proteine .. 
However, the B -glucuronidase activity in the protein-deficient rats was only 

54% of the control when expressed in terms of wet liver weight and 72% when 

expressed in terms of milligrams of supernatant proteine The arylsulfatase 

activity in the protein-deficient animaIs per gram liver was 125% of the 
-' 

control; it was 160% of the control when expressed on the basis of per 

milligram proteine \nere was no change in acid phosphatase activity, which 

was 5.00:t0.30 U/g liver or 0.06±0.OOZ U/mg protein in control (n=6) and' 

4 .. 63+0.60 U/g liver or 0.07+0.006 U/mg protein in protein-deficient rats (n=6). 

The ratios of bath free ta total s-glucuronidase activity and free to 

total arylsulfatase activity were significantly gfeater for protein-deficient 

animaIs than for contraIs. Free acid phosphatase activity \Vas not measured • 

5.5.4. Influence of Dietary Protein on. Lysosomal 
Stabilizing and Paw Edema Inhibitory Effects 
and on the Plasma Concentration of Salicylate 

.. 

As shawn in Table lZ and Figure 18 (panel C) the effect of sodium 

salicylate- on lysosomal membrane was biphasic, depending upon the dose; at, a 

- 50 mg/kg dose level sodium salicylate produced a stabilization of lysosomes 
, 

bath in control and protein-deficient rats. Howéver, at 'a ZOO mg/~g dose level, 

sodiutiJ' salicylat~ produced a labilization of lysosomal membr~ both in 

con trol and protein-deficient rats. A labilization of lys~somes was' aIso 
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Figure 17. Influence of dietary protein deficiency 'on liver B-glucuronldase 

(panel A) and arylsulfatase (panel B) activities of male rats. Each va1ue~ 
ia the mean±S.E. of 6-36 animaIs. ,Asterisks denote significant differences .., ~ , .. 

(p<O.05) from the values in rats fed a control diet. 
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Table 12 

Effects of nonsteroidal and steroidal anti-inflammatory agents on 11ver lysosom~] 

membrane stabi1ity of control and protein-deficlent male rats 

a-glucuronidase activity 

Agent Dosea 
-21% pro~ein ad lib. 

Total Fre-;;- -FIT 

mglkg (U/g l!ver)x 10-3 % 

Saline b 9.9±O.33 1.9±0.06 20±0.4 
, 

Na-SA 50 9.4±O.28 1.6±0.12* 17±0.9* 

Na-SA 200 9.5±0.19 2.3±0.16* 25±1.5 

Aspir1n 200 10.I±O.38 2.5±O.19* 25±1.4* 

OPBZ 50 lO.4±0.77 1.7±O.16 l6±0.8~ 

IMC 10 lO.8±O.45 1.8±O.l9 l~±1.4* 

DEXA 0.2 9.7±0.40 1.4±0.09* l5±0.9* 

5% prote!n ad lib. 
Total Free FIT 

(U/g liver)x 10-3 

5.4±0.29 1.t.±O.06 26±0.9 

S.2iO.17 1.2±O.07* 23±1.2* 

5.1±0.11 l.4±0.15 28±3.] 
il' 

5.7±O.19 1.7±0.15 30n.1 * 

6.0±0.28 1.3±O.09 22±0.9* 

5.9±O.26 1.2iO.13 ~l±l.6* 

5.I±O.lB l.p±O.OS* 20±O.6* 

'a Administered intraperitoneally approximately 3 h before killing the animaIs. 

b Mean±SE of 9-27 animaIs. \ 
, , 

* Significantly different (p<0.05) fro~ the top value (saline-treated) in the 

same column. 
{ 

Na-SA: sodium salicylate; OPBZ: oxyphenbutazone; tMC: indomethacin; 

DEXA: dexamethasone. 
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Figure 18. Relationshâp between paw edema suppressant and 
; 

lysosome stabilizing activities,of sodium salieylate (SA) , 
and aspirin (ASA) in male raots fed ~ libituin for 3 weeks 

\ 

a 21% (control) or a 5% (Pfotein-defie1ent) p'rotein diet. 
" Eaeh value 1s the mean±S.E.~Of 9~7 exper1ments. Asterisks . , 

denote differences (p<O.OS) ,from the adjacent control values. 
, 

Pharmacologieal effects 

Methods section. Plasma 

were ~a~~ulat~ as descrihed in the 

aspirin co~c~tration was·not measured. 

.. 
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produced by aspirin at a dose of ZOO mg/kg. The effects of sodium salicylate 

and aspirin on lh,er lysosoD;lal membranes of control and protein-deficient rats 

did not significantly differ at the dose levels stùdied. 

Sodium salicylate and aspirin produced greater inhibition of 

carrageenan-induced paw edema in protein-deficient rats than in controis (Figure 

18, panel B). There was no consistent relationship between the 

lysosome-stabilizing and paw edema suppressant activities of both sodium 

salicylate and aspirine The plasma concentration of salicylate was determined 

in samples coUected immediately after the measurement of its eCfect on paw 

edcma, i.e. 3 h after dosing (Figure 18, panel A); this aiso corresponded to the 

time of the measurement of lysosome stability. The concentration of salicyUc 

aeid was significantly higher in. control than in l'rotein-deficient rats. The 
. 

difference', in paw edema suppressant activity of salicylate in the two groups 

of rats was not related to differences in its plasma concentration. The pla~ma 

concentration of aspirin was not measured. 

5.5.5. Influence of Dietary Protein on Lysosome Stabili~ing and 
Paw Edema Inhibitory Effect$ and on the Plasma Concentra­
tion of Oxyphenbutazone, Indomethacin and Dexamethasone 

Figure 19 and Table IZ show that oxyphenbutazone, indomethacin and 

dexamethasone caused a significant stabiliz~tiOn of lysosomal membrane and 

inhibition of carrageenan-induced paw edema both in control and in 

'protein-deficient rats. The paw ed~ma inhibitory effect of oxyphenbutazone 

and indomethacin were greater in protein-deficient than in control animaIs but 

therè was no 4ifference in the effectS' of these drugs on the stabilization of 

lysosomal membrane in the two groups of rats. In contrast to the nonst~roidal 

anti-inflammatory drugs, dexamethasone produced less paw edema inhibitory-

effect in protein-deficient rats than in ctmtrols and there appears to be a 

R7 



Figure 19. Relationship between paw edema suppressant and 

lysosome sta~ilizing activities of oxyphebutazone (OPBZ), 

i~domethacin (IMe) and dexamethasone(DEXA) in male rats 

féd ad libitum ~or 3 weeks a 21% (control) or a 5% (prote ln-
" deficient) protein diet. Each value ls the mean±S.E. of 

9-14 experi~ents. ,Asterisks denote differences (p<O.05) 

from the adjacent control values. Calculation of the 

pharmacological ~ffects are described in the Methods section. 

Plasma indomethaetn concentration was not measured. 
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f consistent relationship between, this effect and the effect of dexamethasone on 

lysosomal membrane st ab ilit y (Figure 19). 

