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Pentobarbital & Neuromuscular Blockers 

Amphawan Apisariyakul, et al. 

INTERACTION OF PENTOBARBITAL 

AND NEUROMUSCULAR BLOCKING DRUGS 

Ainphawan Apisariyakul* and Nuanchan Chanmahasatien** 

*Department of Pharmacology and **Division of Pharmacy, Suan Dok Hospital, 

Fa9ulty of Meaicine, Chiang Mai University, Chiang Mai 50000. 

SUMMARY 

The effect of pentobarbital sodium was studied in both rat 
phrenic nerve-hemidiaphragm and rat sciatic nerve-gastrocnemius prepar­
ations. It was found that pentobarbital produced twitch depression 
leading to a complete neuromuscular blockade. The pentobarbital-induced 
neuromuscular depression was significantly enhanced by d-tubocurarine, 
succinylcholine and hemicholinium. In chronically denervated muscle, 
pentobarbital also suppressed acetylcholine(ACh)-contracture. The mech­
anism of neuromuscular blockade produced by pentobarbital may be (a) re­
duction of ACh release from motor nerve ending or (b) decrease sensitivity 
of motor end-plate to ACh. 

Several drugs used clinically may have effect on neuromuscular 

transmission; pentobarbital is one of the barbiturates with such action. 

In man, the drug is shown to have a rapid onset of action with 1-4 hours 

duration of hypnotic effect (1). Acute intoxication of the barbiturate 

may also affect peripheral nervous system. Gross and Cullen (2) showed 

that the amplitude of stimulus-evoked and ACh-induced contraction in 

pentobarbital-anesthetized dogs were reduced. The postsynaptic action 

of barbiturates at neuromuscular junction was reported by Quilliam (3). 

The curare-like action of pentobarbital was shown in frog nerve-muscle 

preparation by Thesleff (4) and Riker et al (5). Seyama and Narahashi 

(6) proposed the presynaptic depressive action of this drug in frog 

sciatic nerve-sartorius preparation. 
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In this study, the effect of pentobarbital was investigated 

in both in vitro and in vivo nerve-muscle preparations in rats. The 

interaction of pentobarbital and some neuromuscular blocking agents were 

observed in order to elucidate possible sites and mechanism of action of 

the drug at this synapse. 

MATERIALS AND -METHODS 

Albino rats weighing about 180-250 gm of either sex were used. 

The rat was sacrificed by decapitation, hemidiaphragm segments were 

obtained with the ribs attached. Rat phrenic nerve-hemidiaphragm pre­

paration and the recording of contractile response to neurally evoked 

twitch wer~ done according to the method of Bubring (7). The directly 

evoked twitch was recorded in the presence of 5 µM d-tubocurarine. 

Rat sciatic nerve-gastrocnemius muscle for recording the 

neurally evoked contractile response in si.tu was prepared as described 

by Ridititid and Apisariyakul (8). In short, the rat was anesthetized 

with chloralose (100-120 mg/kg, i.p.). A polyethylene tube was inserted 

into the trachea. The right femoral artery was cannulated with a poly­

ethylene tube filled with heparin in isotonic saline solution (60 units/ 

ml). The inserted part of the cannula was introduced through the right 

common iliac artery to the bifurcation of the abdominal aorta. A skin 

incision was made at the mid portion of the left thigh to expose the 

sciatic nerve. A pair of threads were tied tightly to the main sciatic 

nerve about 2 mm apart. The nerve was cut between the threads in order 

to avoid any central connection. The sciatic nerve was kept moist with 

liquid paraffin. The left Achilles tendon was dissected and tied with a 

thread attached to a force displacement transducer. 

The denervated muscle for recording ACh-contracture was pre­

pared according to Eyzaguirre (9) as modified by Apisariyakul(lO). ACh 

10 µg/kg body weight was injected intra-arterially to produce ACh-cont­

racture. 
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Figure 1, Effect of pentobarbital, 2, 4 and 16 mM on the neurally 
evoked twitch in the isolated rat phrenic nerve-hemidiaphragm prepara­
tion. A, B represent. a slight twitch potentiation and gradual decrease 
in twitch amplitude, C represents a complete neuromuscular blockade. 

RESULTS 

Neuromuscular effect of pentobarbital 

The effect of pentobarbital in the dose of 2,4,16 mM was 

studied in the isolated rat phrenic nerve-hemidiaphragm preparation. 

It was found that pentobarbital 2 mM caused a slight increase in 

twitch amplitude, followed by a gradual decrease in contractile response 

and finally a complete neuromuscular depression (Figure 1). High con­

centrations (4 mM and 16 mM) of pentobarbital also produced a complete 

neuromuscular blockade. 

Similar effect of pentobarbital was observed in the sciatic 

nerve-gastrocnemius preparation in situ. 
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Interaction of pentobarbital and neuromuscular blocking agents. 

When pentobarbital 1 and 2 mM were added to the glass tissue 

bath containing d-tubocurarine, the percent twitch depressioQ was signi­

ficantly greater than control (p < 0.02,and p < 0.01) as indicated in 

Table 1. In the presence of succinylcholine, the depressive effect of 

pentobarbital 2 mM on the muscle twitch was significantly increased as 

indicated in Table 2. 

Pentobarbital 2 mM in the presence of hemicholinium (HC3), a 

drug which inhibits choline uptake and reduces acethylcholine synthesis 

(11), produce a complete neuromuscular depression whereas each drug 

alone did not produce this effect (Figure 2) . 

A 

B 

c 

.. 
p 

2 mM 

1qL 
I rr11n. 

< 
ttc3 P 2 mM 

0.0035 mM 

Figure 2. Synergistic effect of 2 mM pentobarbital (P}, and 0,0035 mM 
hemicholinium (HC3) to produce neuronuscular blockade. 
A, B: a slight decrease in twitch amplitude produced by 2 mM pentobarbi­
tal, and 0.0035 mM HC3 ; C: synergistic effect of both drugs. 
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Table 1 Comparison of the twitch depression produced by d-tubocurarine 

(d-Tc) and pentobarbital (1 rnM. and 2 mM.) in the presence of 

d-tubocurarine in the isolated rat phrenic nerve-hemidiaphragm 

preparation. 

* Dose of d-Tc 
(rnM) 

Percent twitch depression produced by 

d-Tc 
(control) 

Pentobarbital 1 mH 
after d-Tc 

Pentobarbital 2 mM 
after d-Tc 

0.0008 

0.0016 

12.6 ± 1.4 

70.l ± 5.8 

**63.8 ± 9.3 

**90.4 ± 4.3 

**82.0 ± 10.6 

**97.6 ± 2.4 

* ~1ean 0°f 6 observations at each dose. The twitch depression was 
measured at 10 minutes after addin~ d-Tc into the or~an bath. 

**Significant difference from control ( p < 0.02). 

Table 2 Interaction of succiny1choUne (SCh) and pentobarbital, 

2 mM in producing twitch depression in the isolated rat 

phrenic nerve-hemidiaphragrn preparation. 

Experiments * Percent twitch depression produced by 

1 

2 

3 

4 

5 

mean± S.E. 

SCh (0.005 rnM) 
(qontrol) 

16.7 

14.6 

24 .1 

8.3 

21.4 

17.0± 2.8 

Pentobarbital 
( 2 mf~) 

24.5 

10.0 

22.2 

21.8 

19.2 

19.5± 5.6 
** 

Pentobarbital 
(2 mM) after SCh 

85.7 

21.0 

62.9 

56.2 

28.4 

50.8± 13.0 

* Twitch depression measured at 10 minutes after adding SCh into the 
organ bath. 

** Significant difference from control (p < 0.05) 
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Figure 3. The effect of pentobarbital on ACh-contracture in the dener­
vated rat gastrocnemius muscle preparation. A: control ACh-contracture, 
B and C: pentobarbital 30 and 40 mg/kg body weight suppressed the ampli­
tude of ACh-contracture. 

Effect of pentobarbital on acetylcholine contrature. 

In the chronically denervated muscle, the muscle developed 

sensitivity to ACh (12,13). In this study, intra-arterial injection of 

ACh 10 µg/kg body weight into chronically denervated rat produced 

amplitude of muscle contracture about 10 gm as indicated in Figure 3. 

Pentobarbital in the dose of 30 and 40mg/kg body weight could abolish 

ACh-contracture. 

Comparison of neurally evoked and directly evoked twitch produced by 

pentobarbital 

After adding pentobarbital 2 mM and 4 mM into the tissue 

bath, the twitch depression of neurally evoked twitch was significantly 

greater than that of the directly evoked twitch ·(p < 0. 05) as shown in 

Figure 4. It was rhown that the twitch depressive effect ~as primarily 

due to neuromuscular depression. 
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4 mM 

Figure 4. Comparison of neurally evoked (NJ and directly evoked (DJ 
twitch depression produced by various doses of pentobarbital at 20 
minutes after adding the drug. Asterisk (*J indicates significant 
difference between neurally evoked and directly-evoked twitch (P"' 0. 05J _. 
Peak of each bar is mean of 6 observations ± S.E. 

DISCUSSION 

Several doses of pentobarbital sodium were studied in hoth 

isolated rat phrenic nerve-hemidiaphragm and rat sciatic nerve-gastroc­

nemius preparation in situ. It was found that pentobarbital in low 

dose initially produced a slight potentiation and followed by twitch 

depression, whereas in the high dose only twitch depression was observed. 

This twitch depression was en;hanced by d-tubocurarine, succinylcholine 

and hemicholinium. Thus, the site of action of this effect may be at 

the neuromuscular synapse. 

It is known that .'\Ch or succinylcholine in low concentrations 

produce a slight twitch potentiation, and relatively high doses cause 

neuro111uscular depression (14J. In this study, it was shown that the 
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twitch depression produced by pentobarbital was preceded by a slight 

increase in twitch amplitude which may be considered to be a depolari­

zing blockade of succinylcholine type; the blockade was potentiated by 

succinylcholine but not neostigmine (see also 15). 

