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Preface ________________________ __ i 

UNIT I discusses antibiotics. We lake a look at some of the hi story behind the antibiotic, general 
theori es of anti microbial therapy and the spec ifi cs behind the ant ibiotics that we all see day in and day 
out. 

Unit 2 covers miscellaneous drugs. These may be drugs that you don't dispen se too of len. or maybe 
not at all . We look into antimalarials, anthc lmintics. and anti vira ls. After those, we' ll examine an 
entirely new topic. never before covered in our career development course, herbal medications. We' ll 
cover some of the most commonl y used herba ls and look at how they may interact with prescription 
medications. 

The use of a name of any spec ific manufacturer. commercial product, commodity. or service in this 
publ ication does not imply endorsement by the Ai r Force . 

To get a response to you r questi ons concerning subject mailer in this course, or to point out technical 
errors you find in the text , unit review exercises, or course examination call or write the author using 
the contac t information on the inside front cover of thi s volume. 

NOTE: Do not use the IDEA Program 10 submit corrections for printing or typographical errors. 

Consult your educat ion officer, trai ning officer. or NCOIC if you have quest ions on course 
e nroll ment or admini stration. Your Key 10 a Successful Course. and irregularities (possible scoring 
e rrors, printing errors, etc.) on the unit review exerc ises and course exami nation. Send questions these 
people cannOI answer 10 AFIADUDOJ. 50 South Turner Blvd. Maxwell AFB. Gunter Annex AL 
36 11 8-5643. on ECI Form 17. Student Request for Assistance. 

Thi s volume is valued at 9 hours and 3 poi nts. 

, 
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In Ihi s volume, the subject matter is di vided into self-contained units. A unit menu begins each unit, 
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study the section, answer the self-test questions. and compare your answers with those given at the 
end of the unit. Then do the unit review exercises. 
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ANTIMICROBIAL dru gs are chemical substances thai either ki ll mi croorgan isms or prevent 
their growth . These drugs are commonly referred to as antibiotics. Due to the large number of 
these drugs, they are broken down into different categories. Th is unit discusses several 

different types of ant ibiotics before moving on to some misce llaneous therapies that didn 't quite fit 
into the specific systems that we covered. Along with this, we' ll di ve into the new area of herbal 
medications. All drugs are presented with their Federal Drug Administration (FDA) approved 
indications. drug interactions, contraindic3ti ons, and patient information. Of course, I'll be trying to 
break down the mechanism of action into terms that we all can understand . Now, on to the antibiotics! 
But before di ving into them, we need to have a .background on antimicrobial therapy. 

1-1. Antibiotic Drugs 
Antibiotics are chemica l compounds produced as a result of the metabolic acti vities of living cells. 
and which inhibit. in very low concentrations. the growth of microorgani sms. Tooay, most of these 
compounds are either partially or entirely prepared synthetical ly. Antibiotics differ marked ly in 
physical, chemica l, and pharmacological properties; antibacterial spectra; and mechanisms of action. 

This unil will cover the penici llins, cephalosporin s, macrolides, tetracyclines, sulfonamides, 
flu oroquinol ones. aminoglycosides, and urinary anti -infectives. To make our discussion of the 
separate antibiotic classifica tions more understandable. we' ll start the unit off with a brief di scuss ion 
of antimicrobial therapy. 

800. Antimicrobial action 
The goal of anti mic robial therapy is to destroy or suppress the growth of infecti ng microorganisms so 
that the body's normal defense mechanisms can gain control of the infection. resulting in a cure. In 
order to exert their effects. an timicrobial agen ts must first ga in access to certain sites of action or 
"target" si tes. Usuall y. this is accompli shed by drug absorption into and distribution via the 
circulatory system. Sometimes. as in the case of infecti ons of the skin and eyes, local application to 
the infected area may be necessary. An antimicrobial dru g's effect depends upon it s mechanism of 
action. Once an antimicrobial agent reaches it s target, it can ha ve bacteriostatic or bactericidal effects. 
dependi ng on that mec hanism of action. 

Bacteriostatic and bactericidal agents 
Bacteriostatic agents inhibit bacterial growth , allowing the host (body) defense mechani sms 
additional time to remove the invading microorgan isms. Bactericidal agents. on the other hand. cause 
bacterial cell death . T his categorization, however, is not always valid . In so me cases, an antimicrobial 
agent may ha ve either effect, depending on the dose administered and the concentration achieved at 
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its site of action . Tetracycline. for example, is generally bacteriostatic but may be bacteric idal in high 
concentrations. 

Normall y, antimicrobial agents may exert their bacteriostatic or bacteric idal effects in onc of four 
ways: 

I. Inhibition of bacterial cell wall sy nthesis. 

2. Disruption or alteration of bacterial membrane permeability. 

3. Inhibition of protein sy nthesis. 

4. Inhibition of sy nthesis of essential metabolites. 

Antimicrobial acti vity 
Another classification method is based on the characteri stics of the bacteria. Bacteria are di vided into 
two distinct groups, gram-pos iti ve and gram-negative. This classification refers to how the bacteria 
react when a staining dye is applied to it . 1f the bacteria have a defined cell wall, it becomes dyed and 
is clearly visible under mi croscopic examinalion, gram-posi tive . If the cell doesn' t have a defi ned 
wall, there is no visible pattern in the dye , gram-negative . Cenai n groups of antibiotics are primaril y 
effecti ve against "gram-positive" bacteria while other drugs are primaril y effective against "gram­
negati ve" bacterial types. If an antibiotic is effecti ve only against one type, gram-positi ve or gram­
negali ve, it is said to have a relativel y "narrow spectrum" of activity. Still others may be considered 
"broad-spectrum" dru gs that effect both gram-positive and gram-negati ve bacteria. As always, there 
are exceptions to the rules for these drugs. Still they do help in remembering the antimicrobial 
spectrum of each drug. 

Pharmacokinetic and' host factors 
Although the knowledge that an antibiotic is active against the infectin g microorganism is critical, it 
is not the only factor to be considered. Successful antirrUcrobial therapy depends upon achieving 
inhibitory or bactericidal acti vity at the site of infection without significant toxicity to the host 
(patient). To accompli sh thi s, several pharmacokinetic and host factors must be conside red . These 
factors include infection location , drug penetration, and elimination rate. The location of the infection 
may, to a large extent, dictate the choice of dru g and route of administration. Penetration of drugs into 
infected areas almost always depends on passive infusion . The rate of penetration is proportional to 
the concentralion of free drug in the plasma or extracellular fluid . Drugs that are extensive ly bound to 
protein do not penetrate to the extent as those that are lesser bound. Knowledge of the drug's route of 
elimination is also essential. T his is especially true when excessive plasma or ti ssue concentration of 
the drug may cause toxicity. 