Plasma concentration of dexamethasone was higher in protein-deficient 

than in control rats; the concentration of oxyphenbutazone in the two groups 

of animaIs did not differ significantly. Also the difference in the 

lysosome-stabilizing or paw edema suppressant activity of these drugs in the 

two groups of rats was not related to differences in their plasma concentrations 

'(Figure 19, panel A). The plasma indomethacin concentration. was not 

measured. 
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t 5.6. Effect of Protein-Calol'Ïe Malnutrition 
on the Metabolism of Arachidonic Acid 

5.6.1. Metabolism of Arachidonic Acid by Rat Neutrophils 

Rat neutrophils were incubated in the presence of AZ3187 and [1_14cJ 

arachidonic acid (Z lJ M) and the products analyzed by reversed-phase HPLC 

(Figure ZO). Since prostaglandins and thromboxane BZ were not well resolved 

under these conditions, the materials in these peaks (between 8 and lZ min., 

Figure 20) were rechromatographed on a silica column. Figure Zl shows a high 

pressure liquid radiochromatogram of the products of this fraction after 

incubation of rat neutrophils with a high concentration of arachidonic acid (100 

\.lM) in the presense of AZ3187. AIl products were identified on the basis of 
1 

their mass spectr~ and by comparison of their chromatographie properties wi th 

those of standards. The major products formed by lipoxygenases were 5-HETE 

and a dihydroxyeicosate<raenoic acid product. Rechromatography of the latter 
• > 

materia! (~,Z5.5 min, Figure ZO) on a silica column (Borgeat, et al., 1981) gave 

a single peak. The mass spectrum of the trimethylsilyl ether derivative of the 

methyl ester of this substance was identical to that reported for L TB 4 (Figur~ 

ZZ). Little or no 5S, 1 ZS-dihydroxy-(ErEZ)-6,8, 1 0, 14-eicosatetraenoic acid was 
r • 

pres~nt\ At high substrate concentrations small amounts of 

IZ-hydroxy-5,8,lO,14-eicbsatetraenoic acid ClZ-HETE) and 

15-hydroxy-5,8,1l,13-eicosatetraenoic acid (tS-BETE) were detected. The major 

cyclooxygenase products were IZ-hydroxy-5,8,lo-heptadecatrienoic acid (HHT) 

and thromboxane B2• Sm aller quantities of prostaglandin EZ' prostaglandin F za 

and 6-oxoprostaglandin Fla were also produced, especially in the presence of 

high substrate concentrations (Figure Z1). There were no qualitative differences 

in the profile of arachidonic acid metabolites synthesized by neutrophils from 

control and protein-deficient rats. .. . 
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Figure 20. High-pressure liquid chromatogram of products 

synthesized by rat pleural neutrophils from a control male 

rat. Neutrophils (3x10 7 cells in 1 ml) were incubated for 

5 min at 37°C with A23187 (20 pM) and [1-14C]arachidonic 

acid (2UM) and the products separated by HPLC on a reversed­

phase column by means of a linear gradient over a 70 - . 
min period between water/methanol/acetic acid (4Q:60:0.01, 

v/v) and water/methanol/acetic acid (20:80:0.0l,v/v) at a 
" flow rate of 1.5 ml/min. The upper panel CA) shows the 

ultraviolet absorbance monitored initially at 280 nrn and 

then at 232 nm after 27 min. The lower panel (B) shows 

the radioactivity, which was detected using a Berthold HPLC 

radioactivity monitor. The fractions in the shaded area were 

combined and rechromatographed by normal~phase HPLC ( see 

F,igure 21). 
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Figure 21. lIigh-pressure liquid tadiochromatogram of the product,s 

in the prostaglandin and thromboxane fraction obtained after 
14 ' 

incubation of rat pleural neutrophils with [1- C]arachidonie acid 

(0.6 ~Ci,IOO uM)~ for 5 min in the presence of A23187 (20 uM). 
The produets were extracted and partially purified by reversed-

~, 

phase HPLC (cf. Figure 20). The fraction eluting between 8 and 12 

min was evaporated an~ rechromatographed on a eo1umn of siliea 

using a linear gradient over 60 min between 20% and 80% toluene/ 

ethyl acetate/aeetonitrile/methanol/acetic acid (30:40:30:2:0.5~v/v) 

in hexane/to1uene/aeetie aeid (50:50:0.5,v/v). 
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Figure 22. Mass spect~um of the trimethylsilyl etper derivative of the methyl ester of LTB from rat 

• - > • 4 
pleural n~tltrophi~s. T~e ~raction containing LTB 4 (see Figure 20) was concentrated. to dryness and 

converted to its methyl ester (diazomethane,room temperature,l5 min), trimethylsilyl ether (N-methyl o _ 

-N-triméthylsilylt~ifluoroacetamide, roqm temperature, 30 min) derivative. The gas chromatography­

mass spectrometry was done on an LKB-9000 instrument. 
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5.6.Z. Effects of Protein-calorie Malnutrition on 
the Biosynthesis of Lipoxygenase and Cyclo­
o!ygenase-derived pro~ucts by rat neutrophils 

Figure 23 shows the standard curves for the quantitation of PGE
Z

' 

PGFZ a' TXBZ and 6-oxoPGF la by Ge-MS using .selected ion monitoring. There " 

existed a good linear relationship between the concentrations of PGEZ' .PGF 2a' 

TXBZ and 6-oxoPGF 1 a (ranging from 20 ng_ to 500 ng) and the ratios of the 

peak heights of the selected ions f~r PGEZ' PGF Za • TXBZ and 6-oxoPGF la" to 

those of their corresponding deuterated analogs obtaineJ from mixtures of a 

" 
constant !lmount deuteraled product and different amounts of its correspond.ing 

nondeuterated product (see method) • 

a.. 
The major products formed by rat pleural neutrophiÏs at low 

concentrations of arachidonic acid were leuk~triene B 4' _HETE, HHT and 

throm boxane BZ (T$lble ~13); only sm~ atnoun'ts of prostaglandins were formed 

under these conditions. Protein-calorie malnutrition caused a decrease in the 

formation by neutrophils of all, the cyclooxygenase-derived products which were 

measured. Leukotriene B4 synthesis was also decre.ased - due to protein 

deficiency, but there was no change in the formation of 5-HETE. 

" 
Increasing the concentrations of arachidonic acid up to 50 li M b'd 

$Ïmilar effects on the synthesis of leukotriene B 4' .5-HETE and thromboxane. Bt . 

by neutrophils from control jlI1d protein-deficient rats (Figure 24). In all c~s, 

the amounts of 5-HETE formed by neutrophils from the two groups ot rats 

.., . 
weré identical, whereas the tormati<?n of the other products wu considerab'ly 

, -

lower for protein-deficient rats.. At the highest substrat~ concentration' 
.. 

.employed (l0? l1M),~ the forma~ion ~f leukotriene B4 and 5-HÈTE was inhibited 
, 

in neutrop~ils from protein-deficient rats, but not in those from control rats. 

. . 

" " 

\ .. 
" 
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c Figure 23. Standard curves for the quantitation of PGE2 

(panel A), PGF 2a (panel B), TXB2 (panel C) and 6-oxoPGFla 

(panel D) by Ge-MS. Two hundred ng of t~tradeuterated PGE2 , 

-
PGF

2a 
or 6-oxoPGFla and 300 ng ~f octadeùterated TXBZ were 

• • mixed with varing amount of nondeuterated linalogs ! ~B2 and 

PGF
2a 

were converted to their methyl ester, trimethylsilyl 

ether derivatives and PGE2 and ~oxoPGFla c~nverte~ to their 

methyl ester, trimethylsilyl ether, o-methyloxime derivatives, 

:' 
and quantitated by Ge-MS using selected ion monitoring on an 

~ 

LKB-9000 instrument. The ratios of peak·heights for the iQns - . 
from nondeuterated standards to those from their âeuterated 

" 
analogs were plotted aga~nst the concentrations of the non­

~ 

deuterated products (25-500 ng). 
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Table 13 

Bfosynthesis, of l.eukotrfene R .. _ 'Thromboxane 8 2 , HHT. 5-HETf and 

prostaglan'd~~s' E2 and F 2Q by pleural neutrophfl s from control and 

protefn-dèficfent rats 

Rats were fed ad libitum a 21~ (control) or a 5t (deficient) prote;n 

diet for 3 weeks. ,t'eutrophj .. m (3 x 10 7 cells' in 1 ml l. isolated from the 
. ,""- )r. 

pleural exudate of rats with carrageenan-fnduced pleurisy. were incubated 

for 5 mfn at 37°C with A231A7 (20 ait) and [l-lItC]arachidonic acid (2iJM). 
>, \ , 

1 Metabol f tes of arachidonfc acid were analyzed by HPlC or GC-MS as 

descrf~ed in the texte The data are presented as means ± S.f •• followed 

by the numbers of deterndnattons fn p~rentheses. 

Amount (~ol/ml,) 
Product . 