Since the N-trimethylammonium center of the quarte:rnary ammonium 

compounds seems to be responsible mainly for the interaction of a drug on 

nicotinic cholinergic recentor at motor .endplate to produce direct 

depolarization like ACh (16, 17). Thus, direct depolarizing action of 

pentobarbital, which lack~such N-trimethylammonium center on its mole­

cule, on cholinergic receptor is not likely. 

ACh-contracture in chronically denervated muscle is a pheno­

menon indicating a postsynaptic action at neuromuscular synapse (18) 

The effect of a drug that altered contracture would be an evidence to 

elucidate possible site and mechanism of action at this synapse. In 

this study, pentobarbital suppressed ACh-contracture in chronically de­

nervated rat-gastrocnemius muscle. The suppression of pentobarbital on 

this ACh action implicates the postsynaptic action of the drug. This 

postulation was in accordance with the work of Quilliam (3) that barbi­

turate could inhibit ACh-contraction in frog nerve-muscle preparation. 

In 1970, Adam et al (19) and Thomson and Turkanis (20) also reported 

that ACh contracture was decreased by barbiturates. 

Some experimental results are not in agreement with the view 

of postsynaptic action of pentobarbital. Hubbard et al(21) and Ricker 

and Okamoto (22) reported that curare reduced the ACh release from motor 

nerve ending. In this study, neuromuscular depression by pentobarbital 

was markedly potentiated by hemicholinium, a drug that inhibifs choline 

uptake to motor nerve terminal and finally leading to the reduction of 

ACh release (23). The finding that depressive effect of pentobarbital 

on neurally evoked twitch was significantly greater than that on direc­

tly evoked twitch also implicate~ presynaptic involvement in its action. 
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In conclusion, the evidence presented in this study supports 

the postsynaptic as the primary site of action of pentobarbital in 

producing twitch depression; this may be the result of membrane altera­

tions and a decrease in sensitivity of the motor endplate to ACh. 

However, the presynaptic action, i.e. the reduction of ACh release from 

the motor nerve ending, can not be excluded. 
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SUMMARY 

All antimicrobial drugs may produce adverse and allergic re­
action. These reactions are usually minor, but occasionally, they can 
be serious and even life-threatening. However,'they can often be pre­
vented or minimized by an understanding of how they arise. Antimicro­
bial drugs may adversely affect the host directly or indirectly. 
Direct adverse effects are related to the dose and duration of drug 
therapy, and can often be correlated to their degree of selective toxi­
city. Organ specific toxicity of drugs recognized as one of serious 
drug problems. This type of toxicity is known to affect the ear, eye, 
liver, heart, blood, bone marrow, and so on. Antimicrobial drugs are 
one of the most common drug groups that cause hypersensitivity reactions. 
The penicillins are most often responsible for these reactions with 
sulfonamides raink the second. Penicillin allergy is important which 
can be anaphylaxis in highly sensitive patients. It is necessary for 
the physicians to be aware of the adverse reactions which may occur 
following antimicrobial chemotherapy, and must known how to manage them. 

Adverse drug reactions can be conveniently categorised as dose­

related, genetically-determined (idiosyncratic) and allergic. In add­

ition, drugs can exert carcinogenic and dysmorphogenic effects, while 

tolerance and dependence can also be regarded as adverse effects(l). 

Adverse reactions to antimicrobial drugs are best considered 

in relation to the various compounds prescribed. All antimicrobial 

drugs may produce adverse and allergic reactions. These reactions can 

often be prevented or minimized by an understanding of how they arise: 
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this may be related to the particuiar agent, to increase ~atient sus­

ceptibility or to interactions with other drugs (2,3). The potentially 

life-threatening reactions which should be familiar to clinicians are 

shown in Table 1. 

Table 1. Potentially life-threatening adverse reactions with anti­

microbial drugs. 

Adverse reactions 

Anaphylactic reactions 

Blood dyscrasias 

Pseudomembranous colitis 

Renal failure 

Pulmonary fibrosis 

Encephalopathy 

Liver failure 

Antimicrobial drugs 

Penicillins, Cephalosporins 

Chloramphenicol, Co-trimoxazole 

Clindamycin, Lincomycin, Cephalospo­

rins, Ampicillin, Amoxycillin 

Cephaloridine (high doses) 

Tetracyclines (except doxycycline) 

Aminoglycosides (dose-related) 

Co-trimoxazole 

Ni trofurantoin 

Penicillins (high doses) 

Tetracycline, Oxacillin, Isoniazid 

Antimicrobial agents may adversely affect the host either 

directly or indirectly (4,6). Direct adverse effects are related to 

the dose and duration of the drug therapy. The direct ·toxic effects of 

antimicrobial agents can often be correlated to their degree of selec­

tive toxicity. Indirect toxicity may result from 

a) induction of an allergic or hypersensitivity reaction fo 

which components of the immune system (antibody, activated cells com­

plement) mediate damage to host tissues, 

b) alteration of the ecological balance of 'the 'normal micro­

bial flora which facilitates superinfection or impairs epithelial 

physiology or nutrition (5,6). 
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DIRECT ADVERSE EFFECTS 

Organ specific toxicity of drugs is recognized to be a seri­

ous problem. This type of toxicity is known to affect the eye, liver, 

kidney, heart, blood, and bone marrow, as well as the ear. 

1. Ototoxicity 

There are many different classes of drugs reported to 

permanent 

produce 

deaf-ototoxicity, and the effect ranges 

ness to temporary tinnitus (7,8). 

from production of 

The drugs that are most well-known 

in this regard are the aminoglycosides, quinine and related antimala­

rials (Table 2). 

Table 2. Antimicrobial drugs reported to produce tinnitus. 

Ampicillin Kanamycin 

Amikacin Minocycline 

Chloroquine Neomycin 

Clindamycin Quinidine 

Doxycycline Streptomycin 

Erythromycin Tobramycin 

Gentamicin Vancomycin 

Hydroxychloroquine Viomycin 

All aminoglycosides are ototoxic: some principally affect 

auditory function while others damage the vestibular apparutus (Table 3) 

( 13). Ototoxicity 0ccurs in approximately 2% of treated patients and 

results from rather selective destruction of the sensory hair cells of 

the organ of Corti (7). The most sensitive cells are those in the basal 

turn of the cochlea because high frequency sounds are processed in 

this region. The initial hearing loss involves high frequency sound. 

The hair cells are incapable of regeneration so that the ototoxicity is 

permalnent. In general the magnitude of the ototoxicity is related to 
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Table 3. Toxic effects of some aminoglycosides upon the vestibular 

and auditory components of the eighth cranial nerve. 

Aminoglycoside 

Streptomycin 

Dihydrostreptomycin 

Kanamycin 

Neomycin 

Gentamicin 

Tobramycin 

Amikacin 

+ Mildly toxic 

+++++ Highly toxic 

Vestibular toxicity 

++++ 

++ 

+ 

+ 

+++ 

++ 

+ 

Auditory toxicity 

+ 

.·+++++ 

++++ 

+++++ 

+ 

+ 

++ 

both the daily dosage and the duration of therapy. Impaired renal func­

tion is the most important determinant of ototoxicity (8,10,12,14,15). 

Aminoglycoside ototoxicity is common in the very young, the 

elderly, those with pre-existing renal insufficiency or hearing loss, 

and in those who have previously received multiple courses of aminogly­

cosides. It may also be potentiated by simultaneous therapy with diure­

tics furosemide and ethacrynic acid, these drugs should be avoided 

whenever possible in patients receiving aminoglycosides (10,12,16). 

Ototoxicity is also occasionolly associated with erythromycin 

and ampicillin in very high dosage. Minocycline has been reported to 

produce temporary unsteadiness. Quinidine and other antimalarial drugs 

such as chloroquine and hydroxychloroquine can produce hearing loss and 

tinnitus. Other drugs such as nitrogen mustard, 6-aminonicotinamide, 

viomycin and vancomycin have been reported to produce .permanent oto­

toxici ty(7). 
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Nephrotoxicity is a serious clinical problem and its incidence 

is probobly increasing. Many antimicrobial drugs may impair kidney 

function or may damage renal tissues, or both (Table 4). Examples 

include the sulfonamides, aminoglycosides, amphotericin B, .rolyrnyxins, 

tetracyclines, cephalosporins, and penicillins. Nephrotoxicity of 

cephaloridine, the polyrnyxins, and the aminoglycosides has received 

the greotest attention recently. 

Table 4 Antimicrobial drugs reported to impair kidney function. 

Arninoglycosides 

Amphotericin B 

Bacitracin 

Cephaloridine 

Cephalothin 

Penicillins (high doses) 

Polyrnyxins 

Rifampicin 

Sulphonamides 

Tetracyclines (outdated) 

Vancomycin 

Sulphonamides were the first antimicrobial agents incrimina­

ted as the cause of nephrotoxicity. Precipitation of crystals of sul­

phonamides with low water solubility produced haematuria and sometimes 

renal failure (17). 

Cephaloridine and cephalothin are both nephrotoxic; cephalo­

ridine is about six times more toxic than cephalothin. Cephaloridine 

produces renal tubular cell damage with subsequent necrosis; the neph­

rotoxicity is dose-related and is likely to occur when more than 

6 g/day of the antibiotic is given to the patients with nomal renal 

function. However, in patients with renal failure smaller doses may 

be nephrotoxic (14,15,17). Administration of probenecid to animals 

appeare to protect against the nephrotoxicity of cephaloridine (18). 

Potent diuretics such as furosemide and ethacrynic acid, and the amino-
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glycosides have potentiated the nephrotoxicity of these drugs. Other 

cephalosporins such as cefuroxime, cephamandole and cefoxitin seem to 

be free of nephrotoxic effects in man (4,17). 