In addition to the pharmacokinetic factors , certain host factors must also be considered before 
initiating antimicrobial therapy. Host factors that alter the response of the infection and therapy 
include: 

1. T he patient ' sage. 

2. Other diseases. 

3. Organ impairment/insufficiency. 

4. Pregnancy. 

5. Allergies. 

6. Other concomitant drug therapy. 

While there is much, much more additional material penaining to antimicrobial therapy, thi s 
in formation should give you a decent background fo r the rest of this unit. So. with that said. let' s 
begin our di scuss ion of antibiotics. We'll start with the penicillins, since they are the historical 
prototype, and cephalospori ns, si nce they are closely related to the penicillins. 
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Penic illin wns the first antibiotic to be produced commerc ia lly and slill assumes a posit ion of major 
importance among antibiotics. Penicillins were the first true antibi ot ic age nts isolated and used by 
manki nd against bacleria. Discovered in 1928 and introduced into cli nical practice in 1941. the 
pen ici llins const itute a large group of ant imic robial agcnls that remai n among the most effecti ve and 
least toxic o f all available antimicrobial s. 

Penici llins can be di vided into four groups based principally o n their spectra of acti vity: 

I . Natu ra l penicillins. 

2. Peni ci llinase·resistam penicillins. 

3. Ami nopenici llins. 

4. Ex te nded spectrum penicillins. 

Penic illi ns work prett y wel l, ho~ever the bacteria try to fight back. A vital part o f the pen ic illin 
molecu le is it s "beta·lactam ring." Some bacteria produce the e nzy me beta· lactamase that breaks the 
beta· lactam ring of the penicilli n, rendering it useless. Penic illins have then needed to be augmented . 
Severa l pe nic ill ins are ava ilable in combination with agents that inact ivate the beta·lactamase 
e nzymes and ex tend (he ant ibiotic spectrum 10 include many bacteria normally res istant to the 
anlibiot ic. The available combi nations include: 

I . Ampici ll inlsulbactam. 

2. Amoxici llinJ potassiu m clavulanate . 

3-. Ticarc illi nJpotass ium clavul anate. 

4 . Pipcracil linJtazobactam. 

The mec hani sm of action of pen ici llins is the interfe rence with bacterial cell wall formation. They are 
bactericida l for a wide variety of gram-pos itive and some gra m· negative organ isms, requiring acti ve ly 
growing ce ll s to be effecti ve. If penicillins are used concomitantly with bacteri ostatic antibiotics, the 
effectiveness of the penic illin is decreased or destroyed. 

Penicillin 's ora l absorption is unpredictable. It's altered by foods and is li mited by gastric acidity . 
Penici llin is excreted by the kidneys fairl y rapidl y. Concomitant probenec id admini stration blocks the 
tubular tran sport of penic illin resulting in higher and prolonged blood levels. Despite their 
unquesti oned va lue, the penic illins do have some di stinct d isadvan tages: 

I . They are readi ly destroyed by gastric acid , making absorption unpredictable. 

2. They are c haracterized by a re latively hi gh incidence of allergic reactions. 

3. T hey have a somewhat limited antibacteri al spectrum, especiall y in gram-negative infections. 

The second point from above warrants a litt le more coverage. A ll ergic reactions to penici llin are a 
s ignificant problem. In fact. these reactions are probab ly the most common type of drug allergy . 
Acu te anaphylac tic reactions constitute the most important immediate danger assoc iated with the use 
o f pe nicill in. A mong all o f the antimicrobial dru gs. the penici llins are most orten responsible for 
anaphy laxis. Although the most common manifestation of this allergic response is skin rash, it is 
estimated that several hund red people d ie each year in the United States from penic illin-i nduced 
anaphy laxis. 
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The following table lists Ihe avai lable penici llins, their route of administration and the effects of food 
intake on the drug. Dosages are nOI listed because each di sease slate may require different and 
numerous dosages to clear the infection. 

Drug Route of Administration Penicillinase May be taken with meals 
Resistant 

Natural Penicillins 

Penicillin G 1M and IV no NA 

Penicillin V Oral no ves 

Penicillinase Resistant 

Cloxacillin Oral I yes no 
DicJoxaciliin Oral ves no 
Nafeill in 1M, IV, and Oral es no 

Oxacillin 1M, IV , and Oral Yes no 

Aminopenicillins 

Amoxicillin Oral no ves 

Amoxicillin wilh 
potassium Oral yes yes 
clavulanate 

Ampicillin IM, IV and Oral no no 
Ampicillin with 1M and IV yes NA 
sulbaclam 

6acampicill in Oral no ves 

Extended Spectrum 

Carbenicillin Oral no no 
Mezlociltin 1M and IV no NA 
Piperacillin 1M and IV no NA 

PiperaciUin with 
tasobactam IV yes NA 
sodium 

Ticarcillin 1M and IV no NA 

TicarciUin with 
potassium IV yes NA 
clavulanate 

Indications 
Oral penici lli ns are generally indicated in the treatment of mi ldly to moderately severe infections 
caused by penicil lin-sensiti ve microorgani sms. 

Parenteral penici llins are ind icated in patients with severe infec ti on or when there is nausea, vomiting, 
gastric dilatation, cardiospasm or intestinal hypcrmotility. Parenteral aqueous penici lli n G (e.g., 
potassium, sodium) is the dosage fo rm of choice in seve re infections caused by penicillin-sensitive 
microorgani sms when rapid and hi gh penicillin se rum leve ls are required. 

Contrailldications 
Penicillins are contraindicated in pat ients with a history of hypersensiti vity to penicill ins, 
cephaJosporins, or other beta lactamase inhi bitors. 

• 
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Warnings 

Serious and occasionally fatal immediate hypersensitivity reactions have occurred. The incidence of 
anaphylactic shock is between 0.015 percent and 0.04 percen!. Anaphylactic shock resuhing in death 
has occurred in approx imate ly 0.002 percent of the patients treated. Alt hough anaphylaxis is more 
frequent follow ing parenteral therapy, it may occu r wi th oral use. Accelerated reactions (i ncluding 
un icaria and laryngeal edema) and delayed reactions (e.g .• serum sickness·like reactions) may also 
occur. These react ions are likely to be immed iate and severe in penici llin-sensitive individuals with a 
hi story of alopic conditions. 