Contro,l, Protefn deficfent p 
o ' 

. Leukotrfene ,B .. '1690 ± 70 (Il) 1100 :1:. 60 Ut) < 0.001 

5-HETE 860 ± ISO, (13) 760 ± 130 (11 ) > 0.05 

Thromboxane, 82 260 t· 10 (5) 170 ± 10 (5) '. < 0.001 

1 HHT ' 440 ± 80 (1)) 200 :t 40 (7) < (l.02 

Prostaglandin F 2a , 100 ! 10 (3) 20 ± 2 (3) '< 0.001 
• 

Prostagl andin E 2 3 ! 0.1 (3) 2 ± 0.;1 (3) < 0.001 

, , 

" , 



Figure 24.Effect bf increaslng the concentration: of exogenous 

arachidonic ~cid on the biosyilthèsis of LTB4, TXB2;HHT a~d 

5-HETE by<_pleural neutrophi1s from control(C) and protein-
, , 7 

, deficient (PP) rats., Neutrophils (3xlO cells in l' ml) were 

incuJ>ated with Al3Ia7 (20 l1M) and unlabe~ed arachidonic, acld 

(12.5-100 lJM) for ? min at 37°C. Each d~ta p'~int ls the mean 

±S.E. of 4-6 determinstions, except for ~XB~, for which each 

point Is based on 2 determinations. 
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5.6.3. Effects of Protein-calorie Malnutrition on the Bio­
synthesis of Prostaglandlns by Rat Kidney Medulla 

The major radioactive products detected in HPLC after incubation of 
\ , 

a homogenate of rat kidney medulla with [1_14C] arachidonic acid were 

prostag1andin EZ ànd F zn. Smaller amounts 01 prostaglandin OZ' 6-oxoPGF la' 

and TXBZ were also formed (Figure Z5). The amounts of PGEZ and PGF Za 

synthesized by kidney medulla from exogenous arachidonic acid (37 ~ M) were 

measured by GC-MS. Protein deficiency reduced the biosynthesis of PGEZ and 

• PGF Z (l by this tissue by approximately 38% (Table 14). 

5.6.4. Effects of Protein-calorie Malnutrition on 
the Biosynthesis of cyclooxygenase and lip­
oxygenase-dependent products by rat spleen 

"-
The major radioactiv~ucts detected by HPLC after incubation of . 

a homogenate of spleen with ~4C] arachidonic add were prostag1and:in Oz 

and 1 Z-hydroxy-5,8, 1 0, 14-eicosatetraenoic acid (1 Z-HETE). A small amount of 

""::. 
thromboxane BZ w,as also formed (Figure 26). Protein deficiency decreased the 

conversion of arachidonic acid to PGDZ by ~9% and to 12-HETE by 65% (Table 

15). IncreasiJ}g the concentrati'ôn of arachidonic acid from 5 J..i M to 250 lJ M 

had similar effects on th~ synthesis of PGDZ and 12-HETE; the formation of 

both products was considerably decreased by protein deficiency (Figure 27). 
Î 

5.6.5. Effects of Aspirin on Arachidonic Acid Metabolism by 
/ Neutrophils from Control an<t Protein-deficient tats 

: 

The effects of aspirin on the metabolism of [1_14C] arachidonic acid 

(2 \lM) by neutrophils i5 shown in Figure 28. TPe biosynthesls of HHT and 

other cyclooxygenase-dependent products in the prostaglandin/thromboxane region 

-fI- of the chromatogram (mainly tbromboxane BZ; see Figures 20, 21) was inhibited 

by 'aspirin in a dose-dependent manner. The amounts of these products were 

98 

... , 
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F igu(e 25. High-pressure liquid radioehromatogram of the products 

synthesized by rat k~ney medulla. The homogen~te of the tissue 

( 0.1 g in l ml 0.05 M Tris buffer,pH 7.5) was incubated for 10 

min at 37°C ~itn [1-14C]arachidonic acid (0.2 ~Ci. 37 nmol) and 

the products separated by HPLC on'a eolumn of siliea with 4% 

beriz~ne/ethyl ~cetate/acetonitrlle/methanol/acetic acid (30:40: 

30:2:0.5.v/v) ~in hexane/benzene/acetic acid (50:50:0.5,v/v) for 

the Urst 20 min, followed by a linear gradient, over 40 min 

. between 4% and 10/)% benzene!ethy1 acetatè/ aeetonitrile/methanol/ 

acetic .acid (30:40:30:2:0.5. v/v) in hexane/benzene/acetic acid 

50:50:0.5:, v/v). 

... 

, 
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Table 14 

Biosynthes1s of prostaglandins F. 2 and F 2a by homogenates of kidne.v 
medulla from control and protein-deficient rats 

Homogenates of: kidney medulla (0.1 9 tissue in 0.9 ml 0.05 M Tris-Hel ~ 

pH 7.5) were i cubated for 10 min at 37·C with [l-'l.IfC]arachidonic acid 

(0.2 ~i, 37 nm 1). The pr6ducts were extracted, purified by thin-layer 

c·hromatograp~. and anëi'l)t~le,d by GC,-MS. The values are means ± S.E., 
" J"~P 

,?0110Wed b~ the numbers of 'detenninations in parentheses. 

Amount (nmol/g tissue) 
Product 

Control Protein deficient P 

Prostagland1n Ez 9.4 ± 1.1 ( 5) 5.9 ± 0.7 ( 5)- < O~05 

Prostagland1n Fza 2A,.1 ± 3.5 ( 5) 17.3 ± 2.3 (5) < 0.025 
l' 

, 
{ . 

," 

1 
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Figure 26. H1gh-pressure 1iquid radiochromatogram of produets 
? 

synthesized by spleen homogenate from a control rat. Spleen 

homogenate (0.2 g tissue in 1 ml 0.05 M Tris-HCI buffer,pH 7.5) 

was incubated for 10 min at 37°C wlth [1-14C]arachidonie aeid 

(4.~M) and the products separated by HPLC on a column of siliea 

with 4% benzene/ethy1 acetate/acetonitri1e/methanol/acetic aeid 

(30:40:30:2:0.5,v/v) in hexane/benzene/acetie aeid (50:50:0.5, 

v/v) for the Hrst 20 min, followed by a linear gradient over 

40 min between 4% and 100% benzene/ethyl' acetate/acetonitrile/ 

~ methanol/aeetic acid (30:40:30:2:0.5',v/v) ,in hexane/benzenel 

acetic aeid (50:50:0.5,v!v). , 

• 
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Table 15 

Biosynthesis of PG0 2 and 12-HETE by homogenates ~f spleen from control and 
protein-deficient rats 

Homogenates of spleen (0.15 9 tissue in 1 ml O.05M Tris-HCl buffer, 

co~tainfng O.02~1 EOTA-2Na. pH 7.5) were incubated for 10 min at 37°C wfth 

[1- 14CJarachidonfc acid (0.2 ~Ci) and uniabelled arachidonic acid (250 ~M). 

The fractfons correspondfng to prostaglandin 02 and 12-HETE were collected 

and radfoactivity measured by lfqufd scfntillation countfng. The values are 

means ± S. E. 

Product 

PG0 2 

12-HETF 

*p < 0.02 

n 

13. 

13 

control rats , 

7.62±0.93 . 
11.19 ± 1.40 

• 

prote1n-def1cfent rats 

cpm x 10-~/~ tissue 

4.63 ± 0.58* 

3.83 :f 0.66*· 

.... 

o 

. " 
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Figure 27. Effect of increasing concentrations of exogenous 
~ . 

arachid?qic ~cid on ~he biosynthesis of PCD2 nnd 12-HET~.by 

"" spleen homogenates ~rom rats fed ad 1ibit~m a 21% -.(contrbU 

and a 5% (protein-deficient) protein diet for 3 weeks, Spleen' . , 

homogenates (0.15 g of tissue ~. 1 ml 0.05 M Tris-Hel cont~ining 
. 14 ' 0.02 M EDTA-2Na., pH 7.5) were incubated with (1- Cl atac"ido~ic 

acid (0.2 lJCi) and .un1abele<\ arachidpnic acid (S-250 lJM) ,tO~ 
, \ 

10 min at 37°C.· The radioactivity of fract~ons cor~esponding 

to PGDZ and 12-HETE was measured. The formation of PGD2 ~nd 

l2 .. HETE was calculated assuming an absence of endogenou8 , 

substrate. Each data point 18 based on 2 determinations d~ne 

in duplicate. 
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Figure ,28. Effects of aspirin on arachidonic aeid metabolism 

by ~ral neutrophils from rats fed ad libitum a 217. (control) 
, . 

and a S% (protein-deficient) protein diet for 3 week~. 