The aminoglycosides, including streptomycin, kanamycin, 

neomycin, gentamicin, tobramycin, and amikacin, are potentially nephro­

toxic, and this may occur in up to 20% of patients treated (2). The 

nephrotoxicity of the aminoglycosides i5 generally dose-related and 

reversible, and rarely fatal (3,4). The proximal tubular cells appeajr 

to be the primary site of the damage. The drug enters the cells by 

active reabsorption and is concentrated in the lysosomes 10 to 20 times 

more than in the serum. The drugs affect several functions, including 

glomerular filtration, proximal tubular reabsorption and concentrating 

ability, as well as causing tubular proteinuria, enzymuria,and electro­

lyte disturbances. The concentration of the aminoglycoside in renal 

tissue appears to correlate with the severity of kidney damage (12). 

The nephrotoxicity of the aminoglycosides is most likely to 

become clinically important in the presence of hypovolaemia, increasing 

age, underlying renal functional impairment, and exposure to other nep" 

hrotoxic substances, e.g., other aminoglycosides, cephalothin, and 

frusemide (10,12,17). 

·The polyrnyxins B and E (colistin) caused a dose-related im­

pairment of renal function, proximal tubular damage, and acute tubular 

necrosis (4,19). Tetracyclines, apart from doxycycline and minocycline, 

may exacerbate uraemi:a and should be avoided in patients with renal 

impairment. There is the rare reversible Fanconi-like proximal tubule 

syndrome attributed to a degr'.adation product of tetracycline, anhydro-

4-epitetracycline. Acute renal failure in association with liver fai­

lure has been reported in pregnant or postpartum women given large doses 

of tetracycline intravenously (17). Nephrotoxic effects are related.to 

the dose and severity of pre-existing renal dysfunction, and are proba­

bly due to the antianabolic effects of tetracyclines. Doxycycline is 
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probab1y the only tetracycline which may be administered to elderly or 

dehydrated patients since it is reported not to accumulate in patients 

with renal insufficiency (2). 

Very occasionally interstitial nephritis with proteinuria, 

haematuria, pyrexia and eosinophilia occurs during treatment with high 

doses of the penicillins and renal tubular damage may complicate thera­

py with rifamoicin (2). 

3. Neuromuscular blockade 

Four major groups of antibiotics are capable of inducing neu­

romuscular blockade in humans. These include (a) the aminoglycosides­

streptomycin, neomycin, kanamycin, gentamicin and tobramycin; (b) the 

polymyxins-colistin and polymyxin B, (c) the tetracyclines-oxytetracy-

Table. 5 General features of antimicrobial-induced neuromuscular 

1. 

2. 

3. 

blockade. 

Linco­
Aminoglycosides Polymyxins Tetracyclines samides 

Presynaptic effect + possible + 

Postsynaptic effect + + + + + + 

Effect on neurornuscualr 
blocking activity of: 

Competitive drugs potentiate potentiate potentiate potentiate 

Depolarizing drugs potentiate potentiate 

4. Reversibility of 
antimicrobial­
induced blockade by 

Calcium 

Anticholin-

est erase 

complete inconsistent inconsistent 

inconsistent inconsistent inconsistent partial 

(may augment) (may 
augment) 
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.cline; and (d) the lincosamides-lincomycin and clindamycin. Table 5 

summarizes the general features of the neuromuscular blockade induced 

by the four groups of antibiotics. These episodes of antibiotic-induced 

blockade almost always have been associated with concomitant use of 

other neuromuscular depressants or local instillation of the antibiotics 

or both. They have also tended to occur more frequently in patients 

with preexisiting neuromuscular disease or serum electrolyte imbalance. 

All four drug groups appear to potentiate the effects of competitive 

neuromuscualr blocking agents (4). 

The aminoglycosides can produce paralysis from neuromuscular 

block and may lead to respiratory paralysis. In "competitive hypothe­

sis", Brazil and Prado - Franceschi states that aminoglysides, like 

magnesium, compete with calcium ions and thus inhibit the prejunctional 

release of acetylcholine (ACh). They also decrease the sensitivity of 
' 

the motor end plate to the depolarizing action of AC,h, and have a 

depressant effect on denervated muscle which, unlike the presynaptic 

effect, is enhanced by calcium (20,21). 

The relative pre-and postjunctional effects of the aminogly­

cosides vary with the drug employed, the concentrations of the drugs 

and ionized calcium, and the type of the muscle preparation studied. 

A low con~entration of ionized calcium has been shown to potentiate the 

presynaptic block without affecting the postsynaptic block. In contrast, 

high concentrations of ionized calcium decrease the presynaptic compo­

nent, but enhance or not affect the postsynaptic component (21-24). 

Both the pre-and postsynaptic components of aminoglycoside­

induces blockade appear to depend upon a drug-membrane interaction 

which affects the passage of positive ions through the membrane. The 

aminoglycosides, actLng at a superficial site, decrease total calcium 

uptake and increase calcium efflux. These effects appear to result 

from decreased binding of free calcium coupled with displacement of 

bound calcium (21,25-28). 
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Polymyxins are the most potent neuromuscular blockers among 

the antibiotics. The primary effect of the polymyxins is to decrease 

the motor end plate sensitivity to ACh:. They also produce a local anes­

thetic effect equivalent to lidocaine on desheathed nerves, and depress 

the response of muscle to direct stimulation (21,29). 

Tetracyclines decrease the response of the motor end plate to 

ACh without affecting either presynaptic release of ACh or muscle res­

ponse to direct stimulation. Chelation of calcium had been proposed as 

a possible mechanism for tetracycline-induced blockade (21,29-32). 

The predominant effect of lincosamides on neuromuscular func­

tions appears to vary with the concentration employed. The two linco­

samide, lincomycin and clindamycin, vary in their abilities to produce 

certain effects. Lincomycin at low concentrations had a nerve terminal 

stimulatory effect as reflected by an increase in miniature end plate 

potential frequency (33). At moderate concentrations, lincomycin had 

depressant pre-and postsynaptic effects as shown by decreased ACh 

release, depressed miniature end plate potential amplitude, and decreased 

end plate sensitivity to directly applied ACh (33). At high concentra­

tion, lincomycin depressed muscle response to direct stimulation (34). 

Similar concentration-dependent effects were seen with clindamycin, It 

also produced a local anesthetic effect on desheathed nerve that was 

not abserved with lincomycin (34). 

4. Neurological toxicity 

A.CNS toxicity 

Neurotoxicity has been observed following the use of almost 

any penicillins; Most of the toxicity has been manifested as seizure 

disorder. Toxicity almost invariably has been associated with the very 

high serum levels following "massive" doses of the drug or continued 

administration of usual doses to patients with renal failure (6,35). 

Isoniazid may produce a variety of dose-related effects on 

the peripheral and central nervous systems (36,37). Occasionally, 
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patients develop symptoms of excitability, which may range from mild 

euphoria, irritability to general1ized seizure activity in patients with 

overdosage of isoniazid (36-38 ) . 

Cycloserine may also produce toxicity on the CNS similar to 

that of isoniazid (37,39); these include dizziness, headache, slurred 

speech, tremor, insomnia, and also potentially serious episodes of de­

pression, anxiety and psychosis. These symptoms usually disappear 

rapidly when the drug is stopped. It should not be given to patients 

with a history of epilepsy or psychiatric disease. Cycloserine-induced 

seizures may also be prevented or ameliorated by administration of large 

doses of pyridoxine (37,39). 

B. Encephalopathy 

When penicillin, polymyxin, or amphotericin B is injected 

intrathecally toxic side effects are observed (2). Penicillin may 

cause arachnoiditis and encephalopathy. Amphotericin B may induce vi­

sion,, impairment,paresthesias, and nerve palsy (foot drop). Polymyxin 

B can give rise to meningeal i.rritation (2). 

C. Optic neuritis 

The major toxicity of ethambutol is optic neuritis, first 

manifested by loss of ability to perceive green color followed by dimi­

nution of visual acuity. All patients should have regular (monthly) 

tests of visual acuity and green color vision (6,37). 

Chloramphenicol may induce optic neuritis, especially in 

c~ildren with mucoviscidosis who have been treated for prolonged 

periods. Retinal ganglion cells are lost symmetrically and optic nerve 

fibers may degenerate. Administration of large doses of B-complex 

vitamins may reversethe neuritis despite continuation of chlorampheni­

col (6) . 

D. Peripheral neuritis 

Peripheral neuropathies are generally associated with high 
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dose and/ or long term therapy of some dru_gs. to patients with renal 

impairment. The effects are usually reversible. Isoniazid occassio­

nally causes a peripheral neuropathy or pellagra-like syndrome. 

The isoniazid - induced peripheral neuritis may be prevented or reversed 

by administration of pyridoxine (37) . 

5. Hepatotoxicity 

Many antimicrobial drugs can cause hepatitis. In general, 

hepatotoxicity is most freguently encountered among those drugs that 

are metabolized or excreted by the liver. Examples include isoniazid, 

rifampin, erythromycin estolat8, tetracycline, novobiocin, nitrofuran­

toin and sulphonamides. 

Jaundice has been reported during treatment with rifampicin, 

sulphonamides and nitrofurant.oin; if it develops the drug should be 

stopped immediately (2), 

Isoniazid has been shown to cause liver function abnorrnali-

ties (10% to 20% of patients) and hepatitis (40,41). The risk of hepa­

titis is age related; the risk is eight times greater for patients 

over 65 years of age than for those under 25 (0.3% vs 2.3%). (40,42). 

Clinically, isoniazid-induced hepatitis resembles viral hepatitis; the 

onset usually begins during the first 3 months isoniazid administra­

tion. The mortality of overt isoniazid-associated hepatitis is rela­

tively high (12.3%), (38). 