Individuals wi th a history of penici llin hypersensitivity have experienced severe reactions when 
treated with a cephalosporin. The incidence of cross·allergenicity between penici llins and 
cephalosporins is estimated to range from 5 percent to 16 percent. 

Pregllallcy 

Penic illins cross the placenta. There are no adequate studies in pregnant women though . Penicillin is 
therefore in pregnancy category B. 

Lactatioll 

Penicillins are excreted in breast milk in low concentrations. Their use may cause diarrhea. 
candidiasis, or allergic response in the nursing infant. Ampici ll in use by nursing mothers may lead to 
sensitization of infant s; therefore make a decision to di scontinue nursing or to discontinue ampicillin. 
taking into account the importance of the drug to the mother. 

Drug interactions 
The fo llowing table li sts the drug interactions wi th penici llin s. When a specific penic illin is affected it 
wi ll be put into parenthesis. 

Drua Interaction 

Anticoagulants Large IV doses of penicillins can increase bleeding risks of anticoagulants by 
nrolonnino bleedino time. 

Oral contraceptives The efficacy of oral contraceptives may be reduced and increased breakthrough 
bleeding may occur . Although infrequently reported. contraceptive lailure is 
possible; the use of an additional form of contraception during penicillin therapy 
is advisable. 

Allopurinol (Ampicillin) The rate of ampici llin. induced skin rash appears much higher when 
coadministered with alioDurinolthan with either druQ bv itself. 

Tetracyclines The bacteriostatic action of tetraCYCline derivatives may impair the bactericidal 
effects of oenicillins. 

Aspirin These drugs may compete with penicillin G for renal tubular secretion and thus 

Sulfonamides prolong the serum half·lile of penicillin. 

Indomethacin 

Thiazide diuret ics 

I 'Penicillin G\ 

Patient ill/ormation 
I . Complete full course of the rapy. 

2. Take on an empty stomach one hour before or two hours after meals. Absorption of penicillin 
V, amoxici ll in, bacampic il lin tablet s and amoxicillin/potassium clavu lanate is not 
significantly affected by food. 

3. Take each oral cloxaci llin dose with a full glass of water. Do nOllake wi th fruit juice or a 
carbonated beverage. 
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4. Take at even interva ls, preferably around the clock. 

5. NOlify physician if skin rash, itching. hives. severe diarrhea, short ness of breath , wheezing. 
black tongue, sore throat, nausea, vomiti ng, fever, swollen joints or any unusual bleeding or 
bruising occurs. 

6. Discard any liquid forms of penicillin afrer seven days if stored at room temperature or after 
14 days if refrigerated. 

Cephalosporins 
Cephalosporins are structural ly and pharmacologica lly re lated to the penici llins. They are 
semisynthetic antib iotic derivatives of cephalospori n C, produced from the fungus cephalosporium 
llcremOI1;ul1I . This fungus was firs t collected from a sewer outlet on the island of Sardinia in the 
19405. The cephalosporins are usually bactericidal in action. Their antibacterial acti vity results from 
interference with bacterial ce ll wall synthes is in a manner si mi lar to tha t of penic ill in. The 
cephalosporins are divided into groups called generat ions. which are primari ly based on their 
spectrum of antimicrob ial acti vity: Currentl y there are first. second . third. and founh ge nerati on 
cephalosporins. 

Generation Description 

First Generally have good activity against gram-positive 
bacteria and moderate activi ty against some gram-
negative organisms. 

Second Are usually active against the same bacteria covered 
by first generation, but they also show improved 
activity against gram-negative bacteria and even 
some anaerobic bacteria_ 

Third Are generally less active against staphylococci than 
'irst generation cephalosporins . however, they have 
an expanded spectrum 01 activity against gram-
negative bacteria than lirst or second-generation 
drugs_ tn addition, third-generation cephalosporins 
generally have some activity against pseudomonas 
and penetrate into the cerebro-spinal iluid. There is 
currenny only one fourth-generation cephalosporin. 

Fourth Is actually an extended spectrum third-generation 
because the gram-negative cove rage is the same 
with the gram-positive coverage being improved. 

Like penicilli ns. some of these drugs are not absorbed well orally_ The following table lists the 
cephalosporins by generation and their routes of admini stra tion. Dosages are not given because each 
in fection may requ ire a differen t strength. 
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Drug 
, 

Route Indications 

Upper l ower Urinary Skin Otitis STO 
ResD Resp. Tracl Media 

First Generation Cefadroxil Oral X X 

Cefazolin IM,IV X X X 
Cephalexin Oral X X X 

Cephapirin IM,IV X X X X 

Ceohradine Oral, 1M, IV X X X X 

Second Celaclor Oral X X X X X 
Generation Cefmelazole 1M ,IV X X X 

Cetonicid IM , IV X X X 

Cefotelan IM,IV X X X 

Celoxilin IV X X 

Celorozil Oral X X 

Cefuroxime Oral, IM IV X X X X X 
Loracarbef Oral X X X X X 

Third Generation Cefdinir Ora l X X X X 
Cefepime 1M , IV X X X 

Cefix ime Oral X X X 
CefooerB2one IM,IV X X X X 

Celotaxime IM ,IV X X X 

Ceftazidime IM ,IV X X X 

Ceft ibuten Oral X X 

Ceft izoxime IM , IV X X X X 

Ceftriaxone 1M , IV X X X X 

Four1h Cefpodoxime Oral X X X X X X 
Generation 

COlltraindicatiollS 
CephaJosporins are contraindicated in patie nts with a hypersensiti vity to ccphaJosporin s or related 
amibiolics. especiall y penicillins. These drugs should be admi ni stered with caution to patients who 
arc sensiti ve to penicil lin s. There is evidence of cross-sensiti vity in approx imately 5- 16 percent of 
patients. 

Warnings 
Several cephalosporins have been implicated in tri ggering seizures, particularly in patients with renal 
impairment when the dosage was not reduced . 

Pregnallcy 
Ccphalosporins are in pregnancy category B. Safety for use during pregnancy is not establ ished . Use 
only whe n poten tial benefits outweigh pOlent ial hazards to the fetus. Cepha losporins appear safe for 
pregnant patients, but relatively few controlled studies ex ist. In additio n, the pharmacokinet ic 
parameters of these drugs appear to change in the pregnant woman; tendencies are toward shorter 
half-lives, lower serum levels, larger volumes of distribution. and increased clearance. 