Neutrophils (3xlO ~ cells in l ml ) were incuba ted for 10 ~in 
o' . 

at 37 C' with various èoncent·rations of aspirin and then for an 

additional S'min wit~ A23187 (20 uM) and [1-14C]arachidonic 

acid (2 tiM). The products werc extraeted and ana1yzed by 
~ , 

reversed-phase HPLC. LTB4• HHT and 5-HETE were quantitated on 

the basis ~f ultraviolet absorbance. The radioactivity i~ 

the prôs·taglandin and thrombox~ne fra.ction (tR 8-12 ~:J.n. cf. 
• f 

Figufe 20) was, mea.sured b~ liqu:ld scintillation counting. The 

panels on the left (a,b,c ·and cl) show the percent changes 

compalred to the basal values obtained in-the absence of 

aspirin, whereas tho~e on the fight (e. f, g and h) sh,?w the 

absolute values. Each value i9 the mesn of 2 experi~ents done . 
in duplicate. 1 C: cOlltrol;. PD: protein-deficien·t. 
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lowel' in the case of ?l'otein-;d'eficient rats ~han in the, case of· contraIs àt aU 
COll;centrations of asPirine The' concentration of ~irin, required ta inhibit the 

~' l ,r 

synthesis of cycloo*ygl!n'ase~e'pendent produ'cts by 50% of tqe maximum (IC
SO

)', 
, ,-, .. 

however,< was siini'ar iI) both grqups of rats. In contraSt tp, the inhibitoJ,"y 

efféct qf aspirin on the form~tion of cycloexygenase products, the formation 
. " , . 

of the lipoxygenase prod,:,cts,' leukotriene B4 and 5-HET?, was stimùlated in 

neutrophils from both protein-deficiept and control ,rats; this sti~ulatory effect 

was less pronouneed in preparations fr'om protein-d,e~icient than in those from 

control rats. 

5.6.6. 

.from 

. . .. 
Effeet of Indomethacîn on tbe Biosynthesill 
of Prostaglandin' b by S~en Hom~genates 
from Control- -and 'Protein eficient 'Rats 

~igure 29 sho'~s the ,effe~t of indomethacin-.oiI the biosynthe~hI of ,PGD.
2 

rt_14C] aràchidori.i~ aci~ (50 \.lM) ~ spleen'homoge~at~s. :TlJe 8ynt~~Sis 
, ' , ' ! 1 

?f.,PGDZ was inhibited by indomethacin in a dose-d~pende~t ~ann~. As with 
1 ~,: ' 

CÎspirin, ,the. forl1iation of PGDZ by spleen ho~ogenates' of ~rot~in-~eficient rats 

was si~ni!icantJy lower thàn that of controls at aIl concentrations of 

'indomethacin. At the higher concentrat'iol1S of indom~thaci.n (l'.S' ~ lO-6M and 

1 x 10-5M), the formation of lZ-HETE increased by 5-10% in both c:ontrol and 

protein-deficient rats. 
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Figure 29. Effects of indomethacin on the biosynthesis of 

prostag1andin D2 by spleen homogenates from rats fed ad libitum 

a 21% (control) and a 5% (protein-deficient) protein diet tor 

3 weeks. Spleen homogenates (0.1 g ,tissue in 1 ~l of 0.05 M 

Tris bùffer containing 0.02 M EDTA-2Na, pH 7.5) were first 

incubated fo~ 2 min at 37°C with various concentrations of 

indomethacin and then for an additiona1 10 min with [1-14C]arachidonic 
3 

aci~ (50 ~). A known amount of H-PGF2a was added (for checking 

recovery). The products were extracted and ~nalyzed by normal 

phase HPLC ( cf.Figure 26). The radioactivity ln the PGD2 fraction 

(tR 4,2-45 min, cf. Figure 26) was measured by 1iquid scintilla~ion 

counting. The bot tom panel shows the percent changes, compared_ to 
, . CI 

• basal' values obtained in the,absence of indomethacin,'whereas 

the top panel shows the absolute values. Each value Is the Mean 

of two'experiments done in duplicate. 
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6. DISCUSSION 

Although it has been recosnized that dietary protein deficiency can 

modify biological activi y, metabolism and pharmacokinetics of drugs (Boyd, 

1972; Campbell and HayeS,\1974; Krishnaswamy, 1978; Varma, 1981), sufficient 

information does not exist 0 permit any generalization about its consequ.ences 

on the pharmacology of drugs or even a specific class of drugs. Unfortunately" 

protein-calorie malnutrition (PCM) ls widespread. It therefore seemed relevant 
"': 

to study the influence of PCM on one of the worldts most commonly used 

therapeutic agents, namely salicylrs' which are' the prototype of a group of 

nonsteroidal anti-inflammat<?ry agen~r .. ioncada and Vane, 1980). The 

main purpose of this investigation was to find out if PCM alters the 
4 

anti-inflammatory activity of saH,cylate, and if so, to determine the underlying 

mechanism of such changes. 

The experimental model and the dietary regimen selected for tlte 

present study seem appropriate for several reasons. We used rats of 

approximately 5 week initial age an4A1l0-IZ5g initial body weigbt. The effects 
. \., ! 

of dietanr protein deprivation arê not only suffieiently marked in this group· of 

rats but aiso because animals belonging to this age group were found extremely 

suitable for 'aU the studi.es whicb could be anticipated in the beginning, namely 

a m easurem en t of an ti-inflam m atory act i vi ty, determ ination of 

pharmacokinetics, measurement of lysosome stability and arachidonic aeid 

metabolism. Dietary protein deprivation in much older rats does not induce 

pronounced effects (Donald et al., 1981; Boyd, 1972,; Varma, 1981). Weanling 

rats are too severely affected by dietary protein deprivation (Edozien, 1968) 

and we found in initial experiments that these animaIs were too small for some 

of the present studies (measurement of anti-inflammatory activity of drugs .and 

pharmacokinetics).. A reduction of dietary protein to approximately one-baU . 
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t~e optimum, that is to 10%, did not produce sufficient changes to permit an 

ac;:curate quantitation of differences in drug effects in these and control 

animais. A reduction of dietary protein to nearly zero level'(0.5%) produced 
. 

too severe an effect; a proportion of animals died after Z-4 weeks and the 

surviving animais were tao small to allow these studies. In 'vi~w of these 

considerations, 100-125 g male rats maintained on a 5% protein diet were used· 

in' the present study. 

The effects of dietary protein deficiency found in these studies are ln 

accordance with other reports (Boyd, 197Z; Coward et al., 1977; Mgbodile and 

Campbell, 197Z; Varma, 1979). Body weight gain, liver weight, ,hepatlc total 

and microsomal pro teins, plasma total proteins, albumin and glob';llins, were aU 

reduced in rats fed a 5% protein. diet. Because the rats fed a 10w protein diet 

consumed only approximately 60% as much food as the control rats, they 

suffereçl from bath protein and calorie deficiency (protein-calorie malnutrition, 

PCM). In an attempt to distinguish between the effects of PCM and calorie 

deficiency alone, pair-fed controis were used. As can be seen in Table 1, a 

merè restriction in calories only caused a reduction in total body weight ~d 

liver weights. Subsequent studies demonstrated that many of the changes in 

-the effects of salicylate, which were observed in protein-calorie deficient rats , 

were not found in pair-fed animals. It was therefore concluded that the. 

changes in the anti-inflammatory activity of salicylate are caused primarily by 
.. 

a defiçiency of protein rather than of calories. In view of this, mast studies 

designed to determine the mechanisms of changes found in protein-deficient 

rats did not include pair-fed con troIs. 

Central to the present study was the observation that PCM led to a . . 

signiftcant increase in the anti-inflammatory activity of salicylate. This was 

foul\d with both sodium salicylate and aspirin and in both the tests used for 
"l 

, \ 
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-the ass ay 0 f an ti-i~flammatory activity, namely a suppression of .0 

carrageenan-induced paw edema and carrageenan-induced pleurisy. A similar 

increase in the anti-inflammatory activities of indomethacin and 

oxyphenbutazone was aIso observed in protein-deficient animaIs and the ability 

of PCM to increase the anti-inflammatory and/or ulcerogenic effects of 

oxyphenbutazone and phenylbutazone has been previously reported (Varma, 1979; 
, . 