Erythromycin estolate and ni trofurantai'n can produce hepatic 

cholestasis with pyrexia and eosinophi1lia (43,45). With erythromycin 

this syndrome seems to occur only when the course of treatment exceeds 

10-14 days (2), 

Tetracyclines may be injurious to the liver when administered 

in large doses orally or parenterally, especially when given intrave­

nously. Care should be taken with the uses of tetracyclines in patients 

with liver disease as acute liver failure has reported with this group 



~,,~,,lnR~,nu, 

U.A.-0.n. 2526 
24 

Adverse effects of Antimicrobial Drugs 

uttu,~ io~,nv~"~, 

of antibiotics principally in asse<::iation with intravenous administra­

tion during pregnancy or renal failure (3). 

6. Gastrointestinal toxicity 

Almost all antimicrobial agents have been implicated as 

cause of annoying but seldom life-threatening reactions such as nausea, 

vomiting, diarrhea and intestinal cramping. These reactions are usually 

dose-related and occur more frequently when a drug is administered 

orally (46). 

A. Malabsorption 

Malabsorption has been reported following oral administration 

of a variety of broad-spectrum antimicrobial agents, usually in high 

doses or for prolonged periods, or both (46,47). When given by mouth, 

the aminoglycosides, especially neomycin and paromomycin, can interfere 

with intestinal function and produce malabsorption of fat, protein, 

carbohydrate, cholesterol, carotene, glucose, lactose, sodium, calcium, 

iron, and cyanocobalamin (47). 

B. Pseudomembranous colitis 

Pseudomembranous colitis is characterized by watery diarrhea, 

abdominal pain, and fever. Stools contain mucus and leukocytes. Colo­

noscopy shows colonic and small-bowel muscosal inflammation, usually 

without uiceration. Pseudomembranous colitis may be a severe and 

potentially life-threatening complication of antimicrobial therapy 

(48). Clindamycin, lincomycin, ampicillin, tetracyclines, and chlo­

ramphenicol have been implicated in this toxicity (4). Antibiotic­

associated pseudomembranous colitis is now known to result from colo­

nization of the gut by a toxin-producing anaerobe, Clostridium diffi­

cile, but the mechanism by which antibiotic therapy induces overgrowth 

and toxin production by this organism is uncertain (49-51). 

Pseudomembranous colitis may occur up to several weeks after 

chemotherapy and its incidence after clindamycin treatment is about 

3 to 30% of patients (52). Oral therapy, increased age, and severe 
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underlying disease may promote the development of clindamycin -associ­

ated colitis. Treatment consists of discontinuation of clindamycin 

therapy and administration of fluids iDtravenouslv. Clindamycin-asso­
ciated colitis occur frequently enough-and is so serious that use of 

the drug should be restricted to patients with serious anaerobic infec­

tions outside the CNS and to patients with severe gram-positive infec­

tions who are allergic to penicillin and cephalosporin (52). 

7. Cutaneous toxicity 

A variety of cutaneous reactions have been associated with 

the use of antimicrobial agents. Most of these have been linked con­

vincingly to host-mediated hypersensitivity to the drug administered. 

Three groups of reactions may be mediated by other mechanisms: phototo­

xicity, flushing, and many of the rashes resulting from the use of 

ampicillin. 

Phototoxic reaction may occur following the use of nalidixic 

acid, the sulfonamides and the tetracyclines, especially demethylchor­

tetracycline and doxycycline (53,56). The clinical spectrum of the 

reactions ranges from mild paresthesias and abnormal sunburn to severe 

bullous eruptions with or without onycholysis and pigmentation of the 

nails. The reaction is precipitated by light in the ultraviolet 

spectrum (6) . 

Occasional patients given the polymyxins (polyxin B or colis-

tin) develop annoying, but seldom severe, flushing 

side effects suggestive of histamine release (57). 

and other subjective 

Many of these 

effects appear to have been ameliorated by administration of antihis­

tamines (57) . 

The rate of development of skin rashes is generally greater 

for patients given ampicillin than for patients given other penicillins. 

(58). The disparity in rates is even more pronounced for patients with 

underlying infectious mononucleosis (59-61). 
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The sulphonamides and nitrofurantoin can be associated with 

pulmonary eosinophill ia. The condition is normally reversibl.e but after 

repeated courses of nitrofurantoin, pulmonary fibrosis may develop, 

accompanied in some cases by hepatotoxicity and autoimmune antibody 

production (2). 

9. Haematological toxicity 

Chloramphenicol is probably better known for these adverse 

effects than any other antibiotics. It may cause serious and even fatal 

blood dyscrasias such as aplastic anaemia, thrombocytopenia and agranu­

locytosis (62). This drug should be used under strict medical supervi­

sion, preferably in the hospital as a last resort in the management of 

infections. Blood dyscrasias reported with co-trimoxazole include a 

anaemia (aplastic and haemolytic). Thrombocytopenia has been reported 

most frequently but resulted in very few deaths. Pancytopenia, agranu­

locytosis and granulocytopenia have occasionally been reported (3). 

Aplastic anemia : drug-induces aplastic anemia has a mortali­

ty of over 50%. The reaction is not related to total dosage unlike the 

dose-related and usually reversible neutropenia or thrombocytopenia. 

It is also unrelated to duration or route of administration, and usually 

begins weeks or months after treatment (62) . Aplastic anaemia follow-­

ing chloramphenicol appears to be more common in patients suffering 

from viral hepatitis (63). Other antimicrobial drugs Which can cause 

this reaction include co-trimoxazole, the sulphonamides, benzylpenicil­

lin, ampicillin and the tetracyclines (64). 

Haemolytic anaemia associated with the administration of 

sulphonamides, nitrofurantoin, nalidixic acid, chloramphenicol and 

~rimaquine, are frequently the result of glucose-6-phosphate dehydro-
' genase deficiency, Probenecid and trimethoprim can produce a similar 

condition. Since trimethoprim may not be given during pregnancy, early 

:lactation or in patients with megaloblastic bone marrow (2). 
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Chlorarnphenicol, sulfonamides, novobiocin and polymyxins can 

cause leukopenia. If leukopenia is the result of direct toxicity, 

recovery will follow either reduction in dose or cessation of adminis­

tration. However, leukopenia may be a warning sign of agranulocytosis. 

Because agranulocytosis is apparently an adverse reaction of hypersen­

sitivity and it may be irreversible, the inciting drug must be discon­

tinued (2). 

Co-trimoxazole is now the most common cause of neutropenia 

and penicillins have also implicated in this toxicity. Sulfonamides 

are commonly responsible for thrombocytopenia. The cephalosporins and 

also rifampicin may induce platelet antibodies which can lead to throm­

bocytopenia (2). 

10. Miscellaneous adverse effects on bone and teeth formation 

Deposition of tetracycline-Ca++ complexes in deciduous and 

permanent teeth causes discoloration, enamel hypoplasia and reduced 

mineralisation. Tetracyclines are also deposited in calcifying areas 

of the nails and bones. Thus administration of tetracyclines should 

be avoided during pregnancy and the first decade of life (3). 

INDIRECT TOXICITY 

1. Hypersensitivity or allergic reaction 

Antimicrobial drug are one of the most common drug groups that 

cause hypersensitivity reactions (Table 6). Alle:·gic reaction to anti­

biotic accounts for a small proportion (6%) of adverse drug reactions 

in hospitalized (52,65). The penicillins (inculding the semisynthetic 

beta-lactamase-resistant agents and ampicillin) are most often responsi­

ble for allergic reaction and then followed by the sulfonamides (inclu­

ding trimethoprim-sulfamethoxazole) and the cephalosporins. Aminogly-

cosides and tetracyclines cause allergic reaction much less 
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Table 6 Example of allergic dr~g reactions. 

Type Drugs 

Anaphylaxis 

Serum sickness 

Immune haemolytic 

anaemia 

lmmune thrombocytopenia 

Cu_taneous and systemic 

vasculitis 

Drug fever 

Interstitial nephritis 

Hepatitis 

Penicillins > Cephalosporins 

Penicillins, Sulfonamides 

Penicillin, Sulfonamides, 

Cephalothin,~ Rifampicin, Isoniazid, 

PAS, Quinidine 

Quinidine, Sulfonamides, Rifampicin 

Penicillins, Sulfonamides, 

Tetracyclines, Isoniazid 

Penicillins, Cephalosporins, 

Amphotericin B, PAS, Quinidine 

Methicillin > other penicillins 

PAS, Sulfonamides 

frequently (52,66). Penicillin allergy is important; all of the peni­

cillins including ampicillin, can produce anaphyaxis in truly allergic 

patients. 

In 0.05% of the patients treated there is an immediate reac­

tion (IgE mediated) producing anaphylaxis. In other patients there is 

a delayed reaction (IgG mediated) producing type 3 reactions such as 

serum sickness or erythema nodosum. Cephalosporins can produce similar 

reactions and up to 10% of penicillin-allergic patients will also be 

hypersensitive to the cephalosporins (2). 

Persons with history of reaction to certain antibiotic or 

class of antibiotics are particularly prone to antibiotic. allergy. 

Adults in general are more susceptible than children. There is no 

1ifference between males and females in frequency of allergic react-
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ions. Oral administration appears to be less sensitizing than is par­

enteral administration. Topical use is definitely associated with a 

high frequency of sensitization and should be avoided (52). 

Because IgE antibodies fix to skin, the likelihood of an 

immediate or accelerated reaction can be evaluated by skin testing. 

Skin testing is most useful in detecting penicillin allergy; its use in 

detecting sensitivity to other antibiotics is less well standardized. 

Skin tests for penicillin allergy may be falsely negative i~ patients 

are taking antihistamines or sympathomimetic amines or have recently 

had an anaphylactic reaction. 