LActa/ion 

Most of these agents are excreted in breast mi lk in small quantities. Levels range from 0.16 to 4 
meg/ml, o r a breast-milk maternal serum ratio of 0 .0 1 to 0.5 fo ll owi ng 0.5- to 2-g doses. 
Mod ificat ion/a lteration o f bowel fl ora, pharmacologica l effects, and interfe re nce with interpretation 
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of culture results in feverlinfection workups may occur in breaslfed infants whose mothers take 
cephalosporins. 

Drug interactions 
The next table li sts the drug interactions with cephalosporins. 

Drug Interaction 

Ethanol Alcoholic beverages consumed concurrenlly with or <= 72 hours after cefoperazone, 
celazolin , cefmetazole, or cefotelan may produce acute alcohol intolerance 
(disulfiram-like reaction). The reaclion begins within 30 minutes after alcohol 
ingestion and may subside 30 minutes to several hours afterwards. The reaction may 
occur <= three days after the lasl dose of the antibiotic. 

Anticoaqulanls Hypoprothrombinemic effects of anticoaqulants may be increased bv cephalosporins . 

Probenecid Probenecid may increase and prolong cephalosporin plasma levels by competit ively 
inhibiting renal tubula r secretion. 

Antacids Plasma concentrations of some cephalosporins may be reduced by coadministration 
of antacids. -

H2 antagonists Plasma concentrations of some cephalosporins may be reduced by coadministrat ion 
of H2 antaqonists, 

Iron supplements Iron supplements and loads fortified with iron reduce the absorption of some 
cephalosporins. Cephalosporins should be laken two hours before or after the iron. 

Loop diuretics The risk of nephrotoxicity is increased with coadministration of these druqs. 

Patient information 
I. You must complete the entire course of therapy. 

2. These drugs may calise Gl upset; you may take them with food or milk. 

3. Antacids containing magnesium or aluminum interfere with the absorpt ion of some 
cephalosporins. Take the cephalosporin two hours before or after the antacid . 

802. Macrolides and Tetracyclines 
Although they are completely different, these two classes of drugs have many of the same uses. 
Another thing that they have in common for us is the fact that we' ll cover them in the same lesson. 

Macrolides 
The terms erythromycins and macrolides are often used interchangeably. Erythromycin, the first and 
still most widely used macrolide antibiotic, has been used clinically as an antibiotic since 1952. Until 
recentl y, erythromyc in and an infrequently used macrolide, troleandomyci n, were the only members 
of this group. In 1991, azithromycin and clarithromycin were made available. These new agents 
appear to possess distinct advantages over erythromycin. but at a greater cost. 

Macrolide antibiotics include azithromycin, ciarithromycin, dirilhromycin, erythromycin, and 
trol eandomycin inhibit RNA-dependent protein synthesis. They are bacteri ostatic at lower 
concentrations and become bactericidal at higher drug concentrations. 

• 
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J ndications 
The following table lists some of the important infonnation about the macrolides. 

Macrolide Route Indications 

Pharyngitis Resp_ Bronchitis Skin UTI Pertussis Diptheria Pneumonia COPO 
Tract 

jAzithro-
mvein 

Oral, IV X X 

Clarithro- Oral X X X X 
myein 

Dirithro- Oral X X X 
myeln 

Erythro- Oral, IV X X X X X 
m cin 

roleando Oral X X 
- myeln 

COlllraindications 
Contraindications to macrolides include hypersensitivity to any of the macrolide anlibiotics. 
Macrolides are also contraindicated in any patient taking astemizole or cisapride and in any patient 
with a preex isting li ver disease . 

Warnings 
Pseudomembranous coliti s may occur in patients bei ng treated with these medications. Treatment 
with these antibacterial agents alters the normal nora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Cfosridiun1 difficile is a primary cause of 
antibiotic·assoc iated colitis. 

Pregllancy 

X 

Azith romycin and erythromycin are in pregnancy category B, whi le clarithromycin, dirithromyc in , 
and troleandomycin are in category C. C larithromycin has adverse effects on pregnancy outcome or 
embryo·fetal development in monkeys, rats, mice. and rabbit s. Animal studies wit h dirithromycin 
demonstrated that fetal weight was significantly depressed at e ight times the maximum recommended 
human dose with an increased occurrence of incomplete ossification. Erythromycin crosses the 
placental barrier but fetal levels are low. There are no adequate and well·controJled studies in 
pregnant women. Do nOI use cJarithromycin in pregnant women except in clinical circumstances 
when no a lternative therapy is appropriate. If pregnancy occurs whi le taking thi s drug. apprise the 
patient of the hazard to the fetus. Use clarithromycin and dirithromycin during pregnancy only if the 
potential benefit justifies the potential ri sk to the fetus. Use azithromycin and eryt hromycin only 
when clearly needed. 

Lactation 
Erythromycin is excreted in breast milk and may concentrate to a milk: plasma ratio of 0.5. Although 
no infant ad verse effects are reported. potential problems for the nursing infant include modification 
of bowel nora, pharmacological effects, and interference with fever work·ups. According to the 
American Academy of Pediatri cs. erythromycin is considered compatible with breastfeeding. It is not 
known whether clarithromycin. dirithromycin, or azithromyci n is excreted in breast milk. Exercise 
caution when administering these drugs to a nursing woman. 
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Drug interactions 
The following table lists the drug interacti ons for the macrolide class . 

DrUG Interaction 

Antacids Aluminum- and magnesium-containing antacids reduce peak serum levels but nol the 
extent of azithromycin absorption. When given immediately fo llowing antacids, 
dirilhromycin absorption is SJighU~nhanced . When given immediately prior 10 antacids, 
the elimination rate constant of eN hromvcin may be sliohtlv decreased. 

Fluconazole Coadminislration rna increase levels of macrolides. 

H2 antagonists When given immediately after H2 antagonists, macrolide absorption may be slighlly 
enhanced 

Anlicoanulanls Anticaanulanl effect may be potentiated. 

Asternizole Coadministration of these drugs is contraindicated. Increased astemizole 
concentrations have occurre·d. Ca rdiovascular side effects, inc luding death, cardiac 
arrest, and other ventricular arrhvlhmias have occurred. 

Benzodiazepines The plasma levels of certain benzodiazepines may be elevated, increasing and 
orolonaina the CNS depressant effects. 