Varma, 1980c). This suggests that protein-calorie malnutrition leads to an 

increase in the anti-inflammatory activity of not only salicylates but of aIl 

nonsteroidal anti-inflammatory agents; possibly other effects such as ulcerogenic . ' 

activity are also increased by PCM. During the latter part of this discussion 

we shaH be dealing with the possible mech~ism for this common observation 

with nonsteroidal drugs. It should be mentioned, however, ~hat aU, these 

observations relate to the acut~ anti-inflammatory activity of these agents. 

Whether or not a similar increase in the chronic anti-inflammatory activities 

of nonsteroidal anti-inflammatory agents will be caused by PCM remàins to be 

~ studied. 

( 

'. As mentiotled above, these changes in the anti-inflammatory activity of 

salicylate in rats fed a low protein diet were caused primarily due ta a 

deficiency of protein and no~ of calories because no such increase was observed 

in calorie-deficient animais (pair-fed contrais). 

In order to determine the mechanism of the observed increase in the 

é?-llti-inflammatory activity of salicylate in animals fed a low protein diet, which 

as argued above suffered from both protein and c~lorie malnutrition, three 

factors, each of yvhich singly or in combination could contribute to these 

changes, were examined. These possibilities wer~: (1) pharmacokinetic changes, 

(Z) changes in the concentration ,or release of lysosomal enzymes, and (3) 

changes in the metabolism of arachidonic acid. The rationale for undertaking 
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these studies and the conclusions drawn from them are pretJented below. 

'\ 

Protein deficiency has been shown to inhibit the metabolism and alter 

the pharmacokinetics of a variety of drugs both in humans and animais (~ 

Campbell and Hayes, 1974; Krishnaswamy, 1978; Varma, 1981). Changes in 

the pharmacological effects of drugs have been attribut~ to decreases in their 

metabolism by the liver. For exàmple, toxicities of pentobarb1tof, strychnine, 

aminopyrine and zoxazolamine (Kato et al., 1968),- carbon tetrachloride (McLean -
and McLean, 1966), heptachlor (Weatherholtz et al., 1969) and Many other drugs 

, 
(Newberne et al., 1978) in protein-deprived rats were c1early related to changes 

in the metabolism of these agents. Another study showed that changes in t~e 

protein and carbohydrate co.mposition of the diet fnfluenced the 

, biotransformation of antipyrine' and theophylline in humans (Kappas et al., 

1976); a low protein diet resulted in a 50-6,0% increase and a high pl'otein diet 

caused a 35-40% decrease in the half-lives of ~tJipyrine and 'theophyiUne. 

Monckeberg (1978) reported an increase in the plasma half-life oJ sallcylic acid 

in children with severe marasmic malnutrition. Moreover, salicylates are 

extensively bound to serum albumin (Flower et' al., 1980; Levy, 1979) and it 

has been shown that PCM is associ.ated with a decrease in serum album in 

concentr'ation both in humans and rats (see Campbell and Hayes, 1974; 

~~my, 1978; Varma, 1981). A decrease in serum album in concentration 

in rats fed ad libitum a low protein diet was also observed in the present st.udy 

(Table 1). It is widely agreed that only the free fraction of a drug is available 

for biological activity and passage across biological membranes (Goldstein, 

1949); this aspect has been repeatedly emphasized by Levy (1979) in relation 

to salicylates. It was therefore consider,ed necessary to examine if the observed 

increase in ,the anti-inflë;lmmatory activity of sali~late in protein-defic~ent rats 

is due to any changes in its pharmacokineti.cs. 

.~ 
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As in hum ans, the kinetics of salicylate were dose-dependent in both 

control and protein-deficient rats. However, unlike in hum ans , the overall . ' 
elimination in rats appeared to follow a first-order rather than a zero-or der 

1 

process up to a dose of 100 mg/kg sodium salicylate. This Is similar to data 

reported by other workers (Nelson et al., 1966) and could. be attributed to the 

finding_that only appro~imately. 30% of salicylate was excreted as salicyluric 

acid. 

Protein-calotie malnutrition is generally associated with an increase in 

the plasma half-life and a decrease in the metabolism of drugs (Campbell and 

Hayes, 1974; Krishnaswamy, 1978; Varma, 1981); however, the influence of 

protein deficiency on the pharQlacokinetics of salicylate was in contrast to 

these reports. At 10- and 100 .mg/~/.do""vels, the plasma t~ was shorter 

and the clearance greater in protein-deficient than in control rats. Also at 2-

and ZOO mg/kg doses of sodium saUcylate the plasma concentrations of salicylic 

acid at aIl ti~e periods (Figures 10, Il) were lower in protein-deficient rats 

than in con trois. Because there was no difference in the volume of distribution 

between the two groups of rats, it appears that the increase in plasma 

clearancè of salicylate in protein-deficient rats is due -to an increase in its 

elimination rather than in the volume of distribution. 

The urinary data also showed that the elimination half-life of salicyl~te 
, 

was shorter in protein-deficient rats than in controls. This is consistent 'with 

the results of plasma data. A slight discrepancy in the ur'nary elimination 

half-life and plasma half-life of salicylate both in control and protein-deficient 

ani mals (T~bles 6, 7) could be attributed to the relatively long duration of 

urine-collection intervals. 

,""" 
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In order to define the mechanism for protein deficiency-:induced changes 

in the pharmacokinetics of salicylate, urinary excrétion of salicylic acid and 

its metabolites were measured. Because the urinary pH and protein 

concentration of the two groups of rats Wére similar, it ls unlikely that the 

increased urinary excretion of salicylate in protein-deficient rats was due to 

differences in tubular ionization (Flower et al., 1980) or increased excretion of 

the protein-bound moiety • 

The excretion of total salicyl glucuronides ln the two groups of rats 

was not different. We estimâted total glucuronides by hydrolysis of ur'fhary 

samples by P,-glucuronidase. It has been reported that ester glucuronides 0\ 
carboxylic acid tend to form glucuronidase resl,stant isomers, whieh is due to 

, 
the intramolecular rearrangeJDent of the ester glucuroÎlides if the samples are . . 

1 

kept at an alkaline pH prior to the hydrolysis (DUng and Wilson, 1981; Sinclair 

and Caldwell, 198Z). Because the urinary plI of the saUlples in the' present 

study was 6.4:!:,0.3 in control and 6.4.!.O.Z in protein-deficient rats, it is unlikely 

that the total sali cyl glucuronides were underestimated. Nevertheless, thts 

possibil~ty cannot be totally excluded. 

'The. present data sh6w that the increased urinary excretion of salicYlate 

in PCM rats is mainly the result of increases in the excretion of salicyluric 

acid and salicyUe acid, the former being. more important, than the latter.' In 

control ani":lals Salituric acid was excreted at a constant rate, a find~ng 

consistent with that reporte<;l by others (Nelson et al., ..1966). Hence, it was 

not possible to caIculate the rate constants of excretion and formation o~ 

salicyluric acid in control rats (Table 7). However, in protei.n-deftcient animais 

salicyluric acid excretion declined as a function of time and was significantly 

higher tban in con troIs at every time period m:easured (Figure IZ). Inasmuch 
,/ 

as salicyluric acid is readily' excreted by glomerular filtration (Nelson et al., 
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1966; Milne, 1963), the rate of its excretion could be treated as'an indication' 
, .' 

of the rate of i~s formation. It would thus appear t~at the glycine conjugation 

of salicylic acid reached a saturation level in the control but not in 

protein-deficient rats. If this assumption is correct~ one would expec\ to 
" 

demonstrate an increase in glycine conjugatio.n by \issuE;'s of protein-de)icient 

animals. 

The studies on the metabolism of sàlicylate br mitochondri~l 

prep,arations do offer direct evidence of an increàse iri' the synthesis of 

salicyluric acid in protein-deficient animals. An increase in the' activity of 

UDP-glucuronyltransferase in protein-deficient J;'ats has also been reported by 

Woodcock and Wood (1971). We prepared mitochondrial fractions accor4ing to • .... k • 

the method of Forman ~t al. ~197}j; however, we found. the conversion o'f 

salicylic acid to salicyluric acid by the kidney but' not by the li'ver 
" 10' ,. 

ftlitochondrial preparations. . On the other, hand, Forman et al. (1971) have 

demonstrated salicyiuric ~cid~synthesis by, 'beef li~er ~itochondrial preparations. 