Antihistamines are of some value in relieving the pruritus 

of the skin eruptions that result from sensitization (67). They are 

without effect, however, on most of the other manifestations of hyper­

sensitivity. If these become severe, the use of corticosteroids may 

be helpful, but the administration of such agents in the presence of 

active infection may be dangerous and should be avoided. Epinephrine 

is the drug of choice for acute anaphylactic reactions. 

2. Biological and metabolic alterations in the host 

This includes alterations in normal microbial flora, superin­

fections and interference with nutritional state of the host. Several 

factors have been found to play a role in the pathogenesis of superin­

fections. These are : 1) age under 3 years, 2) the presence of acute 

or chronic pulmonary disease other than tuberculosis, and 3) the spec­

trum of antibacterial activity of single or combined drugs. The more 

"broad" the effect of an antibiotic on micro-organisms, the greater is 

the possibility that a single component of the normal microflora will 

predominate and produce infection. Thus, the incidence of superinfec­

tion is lowest with penicillin G and highest with the tetracyclines 

and chloramphenicol and with mixture of broad-spectrum antibiotics. 
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The proper management of superinfections involves : . 
1. immediate discontinuation of the drug being given. 

2. culture of the suspected infected area. 

3. administration of an antimicrobial agent effective 

against the new offending organism. 

CONCLUSION 

Antimicrobial drugs are comparatively safe compounds. 

However, all of them may produce adverse effects which are usually 

minor, but occasionally they can be serious and even life-threatening. 

It is necessary for physicians to be aware of the reactions which may 

occur, and to known how to manage them. Clinicians must concern them­

selves not only with selection of appropriate antimicrobials but also 

with the adverse reactions that can result from their use. 
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DRUG-INDUCED OESOPHAGEAL LESIONS 
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Mahidol university, Bangkok 10400. 

SUMMARY 

Drugs reported to cause oesophageal problems-i.e. ulceration, 
stricture or obstruction are reviewed. Medicines that remain in or 
adhere to the oesophageal wall will cause injuries. The incidence of 
retention of solid medications in the oesophagus is double in patients 
with oesophageal abnormality. The medicine should be taken with adequate 
amount of water, not in supine position or just before bedtime. This 
adverse effect can he reduced hy both the development of safer dosage 
forms and providing the appropriate informations ahout drugs and their 
uses. 

Accidental ingestion of corrosives was for a long time recog­

nized as the only possibility of damaging the oesphagus. But now, there 

is a long list of <]Uite commonly used drugs that cause severe ulceration 

or stricture of the oesophagus in many patients. Simply because these 

drugs were swallowed without a sufficient amount of water and, generally, 

immediately hefore hed rest. When an irritant medication is held up in 

the oesophagus, oesophagitis develops which may progress 

ulceration and even stricture. The pre.senting 

and pain, usually retrosternal and often severe. 

symptoms 

Deaths 

to oesophageal 

are dysphagia 

have occurred 

from perforation or ~emorrhage. Not only the chemical and pharmaceuti­

cal properties of the drugs themselves that are responsible for these 

injuries but also other factors such as postures of patients and drin­

king volumes of liquid. 



38 
Drug - Induced Oesophageal Lesion 

n:::u;ilu <q11fli•'1ri 

DRUGS WHICH CAUSE OESOPHAGEAL PROBLEMS 

In recent years there have been many case reports concerning 

drug-induced oesophageal ulceration, stricture or obstruction in human. 

This suggests that the problem is serious and more common than is gene­

rally thought by doctors, pharmacists or patients. 

Drugs that have been reported to cause oesophageal problems 

during these few years are reviewed. 

1. Bulk Laxatives 

The hulk laxatives may easily cause obstruction to the oesop­

hagus if they are not takcm with an adequatP. amount of water. Three 

cases had been reported. The first patient took 2 teaspoons of 

a combination of hygroscopic Karaya gum, with little water (1). 

Normacol, 

The 

other two cases were caused by Angiolax, a hydrophil.ic gum lflxative, 

in which its volume increased about 7 folds after the addition of Wflter 

(2). The gum formed a clump in the oesophagus and caused symptoms of 

obstruction. The clump adhered so firmly that it could neither be 

pushed into the stomach nor removed hy suction or snare. 

So, the instruction for the administration of hydrophilic 

gum laxative should emphasize the importance of mixing an adequate 

amount of water with the preparation before taking. 

2. Co-trimoxazole 

Bjarnason and Bjornsson (3) reported a case of a patient who 

developed oesophageal ulceration after ingestion of 2 tablets of co-tri­

moxazole without food or water. They concluded that co-trimoxazole was 

the cause of the patient's illness. The ulceration might possibly 

be regarded as a nonspecific reaction to the tablets, since the drug 

had no anticholinergic effects and the pH of 1 tahlet in.2 millilitres 

of water was 6. 
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One of the most troublesome drugs that cause oesophageal 

ulceration is emepromium hromide. There were many case reports of this 

drug; all patients took the tablets with little water in the late evening 

(4~9). Uker formation was thought to he due to the prolonged passage time 

and locally d'1maginz effect of the hygrosrnpic compound in the tablet. 

Anticholinergic effect of the drug also caused dry mouth which promoted 

adherence of the tablet to the oesophagus when swallowed with too little 

water. 

4. Indomethacin 

A non-steroidal anti-inflammatory drug, indomethacin, was also 

reported as a causative agent for oesophageal ulceration and stricture 

but the incidence was not common (10,11). The mechanism of injury was 

unknown. But in case of acid-induced oesophageal injury in patient with 

low oesophageal sphinctor pressure, indomethacin treatment resulted in 

more rapid healing of the inflammation (12). The possible reason was 

that prostaglandins played an important role in the pathogenesis of acid­

induced oesophagitis and indomethacin inhibited the synthesis of these 

compounds. 

5. Liquid Caustic 

Cello et al (13) reviewed 17 patients who ingested household 

liquid caustic i.e. Drano, ammonium solution and liquid bleaching. The 

endoscopy revealed severe mucosal injury which varied from asymptomatic 

state to stricture formation or even death. 

6, Naftidrofuryl 

The oesophageal ulceration caused by naftidrofuryl in one 

patient was reported (14). The patient swallowed an evening capsule 

without water, 3 hours later developed a retrosternal pain radiated tu 

the neck, back and epigastrium. Endoscopy confirmed a mild oesophageal 

lesion at a particulary vulnerable site, 
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Walsh and Kneafsey reported a case of a patient taken pheno­

barbi tone without water and produced oesophageal injury (15). The satu­

rated solution of phenobarbitone in water is acidic in nature. They 

concluded that the tablets should be swallowed with water or dissolved 

first, particularly in patients with pre-existing oesophageal disease 

who were more liable to oesopageal injury from swallowing drugs. 

8. Potassium Chloride 

The wax-matrix slow-release potassium chloride tablet was 

introduced into the market to replace the enteric coated one that produ­

ced intestinal ulceration, hemorrhage, obstruction or even death (16). 

Al though this product was considered to be safe, gastrointestinal compl ica­

tions such as ulceration, hemorrhage, obstruction and stricture were 

reported (16-18). These complications occurred particularly when there 

was a delay in gastrointestinal transit such as narrowing of the oesopa­

gus by cardiac enlargement. 

9. Quinidine 

Five cases of quinidine-induced oesophagitis were reported in 

1980-1981 (19,20). These patients took quinidine with little water and 

this probably permitted them to remain in the oesophagus producine 

local irritation. The drug itself is also a corrosive agent. 

10. Tetracycline / Doxycycline 

Although it has been known and warned for years that tetracy­

cline and doxycycline could potentially cause oesophageal ulcer, more 

than 20 cases were published in these few years concerning this problem 

(21-26). The patients took one or more capsules without or with little 

water just before bedtime. Prolonged retention of the capsules in the 

oesophaeus was thought to cause mucosa! damage which was enhanced by a 

hiehly acidic pH of its aqueous solution (23) . 
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Clinical observations, experimental data and epidemiological 

studies suggested that there was a causal relationship between alcoholic 

abuse and oesophagitis as well as oesophageal carcinoma (27). The rea­

son was that alcoholic beverages were still almost undiluted when passing 

through the oral cavity and oesophagus. With regard to the mechanisms 

of injury, alcohol may exert its effects directly by aggressive damage 

of the mucosa or indirectly by an impairment of the defensive mechanism. 

Hence, oesophageal lesions developed rapidly and healed more slowly 

under the influence of alcohol. 

PATIENTS' FACTORS 

1. Patients at Special Risk 

Althoup:h the retention of tablets and capsules might occur in 

any pajtient, the incidence was found more than 2 folds in those with 

oesophageal abnormality (28,29). Some diseases such as hypertension and 

myocardial infarction which produced cardiac enlargement that narrowed 

the oesophagus (13) or hiatus hernia (29) would prolong the transit time 

of the drug from the oesophagus to the stomach. The increase in contact 

time between the oesophageal mucosa and irritating drugs such as quini­

dine, potassium chloride, ferrous sulfate and tetracycline would result 

in local irritation, inflammation and then ulceration (30,31). It may 

be concluded that any form of oesophageal obstruction and motility dis­

order predisposed to oesophageal injury. However,, age, sex, weight and 

body 0 ize had no influences on the oesophagus movement rate (32). 

Patients should be reminded that the risk of oesophageal 

injury may always happen with any kind of tablets or capsules. They 

should take solid medications with adequate amount of fluid and not 

just before bedtime. Patients at high risk of oesophageal retention 

should avoid solid medications whenever possible. 
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2. Effects of Patients 1 Postures and Drinking Volume 

Since 1950, Faber and Praetorius (33) showed that, for the 

most rapid absorption, tablets should he taken with an ample volume of 

liquid and the person in an upright position hefore lying down on his 

right side in order to increase the passa~e of the drug to the intestine. 

It was proved that peristalsis was greater with a wet swallow than with 

a dry swallow (34). 