Bromocriptine Bromocriptine serum levels may be elevated, resulting in an increase in the 
oharmacoloaic and adverse effects. 

Buspirone Plasma buspirone concentrations may be elevated, increasing the pharmacologic and 
adverse effects. 

Carbamazeoine Increased concentrations of carbamazeoine may occur. 

Cyclosporine Elevated c~~:osPorine concentrations with increased ·risk of toxic ity (nephrotoxic ity, 
neurotoxic it may occur. . 

Digoxin Serum digoxin concentrat ions may be e levated because of the effect of the antibiotic on 
~~t flora that metabolizes diooxin. 

Methylprednisolone The clearance of methylprednisolone is greatly reduced, resulting in increased blood 
levels. 

Omeorazole Coadministration mav result in increased olasma levels of omeorazole. 

Theophylline Concurrent use may be associated with increased serum theophyll ine levels and 
I olasma ervlhrom~in levels mav be decreased. 

Patient information 
1. Clarithromyc in may be given without regard to meal s and may be taken with milk. 

2. Caution patients to take azithromycin suspension >= one hour prior to a meal or >= two hours 
after a meal. Azithromyc in tablet s can be taken with or without food. 

3. Take dirithromyci n with food or within one hour of eating. 

4. Take erythromyc in on an empty stomach (>= one hour befo re or two hours after meals); if G I 
upset occurs, take with food. Erythromyc in estolate, ethyl succ inate , and certain brands of 
erythromyci n base cn teric·coated tablets may be taken without regard to meals; consult the 
current package literature. Take each erythromyc in dose with an adequate amount of water 
(180 to 240 ml ). 

S. Take erythromyc in and troleandomyc in at evenly spaced intervals during the day, preferably 
around the c lock. Complete full course of the rapy; take until gone. 

6. Caution pat ien ts not to take aluminum· and magnesium·containing antacids and oral 
azi thromyci n simultaneous ly. 

7. Patients should discont inue the drug immediately and contact a physician if any signs of an 
allergic reaction occur. 

8. Do not cut, chew, or crush the tablets. 
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9. Notify ph ysician if nausea, vomiting. diarrhea or stomach cramps, severe atxlomina l pain, 
yellow discoloration of the skin or eyes, darkened urine, pale stools, or unusual tiredness 
occurs wi th erythromycin. 

10. Shake the suspension well before each use. Do nOI refrigerate. 

Tetracyclines 
The tetracyclines, introduced in 1948, were the firsl lruly "broad spectrum" antibiotics. These drugs 
are usua lly bacteriostatic. but may be bacteric ida l in high concentrati ons. Tetracyclines inlerfere with 
the protein syn thesis of the infectious organ ism halting its growth and reproduction. These drugs are 
readily. yet incompletely absorbed from the gastroi ntestinal tract. Absorption occurs mai nly from the 
stomach and upper small intestine. Food and/or milk reduce GJ absorpti on of most oral tetracycli nes 
by 50 perccnt or more. The tetracycline class includes doxycycl ine. demec locyc line. minocycline. 
oxytetracyc li ne. and tetracycline . 

J ndications 
Tetracycl ines have a wide spectrum of activity agai nst many gram-negative and gram-positive 
organisms but are inactive against viruses and fungi . Although tetracyc lines are effective against many 
gram-posi ti ve and gram-negative organisms. they should not be routinely used for gram-positive 
bacteria because many of these organisms exhibit resistance. Despite the ir relative ly broad spectrum, 
tetracyclines have limited use. Clinical applicati ons for tetracycline ant ibiotics include treatment of 
infect ions due to Rickettsia, mycoplasma pneumonia, and c hlamyd ia. Tetracycl ines are also used to 
treat Lyme disease, brucellosis. syphili s, and gonorrhea wi th patients who cannot take penici llin . 

Contrailldicaliolls 
Hypersensiti vity to any of the tetracycl ines is a contraind ication to the ir use. 

Warnillgs 
Photosensiti vity. manifested by an exaggerated sunburn reaction, has been observed in some 
indi vid ua ls taking tetf'dcyclines. 

Pregnallcy 

The tetracyc lines are in pregnancy category D. Tetracyc lines should not be used during pregnancy. 
They readi ly cross the placen ta; concentrations of oxytetracyc line in cord blood are approx imately 50 
percent of those of the mother . Tetracyclines are found in fetal tissues and can have toxic effects on 
the deve lopi ng fetu s (retardat ion of skeletal development ). Ev idence of embryotox icity has also been 
noted in animal s treated early in pregnancy. 

Lactatioll 
Tetracyclines are excreted in breast milk. A dosage of 2 glday for three days has achieved a milk : 
plasma ratio of 0.6 to 0.8. Because of the potential for serious adverse reactions decide whether to 
di scontinue nursing o r discontinue the drug. 

Use ill children 
A spec ia l warning about tetracycli ne use invo lves children. Tetracycl ines should not generally be 
used in ch ildre n under eight years of age. un less other drugs are not likely to be effective. or are 
contrai ndicated. 

Teeth 
The use of tetracyc lines during the period of tooth development (from the last half of pregnancy 
through the eighth year of life ) may cause permanent di scolorat ion (yell ow-gray-brown) of deciduous 
and permanent teeth . Thi s adverse reaction is more common du ring long-term use of the drugs. but 
has bee n observed following repeated short-te rm courses. Enamel hypoplasia has also been reported. 
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Bone 

Tetracycl ine fanns a stable calcium complex in any bone-forming tissue. Decreased fibu la growth 
rate occurred in infant s given oral lelracycline. Thi s was reversible when drug was discontinued. 

Drug interactions 
The fo llowing table lists the interactions associated with tetracycline use. 

Drua Interaction 

Antacids Antacids containing aluminum, calcium, zinc or magnesium and bismuth salts impair 
absorption of tetracyclines due to formation of a poorly soluble chelate, possibly 
decreasinn the antimicrobial efficacy. 

Anticoagulants, Tetracyclines may increase the hypoprothrombinemic effects of concurrent 
oral anticoanulants. 

Cimelidine Cimelidine may decrease the GI absorption of tetracyclines due to a pH-dependent 
inhibition of dissolution- antimicrobial effectiveness mav be decreased. 

Digoxin Tetracyclines may increase the serum levels of digoxin leading to digoxin toxicity. These 
effects ma; last for months after tetracvcline administration is discontinued. 

Insulin Tetracvclines mav reduce insulin reQuirements. 