Opr result,~~t liver is n~t an efficient "syste~ 'for the glycine 

canjugation of salicylate as has aIso been suggested by Litt~r et al. (t 957(. 

The absorption of salicylate was rather complete in bath groups of rats 

and there was no significant difference in . the relative bioavailability of • 
salicylate, as has aiso been reported for phe~ylbutazone (Varma, 1919) and 

dexamethasone (Varma and Mulay, 1980). 'r 

o 

There was no difference in the binding of saliqUe 'acid to serum 
" 

protein of control and, protein-defident rats in vivo but the biriding ta the 
, ---., 

serum of the latter group of ~tmals was significantly. less t~an, to control 

serum in vi.tro (Table 9). It is possible> that a rapfd metabolis~' or eli~ination 

of the free fraction of salicylic add' in protein"dëficlf!nt rats m~ked any 

o 
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differences in protein-bindins in, the in !!!2 situation. Assuming that the' in 
, 

vitro prolein-binding data refleet the dynamit:: situation in the whole animal, a 

low protein binding of salicylate ep';l1d have co~tributed to a higher ~inary 

excre~ion of salicylie acid hi protein-defident rats (Figure IZ). This in turh 
" -,~ 

, ' 

could contribute to a lower plasJJ)a drug concentration concomitant wîth an 
, . 

~creased delivery of the free drug to target tissues and enhanced biological 
~', . \ . 
activity. In order to test this po lisibili ty, salicylatè concentrations in s01r-J 

o 

tissues of inflamed and non-inflamed paws (Figure 13) 'and in other tissues, 

(T~ble Il) were measUl'ed; However, no difference in drug. concentratiôn in 
9f,P 

paw tissue from the two gr.oups of rats were found. This would sugge$t that 
o <li. • 

there was no significant Jncrease in the delivery .of salicylate to target tiSBues.· '" 

It seèms tha,t the dècreased binding 'of salicylate in prqtein-deficient rats ia 
o' '!". 

not a significant factor in th~· obsèrved incre~e in its antl-inflammatory. 
( . 

activities. "0 

, 

To our knowledge the only other study on the influence of malnutritjon 

On 'the pha1'tnacokinetics of salicylate ls by Monkeberg et al. (1978); the detail~ . , 
of this stut1;y arez however, not available. In contrast to our .data in rats, these 

p 

workers found that the plasma half-lite of sê\licylate .. as greater ln infants 

suffering from severe marasmic undernutrltion than I~ healthy infants; however, 
~. . 

it is apparent "from their data that absolute plasma "Concentrations of salicylat~ 

~ere lower in marasmic than ln healthy infants. The .. apparent discrepaney 
G 

between the findings of the~e worke~s and the present ,results might be due to 

species and/or, the severity and nature of malnutrit~on; severe marasmlc 

undernutntion in infants could have altered the renal function and volume o( -.LI 

distribution of salicylic acid. The present data ,lndicate that the 

pharmacokinetics of salicylate are different from those of phe~ylbutazone and 
li! 

! 
oxyphenbutazonej" the plasma half-lives of the latter two agents, were longer ';.. 

and their metabolism slower in protein-deficient than in control rats (Varma, 

. 
, " 
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1979, 1980c). 
, . 

The diff,erence could be due to the fact that the' major 

metabolic route of phenylbutazone and oxyphenbutazone, but not of s~1icylate, 
, ~ 

involves ~ydroxy:lati,on by ~icrosomal mixed-fWlction oxidases, which are 
1 

inhi'bited during protein malnu~rition (Campbell and Hayes, 1974; Varma, 1980a). , 

\ 

In conclusion, despi te a decrease ill protein salicylate binding, 

pha~gkine~ic data as a w~ole do not 'explain the observed increase in the 

effects of salicylate in protein-deficient animais. Moreover, the relationship 

between plasma concentration and drug effect 'may be more vaUd in ' 

homogene~us '(that is, between the c~ntrol ratsJ rather than in heterogeneous 

population samples (e.g. control and protein-deficient rats). 

"-

"The second aspect, or, ,the present investig~~1~~ dealing ~ith the 

mechanism of the enhanced _anti-infl~mmatory activitYL of salicylates 'in 

protein-deficient rats was to find out if this eo'uld be attributed to changes in" 

their lysosome-stabilizing effects. In order 'tb test this possibility, the 

anti-irtflammatory and lysosome-stabilizing effects of sodium salicylate and 

aspirin were measured under as shnilar conditions as possible. Other 

nonsteroidal and steroidal anti-inflammatory agents._were al80 studied for 

purposes of comparison apd ;rerification of the results with salicylate~ 

1be present results concerning the .paw, edema suppressant activities of 

oxyphenbutazone, and dexa~ethasone are _ similar to those, reported previously 

from this la~oratory (Varma, 1980c; Varrna and Mulay, 1980). Also, the' choice 

of glucuronidase as the marker' enzyme to assess lysosomaI membrane stability 
. , ~ 

Jielded results similar to those in the literature (Ign~ro, 1972; Ignarro and 
. , ~ ~-'. , 

Slywka, 197Z). -Thus the protoeol used in the present study seems 'justified. 

" 
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As menUoned in the M'ethods se~tion, an. increase in the ratio of free 

to tot~l lyso50mal ènzyme activities is indicative of ~ fmpairment of lysosomal 
r 1 

membrane i~tegrity or the labilizing eff~ct~ of a treatment. Such an . .," ... 

lmp'airment of lysosomal membrane integrity .was observed in protein-deficient 

C rats. TIlese fi:p.dings are in accordance with the r'eported increases in the ratios 

of free: to total' lysosomal enzy~e activities in nuttitionally deficient (Be~ufay 

et al., 1959) and starved rats' (Beaufay et al., 1959; Gudar e't' al., 1970). The 
, ' 

observed ,increase in the ratios, of free to, total enzym~ activities in 

pr~tein-deficient, animals reflects actual l'abilization ~f 'lysosomal membranes 

and do es not appear to' be a consequence of quantitati~e changes in tot;!l 

lysosomal, enzymes beca~e the results with both glucuronidase and aryl . . 
~ 

sulf~tase wer~ sirililar alth()ugh the f?rmer ,enzyme activity decreased and t~e 

latter increased in protein-defici,ent rats., 
,_ ' ' ' t 

, , 

Because a 'calorie restriction alone (pair-fed controle) did not and , . ' 
,~t~-ca1orie deprivation did result in ,changes in lys080m'e enzyme activities, 

" "l,' • '.. • ' 
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, " .. 
it 'can be assumed that the influence of a low~protein diet on ly~osomal enzyme f 

, . 
activities is' due primarily to' a protein' rather than a calorie deficiency. 

, 
It i$ difficult to assess the significance df changes ln' total enzyme 

activities and membranè' stél;bility of lysosomes on infl~mmatory proces~es dQ-ring 
, . 

protein-calorie n:-alnutritiO~. Assuming that lysosomal enzymes are am~ng th~' 
, . , 

mediators of inflammatory responses (Ignarro, 19'14; Weissm~, 197Z), the" 

observed decrease in lysosomal membrane integrity in protèin-defici~nt animais 

may not imply a net increase in the anlount of released enzymes. 'For 

example, an increase in membrane fra,gility ailght not result in an inC1'ease in 

net rele~ed enzyme activity because of- the decrease in total a-glucuronidase 

,activity. ' Qn the other band, the net rel~ase of arylsulfatase ~d' acid 

ph?sphatase might' increase in pl'ot~in-deficient 'animais. Because the actual 

-........ , 
• 

1 

i 



\ 

, ' 

/ 

inflammatory response as judged by an increase in paw volume foUowing 

cal'rageenan injection was not different in control and protein-deficierit anitna.ls, 

either changes in lysosomai membrane integrity did' not play any role or their 

roles were obscured by other associated changes such as a decrease in the 

metabolism of arachidonic acid. In any case, if a drug were to exert its 

anti-inflammatory activity through the inhibition of the rel~ase of lysosomal 

enzymes, it would be less effective in stabilizing a membrane already labilized 

due to dietary protein deprivation. Arguments as to whether or not lysosomal 

enzymes are involved in the action of nonsteroidal ânti-inflammatory agents 

are presented below. 