In reviewing of case reports of drvg.-induced oesophageal 

lesions, almost all the patients took the medicines without or with 

small amount of fluid and just before bedtime (1-27). Thus, the medi­

cines remained in or adher~d to the oesophagus and caused troubles. 

Especially patients with oesophageal reflux taking medicines in supine 

position will get oesophagitis more frequently than those who take the 

medicines in sitting position (35). It is recommended that patients 

should remain standin.~ at least 90 seconds after taking capsnles or 

tablets, and all preparations should he taken with at least 100 millili­

tres of water to ensure rapid transfer (37,38). Evenmore, increasing 

the water volume will enhance the absorption of a poorly soluble drug, 

thus maximizing its bioavailahility (39). 

3. Effects of Temperature 

Since decreasing oesophageal movement will increase the risk 

of drug adherence to the oesophagus, one factor that affected the rate 

of perist11ltic movement is temperature (40-45). It was shown by many 

experiments that cold liquid, in comparison to room temperature liquid, 

would decrease or abolish the peristaltic amplitude and prolong the con­

traction wave in the distal oesophagus, Hot water accelerated the 

response of the oesophagus in swallowing, while cold water often delayed 

the drugs in entering the stomach and tend to pool them in the distal 

oesophagus. Some patients developed chest pain after i!Jgestion of cold 

liquid because of complete absence of motor activity in the body of the 

oesophagus (44,45). Sometimes patients prefer to drink cold rather than 
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warm water with their j!ledicines so,. they should be advised to take the 

medicines only with room temperature or warm water not with cold one 

which decreases the clearances of the medicines from the oesophagus. 

FORMULATION FACTORS 

1, Capsules 

In general, capsuLes are more likely to stick and dissolve in 

the oesophagus than tablets (29,31), Sometimes when a capsule is swall­

owed without water it can remain in the oesophagus for up to 2 hours 

without noticing of any sensation (36). Hard gelatin capsules absorb 

water and become adherent to the moist mucosa of the oesophagus if their 

passage is delayed for longer than 2 minutes (37), then their disinte­

gration will produce local irritation. It is suggested that capsules 

should be swallowed only after a lubricating water bolus, then taken 

with water and followed hy a water chasir (46) 

Pivampicillin was originally formulated in capsules which 

caused intestinal bleeding and erosion of gastric mucous membrane. No 

such reactions were observed in pivampicillin tablets (47). It was 

assumed that when tablets disintegrated, the contents spread rapidly over 

a large area, whilst capsules settled down on the mucous membrane and 

released their contents over a limited area with subsequent risk of local 

irritation. 

2. Tablets 

All tablets nowadays are forll!Ulated to disintegrate rapidly 
' 

when contact with water. This is achieved by incorporating swelling 

agents that need a small amount of water to exhibit their effects, When 

a tablet is swallowed with too little water, the hygroscopicity of the 

tablet can cause it to stick to the oesophageal mucosa resµlting in local 

irritation and ulceration. Coating tabl.ets with film which is less 

adhesive and water resistant will reduce the adhesion of tablets to the 
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The slow-release wax-matrix formulation of potassium chloride 

will provide high concentration of drug ions which cause local irrita­

tion,especially when there is an impaired gut motility The reformula­

tion microencapsulated potassium chloride is widely dispersed, thus 

minimizes the irritation of mucosa! lining (15), 

Oval tablets are easier to swallow than the round ones, 

especially when they are big; and coated tablets are easier to swallow 

than uncoated ones (38). 

Marvola et al (48) developed a method to measure the force 

needed to detach the drug from the oesophagus which may he useful in the 

formulation of products, By this method, it was shown that the force 

needed to dislodge a size 4 capsule in the oesophagus is 12 times higher 

than a sugar coated tablet, The force needed for an uncoated tablet is 

more than those for the film coated and sugar coated respectively (49). 

CONCLUSION 

Prohlems of oesophageal lesions after oral intake of certain 

drug formulations are a form of drug-induced disease. Prevention of 

this adverse effect can be done by both the development of safer dosage 

forms with less tendency to adhere to the oesophageal mucosa and provi­

ding the information about drugs and their uses. Patients should be 

advised to ~ake their medicines with an adequate amount of water, not in 

supine position and not just before bedtime. 
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format, timeliness, and geographic origin as well as our own space limitations. 
'Ve also consider subscribers' requests, citation data on the journal itself, and 
the authors published in it. Using these criteria, we did not find sufficient 
justification for covering the Thai Journal of Pharmacology at this time. 

For your information, I have enclosed an essay by Dr. Garfield that will further 
clarify our journal selection process. Also please find an ISI checklist for 
journal editors and publishers. Since we continually review our journal coverage, 
we will keep an issue on file for possible future consideration. 

Thank you for giving us the opportunity to become familiar with the Thai Journal 
of Pharmacology. I appreciate your interest in our products and hope you will 
contact me with any questions, comments, or suggestions you may have. 

Sincerely, 
' . . 

(!_ L/.J, ~((0 
---1 
_JcLJLl 

Cecelia Jane Fiscus 
Journal Liaison 

CJF/dc 

Enclosures 
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("~ DEPARTMENT OF HEALTH & HUMAN SERVICES ,,,-! 
'"""8-

Public Health Service 

National Institutes of Health 
National Library of Medicine 
Bethesda MD 20209 

November 7, 1983 

Borpit Klangkalya, Ph.D. 
Editor, Thai Journal of Pharmacology 
Department of PharmacOTogy 
Faculty of Science 
Mahidol University 
Bangkok 10400, Thailand 

Re: Thai Journal E_f Pharmacology 

Dear Dr. Klangkalya: 

Our consultants who advise us on literature selection have recently 
completed an evaluation of 70 journals. On the basis of their 
ratings, we have selected 12 titles to be indexed for Index Medicus 
and our MEDLINE data base. The above named journal was not one of 
those accepted at this time. 

The fact that this journal was not accepted does not imply any parti­
cular deficiency. It merely indicates that, in our opinion, it was 
less needed by the user community served by Index Medicus at this 
time thqn journals currently being indexed. ----srnce journals and user 
needs change with time we will reconsider a journal if requested 
after a two-year interval. 

Sincerely yours, 

( ' ( t ' .. ' x: "' < ( 

Clifford A. Bachrach, M.D. 
Editor, Index Medicus 
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'., 'l 'l: L Oiu 1tJ§mJ11'1 

iln'"'~uilLilu1u1..1n••uno\lil;niu~n;,,.,",., iuiuAn,'1•iliu1u~'l"""nul~ 

•Ut1fl,,11ilV111il,..,'!lil"tfl'> ••uuA-,,.,;1,.,;!" "''" 1uu>fuil1.1iu-j,'1~'lu Top ten uiN h11ilV'l\l 

Johns Hopkins Medical Journal ;f\li\'fi11i1'1JoLL>i• 93 ii n!T\l 1iliu1u~'!l'l'lU1..11ui!d'(3) 

i1•'iiu.i'iiil!!>l•:iii.,ilu 1~ut1ufiill'l;fl,11;,.,.,",.,.ifu1 li\l'l'l 1iluoim~\1f111tfu1 ,,;a 11i ~unuzn-:;: 

;!., : ,; il\I LLU n'iu nu~ ii 1tln'fa1u L ilili'l'lT'l!Jn i uiim:tm:if a\lflfigi-j, •iluulJl»oRil 11.iii 'tf a\liliif)lll-
"" "'"I .e -1 ' •1"' "'..I. ""' ...... - • .IS 11011 •11vilii'i1J11 •t1••'>i1'l'>UU ilo'llJ '!1U&Jl'1• L<wn ., ••a:no\lLLfl'1\l,!lYJ'(l'lfil'til •ann.-n-;"T'lUU 

dlu 

n•"> dl'uu •~uiYii'l~ diuull'l:'!ll'lilVo\l 1-i' •»'!Nil 1111iii1n-iu•'i'1rfu'-ifi91fliil ,.,,jj.,;u,u 

''""'",,'"'lnu•R•ill'l-i'11•u'lull'l:•11R•ui1•'1uuifi1,.,11,nn-j, 100 ">•un•'>(il;.,,.,1""";un~•u 

f'l1U:n..-.11n•">'l'iiu11M\l'!101'i ii 2s20 ii 7o 'l'l!lflT.,, •ilnilT'lIDo\la\l 4) 'lu•'lu->uif,i!ucn'l­

~'1"1 'Yl'l-.:l~'t'IV'lff'lill'I.; f)'l"a U'WVIUtJ-, :::u'lruR~ '3V1d-.:1 'YI~ l ;,,;.,fitil~l l "l'lii~ ~1J 'lU d'l"3ifl.,1JI fl I. f)u";J~ 1.iiu 

n'iil 1.i """"~•uil LUUilo '"'l'llil\lUIJ!lnilmi,-,;;,, .. .;-,11.;il 1i.i 

• .,&.., "" d ..... • . '... "t "' J • l! ~ "I ....... ~ 1 • .. 
"'>'lU111'll11J\l!JR'l'lUil'lU'l'>Ul1'il:'ill1'1'lil~ "'1TI'lfi'l'lL'!1i1110•'!11JIJU'10Ll'IUU~l10 (1'1\l IJfl'lU•'lil" 

~ Ai1u W° fll-, ii iJu if '1.4 u VI I \1 fl'l ":i L \1 u iJ I fl l ilfl'71'W lLil::: iJI fl \1Utl"<i ::: 111 n!LLr-itJ ~U ) flJ I ft~ ft L fiv 'l,j ll\'I fl 'l ":i tV::: 

H'lo"l!llom'iRuf'l•ouo'iRIJ!l'l~ilR'loU'il;,tiuvil"''""'" 'luR<'llJARl~IJtlil\l~•~uu ,,.,.,.,;!"~" 