Iron products Iron may decrease the GI absorption of tetracyclines due to formation of poorly soluble 
chelate; antimicrobial eHectiveness may be decreased. Give iron salts in non-enteric 
coated, non-sustained release form at least three hours before or two hours after 
tetracv~l ines. 

Oral Coadministration of tetracyclines may decrease the pharmacologic effects of oral 
contracentives contracentives; breakthrouah bleedi~a or ore<lnancv may occur. 

Penicillins Bacteriostatic drugs such as tetracycline may interfere with the bactericidal action of 
I nenicillins; avoid concomitant administration 

Patient i,,/ormatioll 
I. Finish the entire course of therapy. Do not save any of these medications. Taking ex pired 

tetracyclines may be hazardous to your health. 

2. Take tctracycl ines on an cmpty stomach, at least one hour before or two hours after meals 
(doxycycline and minocycl ine may be taken with food or milk). 

3. Take tetracyclines with fu ll glass of water (240 ml). 

4. Avoid simultaneous use of dairy products (milk , cheese), antacids, laxatives or iron­
containing products . If an antacid must be taken, take alleast two hours before or after 
tetracyc line. 

5. A void prolonged exposure to sunlight or sunlamps; may cause photosensiti vity (especially 
demecloc ycli ne) . 

803. Sulfonamides, flouroquinolones, aminoglycosides, and urinary tract anti-infectives 
This lesson sounds li ke it may have a lot of information. However, there isn't a whole lot to say about 
these medications without asking you to just memorize the drug monographs. These drugs are 
important enough so that you should know some of the basic infonnation about them and be able to 
give informed adv ise to the medical staff and properly counsel your palient when they receive one of 
these antibiotics. Let's jump right in to thi s last section of antibiotic therapy with a discussion of 
sulfonamides. 

Sulfonamidcs 

Sul fonamides have a broad ant ibacterial spectrum that includes both gram-positive and gram-negative 
organisms. Sulfonamides exert their bacteriostatic action by competitive antagonism of para­
aminobenzoic acid (PABA), an essential component in folic acid synthesis. Microorganisms that require 
exogenous fo lic acid and do not synthesize folic acid are not susceptible to the action of sulfonamides. 
Sulfonamides differ only in their pharmacokinetics and, as such, are often classified according to their 
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durat ion of action or hal f· li fe. Short-acting sul fo namides incl ude sulfacYline. sulfisoxazole, and 
sulfame thiwle. lnlcrmed iate-acting agents incl ude sul fadiazine and sul famcthoxazole. 
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The development of resistance in previously susceptible organisms and the discovery of more 
effec tive an ti biotic agents have greatl y dimi nished the usefu lness of the sulfonamides. However, the 
combination of sulfamethoxazole with trimethopri m. marketed in 1973, has been shown to be 
effecti ve in the Ireatmcnl of specifi c bacterial infections and has increased the clin ica l use of 
su lfamethoxazole. And ,hal's where we' re going to go with sul fonamides. combination therapy. 
We're goi ng to cover the sulfonamides as combination drugs. In this lesson we di scuss two 
su lfo namide drugs: the combi nation drug products sulfamet hoxazoleltrimethoprim and 
eryth romycin/sul fi soxazole. T hese drugs will be covered separately. 

5uljamethoxazoleltrimethoprim (5MZ· TM P) 
Su lfa methoxazole (SMZ) inhi bits bacteri al synthesis of dih ydrofolic acid by competing with para­
amin obe nzoic ac id . T rime thoprim (TMP) blocks the prod uctio n of tetra hydrofolic acid by inhibiting 
the enzy me di hydrofo late reductase. Thu s, this combination bloc k two consecuti ve steps in the 
bac teria l b iosynthes is of essenti al nucle ic acids and protcin s. 

Sul famc thoxazole/trimet hopri m is avai lable as oral tablets, a suspension, or a solUlion fo r injection. 

Indicatiol1s al1d dosage 
5u lfame thoxazoleltrimethoprim is indicated in the trcatment of the following conditions: 

• Bronch itis. • Chancroid . 

• C holera. • Cystit is. 

• Enterocol itis. • Isosporiasis. 

• Nocardiosis. • Ot itis media . 

• Pneumocystis carin ii pneumonia • Penussis. 
(PCP) prophylaxis. 

• Salmonella infec tion. • Shigel losis. 

• S inusitis. • T raveler's diarrhea. 

• Uri nary tract in fec tion. • Wegener's granulo matosis . 

Dosagcs are indi vidua lized to the patient and to the di sease. 

C 0 111 rai Ildi cat iOll s 

Sulfamethoxazoleltrimethoprim is contrai ndicated in patients with eit her sulfonamide or trimetho pri m 
hypersensiti vity. Deat h can follow. 

Warn il1gs 
Sulfonamide-associated deaths, although rare, have occurred fro m hypersensitivity of the respirato ry 
tract, Stevens-Joh nson synd ro me, tox ic epidermal nec rolysis, fu lminant hepatic necrosis, 
agranulocytosis, aplastic ane mia. and other blood dyscrasias. Both TMP and 5MZ can interfere with 
hematopoiesis. 

Sulfonamides have a high incidence of allergic reactions. Most o f these are man ifested as a skin rash. 

Instance Warning 

Pregnancy Sulfonamides are in pregnancy category C. They readily cross the placenta with fe tal levels 
reaching about 70-90 percent of maternal levels. Toxicities observed in the neonate include 
jaundice, hemolytic anemia, and kernicterus. Trimethoprim crosses the placenta. producing 
similar levels in fetal and matemal serum. 

Lactation TMP-SMZ is not recommended in the nursing period because sulfonamides are excreted in 
breast milk and may cause kernicterus. 
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Drug interactions 

There aren't 100 many interactions. so I'll cover them in the old fash ioned way. one at a time. 

DruQS Interaction 

Antidiabetic agents, Sulfonamides such as sulfamethoxazole can displace oral antidiabetic agents. 
phenytoin, and phenytoin, and oral anticoagulants (such as warfarin) from their protein·binding sites 
wa rfarin and also can inhibit the metabolism 01 these medications. These actions may increase 

the therapeutic or adverse effects of these medications. Dosage adjustments may be 
necessarv during therapy with sulfamethoxazolefl rimethoprim. 

Digoxin Trimelhoprim can increase digoxin serum concentrat ions by reducing the tubular 
secretion of digoxin. Although digoxin concentrations increase only slightly, clinicians 
should be alert to signs and symptoms 01 digoxin toxicity in patients receiving 
sulfamethoxazoleltrimethoorim. 