There arll only a few studies on the effects of nonsteroidal and 

steroidal anti-inflammatory agent~ on lysosomal stability in animaIs treated with 

these agents in vivo before the isolation of lysosomes (Ignarro, 197Z; Ignarro 

and Slywak, 1912; Pollock and Brown, 1971). We used the in ,vivo ~odel in 

order to relate any changes in lysosomal membrane stabUi ty to 

a,n~i-inflammatory effects of drugs. The lysosome-stabilizing effects of drugs 

were assessed on the basis of' changes in the ratio of the free to total 

t=t-glucuronidase activity. This techhique is similar to that used by other 

workers (Deter and deDuve, 1967; Guder et al., 1970; Ignarro, 1971b; Pollock 

and Brown, 1,971; Welman, 1979) for estimating the lysosome stabilizing activity . 

o~ d.rugs. In' so far a~ the membrane integrity is a determinant of the release 

of lysosoIllal enzymes, an estimate of the free as a fraction of the total 

enzyme activity seems a reasomible measure of the stability of the lysosomal 

membrane. Moreover, this technique minimizes the influence of, variability 

bt;!tween different animaIs within a group and between experiments done on 

different da,ys, as well a~ provides a simple way'of comparing drug effects in 

djffe;ent : experimental groups such as control and protein-deficient animaIs, 
\ 

. -
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The present results are qualitatively sÎInilar to previously reported data 

on the lysosome stabilizing activities of aspirin, oxyphenbutazone and 

indomethacin (Ignarro, 1972) as weIl as of dexa!Dethasone (Pollock and Brown, 

1971). However, the result~ of the present study taken as a whole do not show 
\ 

any _definite relationship between lysosome-stabilizing and paw 
, 

edema-suppressant activities of salicylates (sodium salicylate and aspirin) and 

other nonsteroidal anti-inflammatory drugs. Although aU the agents used in 

the present study, with the exception of sodium sal1cylate and aspirin at 'high 

dose levels, c.aused an inhibition of paw edema as well as a stabilization of 

lysosomes, a consistent relationship between the paw edema suppreesant and 

lysosome-stabilizing effect in control and protein-deficient animals was observed 

" 

only with dexamethasone. Sodium salicylate at a 50 mg/kg dose level was .. 
, . 

equieffective in 'stabilizing lrsosomes of liver's from control as well as 

protein-deficient animaIs, although its paw edema suppressant 'activity w.as less 

in the former than in the latter group of rats. At a ZOO mg/kg dose leveI, 

sodium salicylate as weIl as aspirin produced a labilizing effect on lysosomes; 
\ 

but caused a signific~t inhibition of paw edema' in bgth groups of rats. 

---------------Oxyphenbutazone and indomethacin wer~_equien-ëCtfve in stabilizing lysosomes 
~~ 

.., ~ 

ol liver from control ~ein-deficient animals; however, like salicylates, ------
both these agents produced a greater inhibition, of p~w edema: In 

protein-deficient rats than in controls. The lack of an apparent relationship 

between paw edema":suppressant and lysosome-s~àbi1izing effects of nonsteroidal 

an ti-inflammatory agents would suggest that stabilization of the lyaosomal 

membrane is not a major factor in their anti-inn~matory activity. Therefore, 

the tm.derlying mechanism for protein deficiency-induced increase- in the eCfects 

of salicylate must involve other .factors. Whether or not there 18 a causal 

relationship hetween the anti-inflammatory and lysosome-stabilizlng effects of 
CI 

steroidal agents cannot be established on the basis of the present study. 

Nevertheless, the results of the present study can be interprete~ to support the 

" 1 
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VièW of other workers that lysosome stabilization might be a step in the 

activity of steroidal anti-inflammatory agents (Gryglewski, 1979; Ignarro, 1974; 

Pollock and B~own, 1971; Thompson, 1979). 

To sum up the arguments advanced above, the differences in the 

anti-inflammatory activity of salicylate in control and protein-deficie~t rats 
. 

cannot be attributed to changes in the pharmacokinetics or the lysosome 

. stabilizing activity of salicylate • .. 

According to the current widely accepted view, nonsteroidal 

anti-inflammatory agents exert their effects in inhibiting the. synthesis of 

prostaglandins (Flower et al., 1980; Kuehl and Egan, '1980; Vane, 1971). In 

order to determine if ~hanges in the anti-inflammatory activity of salièylate 

in protein-deficient animaIs are a consequence of any alterations in the 

metabolism of arachidonic acid, rat pleu,ral neutrophils were used in the present 

study. NeutrophUs were selected becausè they play an important rôle in both 

amplifying and sustaining inflammatory responses and can transform arachidonic 

acid by both the 5-lipoxygenase and cyclooxygenase pathways. Some studies 

were aIso done with kidney medulla and spleen, both of which possess very high 

cyc100xygenase activity. 

The major metabolites of arachidonic acid synthesized by rat pleural 

neutrophils were identified as L TB 4' 5-HETE, HHT and TXBZ' Only small 

amounts of PGs and LTB4' isomers were detected. :t'bis is in agreement with 

reports in the literature in which- products having chromatographiç properti~s 

indenti~l to those ,of l.JB4' 5-HETE and HHT (Siegel et al., 1981) were fqund 
, 

to be released from rat neutrophils in response to stimulation with ionophore. 

'. , 

It has recently, been reported that the main lipoxygenase-dependent metabolite 

of arachidonic acid 'by swine blood leukocytes was an isomer of L'J;'B4' 55, 
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, 1 ZS-dihydroxy-(E.Z.E.Z.)- 6,8,10,14-icosatetraenoic acid, whlch 

co-chron:aatographed. with ~ TB 4 on a reverse phase HPLC column and had much 

lower bioactivity than LTB4 (Borgeat, 1981). Therefore, aIl products in. the 

present study were .identified not only- by comparison of their chromatographie 

properties with those of the standards, but aIso on the basis of their m'ass 

l!Ipectra. <. 

In view of the important roles of prostaglandins and leu~otrienes in 

various physiological and pathological processes, especially in inflammatory 

responses, 
, . 

the effects of various physiological states and drugs on the 

metabolism of arachidonic acid ha~e beell studied.. Considerable attention lias 

been recently given to the effects of alterations in dietary fatty acids on the 

biosynthesis of prostaglandins (Beitz and Forster, 1980; Nugteren et al., 1980; 

Schoene et al., 1980). However, we ar~ not aware of any studies on the 

effects of dietary protein intake on th~ metabolism of arachidonic acid. The 

daté( of this study. !eveal that dietary protei~ deficiency has considerable 

,effects on the metabolism of arachidonic acid by both cyclooxygenase and 

lipoxygenase pathways. Protein deficiency in rats resulted in an approximately 

~ 45% reduction in the synthesis of cyc1ooxygenase-derived products by 

neutrophils. Similar reductions were observed in the biosynthesis of PGEZ and 

PGF Z ex . by kidney medulla (Table 13) and of PGDZ (Table 14) by spleen 

homogenates of protein-deficient rats. 

Although the synthesis of 5-HETE, at least at' low substrate 

concentrations, was not affected by protein deficiency, LTB4 formation was 

decreased. This indicates that there was a reduction in the activity of the 

leukotriene pathway, especially in the dehydrase activity which' converts , 

5-hy~roperoxy-6,8, 11,14- eicosatetraenoic acid (5-HPETE) to LTA
4

., The 

sy~thesis of the LTB
4 

isomers (tR 21.5 and Z3.5 min, Figure ZO) was also 
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reduced in a LTB~ as a result of protein deficiency. 

: ~ecause metabolites of arachidonic aeid which are mediators of 
" 

inflammation are decreaSed by protein-calorie malnutrition, one would expect 

a decrease in the inflammatory response to appro~riate stimuli in tbis condi tion • 
.. 