11'1111u ~au hila~'l u"u •11•" 'iliu •nu '.iu 1 u;.1h1 il"iluoRu .;,.., :iitJ"l: 1u'!1un-l•"u"" n;,,.,,., -

ilo"ltj\l'iJf111;111uilnoUULRilTioUUl1d\l 'lo'lo'l!'!lil\lilU'lUUfl'l'lliJUilTI'lUIJ'l:RUfl"llJl'l;'il"l:RUUl'l'l-

ii • ' 
~11u1iiu n1-,ildt'1~'l":iUi'IUil\1 lllfi'l"1:::Vi'una-.:1 "'l:::iiuflru::: e:i1~~; L 1.1unun'l1' n1"5~~1".lim'lfl'1'11J 

;i;R~tJ il\I.,., "'" '.iufl.i,. :u; 1u '! .,la;niun-i"li'l•• ">Ill• Nil"ouiliiitiui1'ffilN""ilu1111uil"'" 1..i'{u 

L -tlu n1"iWiJ1"inr1gi ;uviti\'IM'l \'.l:?j".lf1n1 ":i vi''l v 

n~u"1~ilf.yt1'l~il\IL~il'3~~~"~~.L~IRJ.,~:::flLJIM"IUBfi'l\'.ll";j L~l;il\'IUilUiUJ'l 

11 • ha'iRIJ!'tl ii"-,,"'"'"' RilU'llR>ou'i ~ u "": /11'iil'>'l u"-iu ~J,., u ii" 1ilu n-i"l • ilu ilNil\l'lU t 11ii1 v il\l 

~ilwu 5, "" "; 'l 1'ii~u; 1 tle• '1i'hrn• :u'i 1 ul .,I dluu..,: 1 u'!1u1..1 .. .,·'lu;11n11il •., ,.,-r,, 1.i'u-inil": 

1 '1"luu11R-,,u'i 'iiu ~•uy.,.U1 uu'i1nmu•nn ililVo\lilu'i 1'11rn """ 'l u '"n'"' 'i11u-ifl•'1.,;,,,., "1111u 

'.ti il\l 111u tj" 1 ai L ,,;; ilunuiinw: 1 u!l"l: '11Afllloru 011.i-, '"loU'l'J :ilil\li'l'>'l'>!ll'l!liinfl.f \l-jon-i"l1' 

i'lu.iu11R -,,u 'i'iiu dJuii ,,-.,; I uuiJijR'>'I '111'i a U'llFl-,,u'i~ U 'l ii'u"l: "[ U'!IU .. ·il ~ID'lUii\lijfl'J'I \'ll1'iil Fl T'l 

1..1iuR: uuu1;1 "i'J R'1;11iu ""'"; 1 tJi'l• 'l'>!llo 'UUNiN'lU '.iuifuw'iil L 1Jfl'l'l1Jii ~ 'ifuu "" ~ 'iiuu 

~fil,u>f.,"1'1u.,"1u~u••nu'IJR<ou~'iivu•nil~";;"~,;,u~•uuuu~iill~:'1un•~ru1~u-,;u~ 11~au 

~-,,uj;~-,,u.iuhtu .~il~i1u1 "~".i' d:lu •u'i"u di"utium1•n•ull'lf1Au ~fil,u'l!" 1..1u-:i:1u'!1u 
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& • ,,,. @ ' .... .d "I "I "' :: Jlll!!I • ""' ... 
'ilolltJ'llflT11J!.I.," l<Hl!J 'Wo'il"""''W'mnnrn<'ilofl';!'lliilU '" •'W1'~•v1 vnu 'llO'WtJ'Wil\!flU'J, dimJm1 

in>1l!.1'3WIF1u-j,,, dlmflR'WFri•an .,.;,,,;;..~" dluu'luiinoo=wi•"w':fo ''i!odfo 'lu t'l'il." t .. ,4,N,,d-:1 
vr,,.fu 1 ua:rntm "" '" 110-.'ll'JVoflo a .. .; fi'l., '' 111'1 V'!J "" 11'1 """ ~,;,,, Tl">ilo., ii-iuann 1u:ii1 "fl'li1'1'Hn"l 

-'1' " 1' 1·1 dd"t '.Alf'..!. n;~'1LtJ'W !.l"Uo'3.,<AL-,<'il1JL"lo 1Ji1o1Jo.,TI"o1JM1J fl 1Jl'J~oU1 L.,il'31'li11J•'ilLtJ1J1J a'31'l'il:1J<UL-;;o 

l .J,,,, 11i't;j .. i'i "1 ii ~i'li 'ilu •nu '4"",f"1 fl ""i'i .... .,,,wn':' ;., .,,iJ, .. .;-,u;u,011u'l ii1n•>Jiun '·n 

1.w.1'"1" tfluumio'3w!ii'lifu i111J1.J,,,j,,,.,,1J{fl ilA '"" 11rn.J"" LLuuu; ~" d'iu"1 ~";f" '"'" 
;;,.,,,;., , i'lmh "1u '.11,;,, "" ~a•u 'ilua;;;'l! iiu;;" '., ., .. ,., 1 '1fl .-1aii1;fi'l!••nul'l"''u!l,;t'f Flu"~ :iltl'u 

illjU 'l '1ii ~, fluuu'llR•'" !l'iiff Aui.n nil'u ~>f , ilu •v•Nffu "'"'i'l"•·>1111 N•hnu'll•" 'l'.11-i "'" ;;,j.,,, "1 '1 
R-i<ml; R'll.i" Nil~ .,,,>f , iiuu.., "1u'.lJu.i1J~BolJ:fnu 1 uu ... " '"1A 'iiuv ili'l;A'J! 'tl!J LOi!J'l' nv ,,i't-j ... "" 

L nu N'1~ou'l'1u Ltil dii'h1w1 U -,,.., i1< ..,,. o ~th" L ?1'1 

floA"i'll-i Lfl'1'n"il'IU"1 

~'Vltll~V U'i'l'Vltl f'l'1G1 ~.;'i'I "'J ::11\l fl!) L fl ~'l 

2525. 

2. u~~"J n~1\'Jn~v1. ~l1v1~1"JLau1~n~-tt'l\'JL~un1;1"JvA~vn~u~~~ru. ~wv1a1"Jt~u1~n~ 

36~145-148~2526. 

3. Editorial: This is the final issue of The Johns Hopkins Medical Journal. 

Johns Hopkins Med. J. 151:263-266,1982. 

4. ~Uanl"JLIPl~tl"Ul1fldl"bb~::"J1V\'J1U'Vll\'J~'Vltl'lfl'l~IPl..;L~8~WuW1udl"Jal"J 1~vAru::::~~fl"J"J~fll"J 

n ~1llJ"J"'Jtul 5nt "J J'l "J~l "J ~'VI v1 fl1 alPI..; w~it n \'JlUflru:::: fl";j"J1J n 'l"J 'i<il v uvi \'J"l1'1 A 2 s 2 2 • 
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l t-!UllYi 1"J'l.l1n '1'1 ~~ \] l'UVl'l\J L ri~"J°iVI tll lva :::-lviu 'li'f~1GY1 -50 1 ~[JJ-iJLJ \J flufil\J l u ~1Jn 'l 11%uu ~::: l wl':iJJW; l\ln 1 i 

~fl1>if;tJ1 :::w1u\J ~1u J :::YI~ 'l\l~U.J -11trn 'l irc~n-1Lfwl'l
1

1 \J "l 

l ~8\J~~9llJ)~ 
~-----

1 . J lU\J -nl~~u (Original Art i c 1 e) l Vu 11 U\J!Ut-1~ \l1u"'J·~·u'ile:i \10l11uu l 2\J '11\JCh1 lJJ
1 

L fl u~Vl11Yi'r'l!j'un i~ \JJIJ 

n: J~i'hn~i. w-;11 W'l lrlu 

2. 11u\J lu~J'l rJ (Case Report) l W "l'l U\J ltH~~n 11flnl'!1 l u~J'l u 'l u l 4e:i\Jvl l fiuJ'li'u\Jf'fu~'Vl L 1lfl""JlY1u1 

3 . UYlflJ 1uUi'r10U (Review Art ic 1 e) l th.An -11 J-Ju J JJJ'1i'BJJ"1U ~ :::rr11J"i~1-·HUi. w l ~B\J i. fl l ~fl\J14cl\Jfl ~1\J 

~::: l 'iJUVJ ~nin-\l u1i::::tl1-:iY1ii1i.u1'11iJiiu"l 

4. unfl-i1JJvfJ1tl (General Article) fl'l'lltlun1JD"(LiflJ-11Jif1-JllJl.;1'l-..i'lul~t1\li.vi~~U\11411\J '1f\JihJ1::::-

1u'VUY;tin11 l 'l'J uun -11-atiu .,., ~u ... ;u ~1J.J·14Unu D:.:1l• :::•~'.l'IJulil-au l ;i 

s . t ·Jft1ilffltl (Point of Vi cw) t Vun 1-/l-..i1 Jru111u vi'H.Ju'l7oflYl ; ri'w "l u ,1-1J::::ENi?fqm1\J 1 n~'l!1'.JYJv1 ,_, 1tivl l rl u• 

'llu\Jf!Ufl 1 ":i t ~ t!Ufll J i.1UW-1'1Jl l nft~J~VHJI 'r'l ~Bf11.Jfl "--1 VlJ.U \J ll..l'lJD 'J"i11J'lfll.J l 11-#1\J":Yl UlU ~-\JtJ"'.i::; l Ylf!'l Yl[J 

6. -:;i~1111J1ul'h.Ju"'.i·H1.11~n-1·:i (Letter to Editor) lWfllJ"':i<iJ11r;V1~B Li.1U"2.ziti?il'I Ll°1uvfLn'u-i'l7ti\1flun1J{;i'l'IYli 