Palienf informmioll 

I. Complete the full course of therapy. 

2. Take each oral dose with a fu ll glass of water. 

3. Maintain adequate fluid intake. 

4. Notify physician immediately if sore throat, fever, chill s. pale skin. yellowing of skin or eyes. 
rash. or unusual bleed ing or bruisi ng occurs. 

Erythromycin/sulfISoxazole 
Erythromyc in and sulfisox:az.ole are used together in un oral preparation 10 treat otili s media. 
Erythromycin is a macrolide antibiotic. and sul fisoxazole is a sulfonamide anti biotic. They ha ve 
different spectrums of antimicrobial activity, and the combination is effecti ve against susceptible 
stra ins of Hemophilus influenz.ae. Erythromyci n/sulfi sox aw le is available in an oral suspension. 

Indicatiol1 s 

Erythromycin/sul fisoxazole is indicated in the treatment of otitis media. 

Drug interactions 

Refer back to lesson 802 for drug interactions with erythromycin . Additional interact ions are 
discussed in the following table : 

Drug Interaction 

Wariarin Sulfisoxazole can potent iate the anticoagulant effects of warfarin . This is 
believed to result hom sulfisoxazole inhibiting the hepatic metabolism of 
warfarin. A protein-binding interaction also may be possible, since warfarin 
is 96 to 98 percenl protein-bound, and sulfonamides are well known to 
displace bilirubin Irom protein-binding sites. limiled data exist regarding 
this interaction, however. Most of the reported cases involved warfarin and 
sulfamethoxazole/trimethoprim. Due to the potential severity of ex:cessive 
anticoagulation, sullonamides should not be administered to patients 
already stabilized on warfarin. Although warfarin can be added to 
sulfonamide Iherapy, warfarin doses may need to be adjusted when 
sulfonamide therapy is d iscontinued. . 

Phenytoin Differen! sulfonamides have produced variable effects on the hepatic 
metabolism of phenytoin. In addition, sulfisoxazole has been shown to 
displace phenytoin from protein-binding sites. Patients receiving phenytoin 
should be monitored for ohenvtoin toxicit if sulfisoxazole is added. 

Penicillins and cephalosporins Many medical textbooks caulion against lhe concomitant use of 
bacteriostatic and bacteriocidal antibiotics, despite the absence of data 
that clearly demons trate antagonism in this selling. Although sulfonamides 
should be avoided in patients receiving bacteriocidal antibiotics such as 
penicillins or cephatosporins, concomitant use is acceptable if both 
antibiotics are essent ial. Pa tients should be monitored for antibiolic 
antaqonism. howeve r. 
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ConlraindicQtjoflS 

Refer back to lesson 802 for contraindications of erythromycin. Additional contraindications arc: 

Drug/Condition Description 

Bone marrow depression, blood dyscrasias, Sulfisoxazole is relatively contraindicated in patients 
with preexisting bone marrow depression, blood megaloblastic anemia, and G6PD deficiency 
dyscrasias, or megaloblastic anemia secondary to 
folale deficiency because sul/onamides can aggravate 
these condi1ions. Sulfisoxazole is contraindicated in 
patients with glucose-phosphate dehydrogenase 
deficiency (G6PD deficiency) because the drug can 
cause hemolysis in these patients. 

G6PD-lhis may be a good time 10 briefly discuss this 
disorder (you'll see it a few more times). Glucose-6-
phosphate dehydrongenase is an enzyme that 
processes glucose-6-phosphate in the metabolism of 
g lucose. Many White males with Mediterranean 
background and about 10% of African-American males 
are deficient in this enzyme. The deficiency causes a 
change in cell shape similar to sickle-cell disease and 
when certain drugs are adminislered results in 
hemolytic anemia. 

Thiazide, sulfonylurea, carbonic anhydrase inhibi tor, Because of structural similarity, sutfonamides should 
furosemide, or sulfonamide hypersensitivity be used cautiously in patients with known allergic 

reactions to thiazide diuretics, oral sulfonylureas, loop 
diuretics, or carbonic anhydrase inhibitors. However, 
despite the chemical similarities and the logical 
conclusion that cross-sensitivity would occur, a 
thorough review of the published literature and direct 
communication with the manufacturer revealed no data 
supporting the conclusion that patients with sensitivity 
10 sulfonamides also develop sensitivi ty to furosemide. 
Less is known regarding the cross-sensitivity between 
sulfonamides and the other agents, although some 
clinicians doubt that significant risk exists. 
Nevertheless, sulfisoxazole should be avoided in 
palients with hypersensitivity to furosemide, thiazide, 
SUlfonylurea, or carbonic anhydrase inhibitor. Without 
question, sulfisoxazole should be avoided in patienlS 
with sulfonamide hypersensitivity. 

Warni"gs 
Refer to lesson 802 for the warnings for erythromycin. 

Deaths assoc iated with the adntinistration of su lfonamides have been reported from hypersensitivity 
reactions. hepatocellular necrosis, agranUlocytosis, aplastic anemia, and other blood dyscrasias. Sore 
throat, fever, pallor, purpura. or jaundice may be early indications of serious blood disorders. Perfonn 
complete blood counts. 

Condition I Description 

Pregnancy Sulfonamides are in pregnancy category C. Safety of use during pregnancy is not 
established. Sutfonamides cross the placenta; fetal levels average 70% to 90%. of 
maternal serum levels. Significant levels may persist in the neonate if these drugs are 

I aiven near term; jaundice hemolytic anemia and kernicterus may occur. 

Lactation Sulfonamides are excreted in breast milk in low concentrations. In the milk, plasma 
ratios for sulfonamides are as low as 0.5 to 0.6. According to the American Academy of 
Pediatrics. breastfeeding and sulfonamide use are compatible because sulfonamide 
excretion into breast milk does not pose a significant risk to the healthy tull -term 
neonate. 
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DrIlg interactions 
Refer to lesson 802 for the erythromycin interactions. Also, the drug interactions for sulfisoxazole are 
the same as those listed for sulfamethoxazole. 

Palielll illformation 

I. Complete full course of therapy. 

2. Take with a full glass of water. 

3. A void prolonged exposure to sun light; photosensiti vity may occur. If outside, wear protecti ve 
clothing and apply su nscreen to exposed areas. 

4. Notify phys ician if any of the following occurs: Blood in urine. rash. rin ging in ears, 
difficulty in breathing. fever, sore throat , or chill s. 