However, no reduction in the inflammatory response to injections of 

càrrageenan was observed in protein-deficient animaIs;' indeed, the volume of 
" 

pleural 'ex»date per unit body weight foll~Yling carrageenan was greater in <ç-

protein-deficient than in control rats. Several factors could have contributed 

to this apparent di8crepancy. Although there 18 an overwhelming evidence that 

• - prostaglandins and Ieukotriènes iU"e mediators of' inflammatory responses, 

additionai factors aIso play a role directIy or indirectly in defining the overall 

response to an inflammatory sti~ulus (Vinegar et al., 1976, 198Z). We discussed 

above the pos8ibility of an increased release of lysosomal enzymes during . 
\ 

protein deficiency because of an impairment of lysosomal membrane integrity. 

Protein-calorie malnutrition is assod~ted with an increase in capillary 

permeability (unpublished observations), which would tend to accentuate acute 

inflammatory responses. Moreover, the response of cells to l'rostaglandins -, " 

and/or the ·interaction between prostaglandins and other autacoids might change 

during protein deficiency. Other possibilities can be speculated. It is the'refore 

possibl!! that one or more of the above factors compensate fol' the deét'eased 

metabolism of arachidonic aeid and thereby ~ermit the expression of an 

inflam matory response in a quantitatively similar fashion in protein-defieient 

and control animaIs. 

. \ 

As expected, aspirin inJlibited the formation of cyclO(~xygenase-dependent 

products of arac!lÏdonic acid by pleural neutrophils in a dose:-dependent manner, 

confirming other reports (Siegel et al., 1980). An inhibition of .. these products 

\Vas associated with an increase in lipoxygenase-derived products, presumably 

.' ' 

\ 
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due to an increase in the substrate available for ~etabolism by the uninhibited 

5-lipoxygenase pathway. Both of these effects of aspirin were influenced by 

dietary protein deficiency, so that cyc100xygenase as well as lipoxygenase-

dependent metabolites of arachidonic acid were significantly less in ~reparations 

from PCM than control rats' at all concentrations of aspirin. 

, The difference in the inhibitory effects of aspirin in control and' 

protein-deficient rats does not appear to be due to any fundamental changes 

in cyclooxygenase-aspirin interaction, but rather to a decrease in the enzyme 

activUy in protein-deficient ani,mals. ~ is indicated by the fact that the 

concentration of aspirin required to inhibit cyc1ooxygenase":dependent' metabolism . , 

'of arachidonic acid to 50% of the maximal (IC
50

) was not altered but rather 
. , 

the net production of these metabolites was reduced. A lack of difference in 

the IC SQ merely shows that there ls no difference in the actual potency of 

aspirine Moreover, a comparison of ~C50 values between the two groups of 

rats may not he justified in view of the fact t~at the maximal biosynthesis 'of 

cyc1ooxygenase-dependent products (equivalent ta maximal responses to drugsl 

were quite differe~t in the two groups of animals. 

The results with indomethacin are confirmatory to the observations 

made with aspirine For example, net biosynthesis of PGO
Z

' by spleen 

homogenates in the absence as well 3.$ in the presence of indomethacin was 

less in homogenates of spleens from protein:"deficient than control animaIs but 

. , 

the ICSO values 'of indomethacin were not altered. 

It follows from the above discussion that the main mechanism of the 

increased anti-inflammatory activity of salicylate in protein-deficient animals 

is a decrease' in cyclooxygenase-dependént products of arachidonic acid. An 

addi Uonal component in the increased effect of salicylate in protein-deficient 

\' 
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rats could be a reduction in the production of lipoxygenase-dependent 
• 

metabolites of arachidonic acid (leukotrienes). Ordinarily an inhibition-of the 

cyclooxygenase pathway leads to an increase in products formed by the 

lipoxygenase pathway. Because the latter products are also pro-inflammatory 

and. have a synergistic etfect with prostaglandins in" inducing inflammation 

(Wedmore and Williams, 1981; Higgs et é\l., 1981; Smith, 1981; Bray et al., 

1981 a; Morley et al., 1981), they tend to partially counter the 

an tt-inflammatory action of aspirin-like drugs. These lipoxygenase-dependent 

products increased following aspirin in both groups of rats but the increase was 
1 

less in prote-in-tÏeficient than, in control rats. Because the levels of 

pro-inflammatory metabolites of flrachidonic 'acid formed via both the 

"..) 

lipoxygenase and cyclooxygenase pathways are considerably lower as a result 

of protein deficiency, a sm aller amoWlt of salicylate would be required to 

reduce the levels of cyclooxygenase-dependent products below those necessary , 
for their inflammatory effects, alt~ough the IC

SO 
value of the drug is 

unaltered. 

The present study has dealt with the raIe of arachidonic acid 

metabolism in the anti-inflammatory activity of sodium salicylate and ~pirin 

in rats with protein-calorie malnutrition.' The conclusions derived from these 
1 

results could be appl\cable ta other ~pirin-like agents as well as ta other 
, . 
\ 

effects of this group of drugs. It seems "justified to attiibute- the PCM-induced 
\ 

increase in the anti-inflammatory activities of oxyphenbutazone and 

indomethacin (Yue and Varma, 1981; Varma, 1980c) and the ulcerogenic effects 

of pyloric ligation, phenylbutazone and oxyphenbutazone (Varma, 1979; Varma, 

1980c) to a decrease in the metabolism of arachidoniç acid in these animaIs. 

In summary; the present study shows that the observed increase in the 

anti-inflammatory activity of salicylate in protein-deficient animais ia caused 
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by a net deereaae in the biosynthesis of the· metabolites of arachldonic acid in 

these anima1~. 

Taking the results of tbis study as a whole, it may be concluded t11'at 

the lncreased anti-inflammatory activity of salicylate in protein-deficient 
... .. 1/ 

animaIs !s primarUy caused by a net decrease in the biosynthesis of 

pro-inflammatory metabolites of arachidonic acid, and possibly contributed by 

a decrease in its serum protein binding. 
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7. SUMMARY AND CONCLUSIONS 

1. In view of the prevalence of, pr9tein-calorie malnutrition (PCM), its 

influence on ~he' anti-inflamniatory activity of salicylate was studied in' 

male rats. .. 
z. PCM increased the anti-inflammatory aètivity (suppression of paw edema 

~ 

and pleurisy) of salicylates {sodium salicylate and aspirin~. 

3. PCM w.as associated with an increase in the metabolism and eliminatiori, 

and a decrease in the plasma concentration and serum protein binding of 

salicylate. Bence the increase in the' ;mti-inflammatory effects of 
, " ~ 

salicylat e could not be âUributed primarily to change.s in ils , 
.1 

pharmflcokinetics. 

4. PCM produced variable effects on lysosomal ~nzymes (R-glucuronidase, 

al'ylsulfatase and acid phosphatase) and decreased lysosomal membrane 

stability. Ji.. consistent relationsh~p between the anti-inflammatory and 

lysosomaI membrane stabilizing effects of aspirin-like drugs did not ~xist. 

Therefore, the PCM-induced increase in the activity of salicylate could, not 

be aUributed to changes in its effect on lysosomaI membranes. 

5. PCM d~f:reased the metaboJism of arachidonic acid by both cycloo~genase- ~ 

and lipoxygenase-dependent pathw.ays in pleural neutrophils and in other 

tissues (spleen and rénal medulla). Alt'hough the IeSO value of aspirin was 

not altered due to protein de fi ci ency, the net amount of pro-inflammatory 

arachidonic acid metabolites were significantly l~ss in preparations from 

~rotein-deficient than from control animaIs treated with aspirine BecaW(&e' 

an inhibition of cyclooxygenase-dependent metabolism of arachidonic acid 

is thought to be the underlying mechanism in the anti-inflammatory activity 

of aspirin-like drugs, it was concluded that the PCM-induced 'increase in 

the efIects of· salicylate is due to a decrease in arachidonic acid 

metabolism in protein-deficient animaIs. 
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, (,. In conclusion,. PCM increase~ the ëlnti-inflammatory activity fof salicylate, 

wblch could not_ be att~buted to changes in 'its pharnîacokinetics or ita 

effects on lysosomal membrane, ~ut to a decrease iD arachidonic acid 

metabolism. 
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