-;i 1 J a11 L n;r'IJ~Yl u1 n ~u t ~u\Jvf?!Yl:uvl'l w--; .. 1 T~11 "lf\lArn::u 'i Jru1Bn1Ju1~l\i-:;il1ru11. Yi'~~ l rluJ'llil\JVl8U'l78-i'"11 ,r{ 

Yl°1u.LJ'tJ 1 ,;:nJBlVw::-Su1 

7 . "l <>i 11W'r'lir -Jn u (Book Rev i e1-:) L liu'llfl!"J-..i·1-iruY1 ~Buii :::1...1°1vnl"-.J~civ1~w:uW~'Jr11 t-11 uth::: l Ylf!Llfl:: 1.1.J~t\1tl1::: l Ylff 

tll\Jflru::u ') '1rn1 tin l "'.i , Yiu-i 11Yi'tJJ::1u'VUl'l
1

D~~1u 

8 . u'Vlu Y"H1.l'16n 1 ·1 ( Fd i tori a 1) l Duuvifl'l'lJJYl i;h:i'llufifl l {1"1/l u 1 ~a\J\11 L n'uJ.;fl\Jtfu·".i'IJ1 Ln.r<LJlVHJI Jl j <!'l J 

l nfl''IJ":!Y1u1 'l'llBi.13.JlfllJ L fh'r'iJ~'VIU!ll}~\ltlJ::: l Ylfl1 YltJ '21\Jflru::::u1Jru·16n1 J'il:::l'i-·.r11nr1 dJu \ ~U\l"l 1 tJ 

l . 91u\:l.Uuvl ~\) i. i-i11l-..i l J(1)'1;D\J 1li l f!U9lf'l:u~JJ l~EiU 'r'l "it111"---i~\l lBf\ "l '"l~fl:uyll 1...1'11 JW1 Jl'l ~fll'\U\J~BB'w '1 ll ~ :::'il ~;tl\.11ii 

fil\l 1 tl~Yll.JW°9f Bun1 LIV1i'.l\1-..i1nviArn~,u J "Hl/1 fin -111 vl'i'1Bu )u l ~ U\.'l?l\.ln i lJlli;'J 

2 ' l ~ fl\)11i~~:uY1u ·,)-Ji i]w;N:uif~'lJ J '1ill-•'1fllJ Uli'f'll'iY1 ti-Ill V:\ltlJ::: l l'lfl1 l~ (I u f:.l::: l llu~W\1'1W~~1 € .. 1ntJJ::: t1 '11 

3 .• ;t:Jfl-,1tHi~1:::A-i1lJfi11 d;;i.;1u l ~D\J~~Yl:uTI'''vw~,11\'!1i 1lru"IJD\.'l~ l.Vuu .'/J\'Jrnu:::u11rw1fln111l.J
0

-..ii LW-:;i:::,,\D\J L~uv7u\l 

VJ JU 

4. -r-1··H:.i1Y'l1:::~-Jii11 L1r1 L ~t1\'J~lilfl1JrlL,i!J 'llu-Ju 25 uiJu"l.Yl~ Lt!uw'i'11JJnurj~J:::l!'l-l 

• 

1 . ..;]u iiUu B '1-.;i 1 ltwn 1 v1 1 v1u111 un ll:l 1 i5 'Jn f]BR1 v) ll 1 l Dun 11) 11 nu -:;i::: o;.l a \lil l ~ c:i \l U BJl 1111e!" \Jn {jt)tl rJ?i-H..1 \l ~ ::fl'i'.ln l 4 El \'J 

tzh:i ~::iwr:p1 \l i>l :::~Yl"--1\l TW'll !J\J~ l ~UWrJ~;') ui\lf1lttl 1 Yl tHl N :'.1l1B ltl\Jn flli un l -i'w l ~U\Jli l Du i JVlVfffil 'JVl'rljJ I Ll 

ti \JU ·1··Hu1Bn1 ~j "l '-ll ''H~'rlir~i~B \li>I ~·.ti'Ylu 1 Jnn i'.lnl 1 B1'il11-iiie:i ._1fl 1 ~u'\l Gri+11~· 

2 . ;'\..hllfufl-.J J91IJtiV'iYJu J 1Vffl L -i'wfl ~ \JU11Vfv1 ( 1 ~ Space) uun J :::A Ttt'll'11 f.I ~1\lfi'W u ~ :::r'ilJYl'YlU-1 l Viu 1 n-1 u1 u 

ll"J'UlJ'lJ'UlVl 15 x 20 cm.\lld llitlflJi'l-liL~'lJtll".i1lll'l1'°Y\lYlJJVl ~"lBLll\llllJ'i'lJJi1 flli l..)UU1iVfflllfl:::JJJfl9ltJW 

V: ·-1\.l 'l 1thfl~'il1n '~D\J~Qlfl:uy!l 1r11 Y"1 I J ~ 4 UVlfl ·;l:uvifh.JTilJ·-1'i11J.J 1'Lluuu~n i'r'lwfl 1-191\Jn~i-Hl ;-;ro;i::: 1 it' ~u 
n11fq·'il·11rnll1!¥!J.Jr~ l 1°,;!ffu 



3 . '1u" 1ui~u~~u11u"1u~.hu•nllhn.,i1"~1irnilft11f "d° '!!,,. ~"" 'ilm1il:'ilTI1iluf!..,'i"1u'!la"~ L f!uu 

'~""uu(SlJMMARY) t1"1ui(INTRODUCTIONJ i5n1iMntt1(METHODS) ••n11~ntt1(RESULTS) 

i,11'UN<> (DISCUSSION) ""'"1t!(CONCLUSION) •i'llTitJ"lru(ACKNOWLEDGEMENT) """ 1umniii'1"~" 
(REFERENCES) 

4 . UYlf"i"11lJU~fl'f!l.i1-1-:i1fl1 f11'Ja~1\]';I ll.ltiiflu?i'-.:itl ~a\ ~~\l fl·EHlfl:::a{l1trufl'Yli\l1U"lJil\1~ l ~U\J l :ifCJ'JJa U'YltJiLli'I::: 

'lfo L ~"''('ii" 1,;,iff•lfnttru:) umqi.J ei'llDU"lru """ L una1,.)1"h 

5 • U'Vlf1'11J.Ji-i 1 ti l '191fff!U 'il~l'llJ 1uth1u "j "H111Gn1, LL$1:::\J'YIU 'i "'HU1~n 11 1.J-iifrviir-:i'linn1, L t'Juu Ll~:::"El1"11\-ll 

n1151"~"""""°'"'1t;m~ (BIBLIOGRAPHY "1~U READING LIST) i\1,; 
6. Luna11fl1'J~\1 l~l~1:::uu~-iLt1"llL~tJ\1"1u~i~un11D1'Jff'JluLd'aL~tl'J 

n11fl1\1n'JLDna11'il1nJ11a11 fi1fl~D~L~uu1JLfiU 4 flUl;L~tJU~fl~fiflU fi1fl~a~L~UULfiU 4 flU 

,;L~UU~'EJLUYi1::: 3 f1WLL1fi 11~11Jo;i'Jufli LLtl:::flru:::(et'al) LLt1:::lli~11t1'1?i\Jfl'Jd' 

Ila"~"~",;", lfn>11uu'i1u.Ju ('!lu'i1"''iluwtiium>111"1u ""''~""-'ilu.Jw '!full~•) 'i!uL~M 'iluo1i<l11 

('11''H;i1J11f'd1~\ln'}1!ti.;1i.-iJ'lJ'ClUti'il11J Index Medic.us ) L~1Ji'! 'l'lti1u1n-Y1ti1q11Vi'1u, {] ~\l4rJ'ClU1\l 

u~111i ni1\l"~u1. uviu1vivi1\JR~,,~u1V'Cl\l Opioid peptides lLfl=n11~11J,1J~1n~a~E\l Naloxone. 

J1J~11lfi~~~VlU1 3:85-93, 2524. 

Nelson,J.A. and Nechay,B.R. Interaction of ouabain and K+ in vivo with respect 

to renal adenosine triphosphatase and Na+ reabsorption. J. Pharmacol. Exp. Ther. 

I7a:558-562, 1971. 

Andcn,N.E., Corrodi,H., Fuxe,K., et al. Evidence for central noradrenaline 

receptor stimulation by clonidinc. Life Sci. 9:513-523, 1970. 

n1iD1\l~\JY1U\l~'Cl~\llfilu~11fliXu~\lfl 

Costa,E. and Trabucchi,M. Editors: Neural Peptides and Neuronal Communication. 

Advance in Biochemical Psychopharmacology, Volume 22, Raven Press, New York, 1980. 

n,, fl, \ln\luvi 'l Wl-'li!'1 ~fl ~11 fl 01?fu ?f \ld' 

Jaffe,J.H. and Martin,W.R. Opioid analgesics and antagonist. In: The Pharmacol­

ogical Basis of Therapeutics, 6th edition, ed. by A.G.Gilman, L.S.Goodman and 

A.Gilman, pp. 494-534, MacMillan Publishing Co., Inc., New York, 1980. 

7. VI 11, \] ll~= /'l'liffl ·rtJtJj :::nuun11~Yl1J.,.;l'l 1r:ilJfl.,1'Uflu1 u f!l 1ll1n·iu~"l u l of) l ~tl\JVl 1J..iviiul'\W'\lfl,Ja\Jn1 ".i 1\J ~ "ZJtJU 

flJ J ~ 'i!t1u; 1 u11!Jnflw L ~tJuuun 1::: Vl1lt"ll11tJ LJ,\l?f tU~ 'ltJFr11 L Uu 1thl11V1°1uun, :::'111'1:tEU
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Pure Anxiolytic 
Optimum Alertness 

B-OEP/ TRX- Ol -4 0 -83 

()~ LABORATOIRES CUN- MIDY 

~G Sanofi Pharma International 20. Rue des Fosses Saint-Jacques 75240 PARIS Cedex 05 
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a inajor first line antiepileptic drug 
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