F luoroquinolones 
The f1uoroquinolones are synthetic, broad-spectrum antibacterial agen ts. The fluoroquinolones were 
developed from older medications. quinoiones. The addit ion of a fluorine molec ule provides an 
increased potency aga inst gra m·negati ve organisms and broadens the spectrum to include gram· 
pos iti ve organisms. The f1uoroquinolones have relati vely few side effects, and microbial res istance 
does not develop as rapidly as it does to the older qui no lone drugs. The first of these agents, 
norfloxacin, was marketed in 1986, followed by several others shortl y thereafter. Current ly, there are 
10 n uoroqu inolones available for systemic use, several of which are al so approved for ophthalmic or 
otic use. Fluoroquinolones exhibit a prolonged post·antibiotic effect (PAE). Organi sms may not 
resume growth for two to six hours after exposure to a f1uoroqu inolone, despite undetectable drug 
levels. In addit ion, f1uoroquinoiones are concentrated within human neutrophi ls. In general, the 
f1uoroquinolones are best used in the treatment of infecti ons due to aerobic gram· negative bacteria . 
Here we' ll di scuss c iprofloxac in and levofloxacin. , 

Indications 
The next table lists our f1 uroquinolones. their indicat ions. avai lab le dosage forms, and dosing 
intervals. Exact dosages are not given because they vary great ly wi th each disease state and 
individ ual. 

Drug Indications Dosage form Dosage interval 

Ciprofloxacin Boneljoint. bronchitis, gonorrhea, infectious diarrhea, tablets, oral Every 12 hours 
pneumonia, skin, typhoid fever, urinary tract infections suspension, 

injection, otic, 
ophthalmic 

levofloxacin Bronchitis, pneumonia, pyelonephritis, sinusitis, skin, tablets, Every 24 hours 
urinary tract infections injection 

Generations 
Just as with the cephaiosporins, nuoroquinolones have been div ided into generations. Ciprofloxacin is 
a first generati on and levofloxacin is a third . As with the cephalosporins, the spectrum of activity is 
expanded with each generation. Gram·negative and anaerobes are covered as the second and third 
generation drugs come on. Recently, a fourth generation of fluoroquinolones was added with an 
ex tremely broad spectrum and very little resistance deve lops to gram·positi ve infections. These fourth 
generation drugs include gatifloxac in, mox ifloxacin , and trovafloxacin. They are reserved for serious, 
life-threatening infections to reduce, even further, the incidence of resistance. 

COlllraindications 

A hypersensiti vity to the fl uroquinolones or quinolone class of antibioti cs is a contraindication for the 
use of these drugs. 
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Photosellsitivity 
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Moderate-ta-severe pholotoxic reactions have occurred in palients exposed to direct or indi rect 
sunligh t or 10 anific ial ultraviolet light (e.g .• sunlamps) during or fo llowing treatment with 
fluoroquinoiones. These reactions ha ve a lso occurred in patients exposed 10 shaded or diffuse light; 
including ex posure throu gh glass. Advise patients to discominue therapy at the fi rst signs or 
symptoms of a phololoxicity reaction such as a sensation of skin burning. red ness, swelling. blisters. 
rash. itching. or dennmi li s: These reactions ha ve occurred with and witha Ul the use of sunsc reens or 
sun blocks and with single doses of fluoroquino\ones. In a few cases, recovery was prolonged for 
several weeks. As with some other types of phototoxicity, there is the potential for exacerbation of the 
react ion on re-exposure to sunlight or artificial ultraviolet li ght prior to complete recovery from the 
reaction. In rare cases, reactions have recurred up to several weeks after stopping therapy. 

COl/vlllsiollS 

Increased intracranial pressur~ and toxic psychosis have occurred. CNS stimulation may also occur, 
which may lead to tremor, restlessness, lightheadedness, confusion, and hallucinations. 

Pregnancy 

Fluoroquinolones are in pregnancy category C; do not use in pregnant women. There are no adequate 
and we ll-controlled studies in pregnant women. Use during pregnancy only if the potential benefit 
justifies the potcntia l ri sk to the fetus. 

wctal ioll 

Norfloxacin was not detected in breast mi lk fo llowing the administrat ion or 20 mg to nu rsing 
mothers; however, this was a low dose. Ciprofloxacin is excreted in breast milk; however, the amount 
ingested by the infant appears to be low. Ofloxacin as a single 200-mg dose resulted in breast milk 
concentrati ons in nursing females thai were similar to those found in plasma. It is not kn own if 
lomefloxac in is excreted in breasl milk . 

Drug interactiolls 

The ncxt table li sts the dru g interactions for the flu or9uinolones. 

Drug Interaction 

Antacids Interierence of GI absorption of the tluoroquinolones. resulting in decreased serum 

Sucralfale levels may occur, avoid simultaneous use. Administer antacids two to four hours before 

Iron salts 
or after the fluoroquinolone. 

Antineoplastic Fluoroquinolone serum tevels may be decreased. 
aQenls 

Cimetidine Cimetidine may interlere with the elimination of the fluoroquinolones. 

Nitroluanloin Antibacterial effect of fluoroouinolones in the urinary tract mav be antaaonized. 

Probenecid Ciprofloxacin renal clearance is reduced 50 percent, and its serum concentration is 
increased 50 percent. 

tiydantoins Phenvtoin serum levels mav be reduced. oroducina a decrease in theraoeutic effects. 

AnticoaQulants The effec ts of the anticoaQutant may be increased. 

Theophylline Decreased clearance and increased plasma levels and toxicity of theophylline have 
occurred with concurrent fluoroquinolone use. 

Patiellt in/ormatioll 
I . Dri nk fluids libera ll y while taki ng flu oroqu inolones. 

2. Do not take an tac ids containing magnesium or aluminum or products containing iron or zi nc 
simultaneously or within four hours before or two hours after dosing. 
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3. May cause di zziness or lightheadedness; observe caut ion whi le driving or performing other 
tasks requ iring alenness, coordination, or physical dexterity. eNS stimulation may occur 
(e.g., tremor, restlessness, and confusion); use wi th cau tion in patients predisposed to seizures 
o r with othe r eNS disorders. 

4. Take nortl exac in and enoxacin one hour before or two hours after meals. Do not take 
onaxacin with food. Ciprotloxacin and lomefloxacin can be taken without regard to meals; 
however. the preferred time of c iprofloxacin dos ing is two hours after a mea l. 

5. Hypersensitivity reactions may occur, even follow ing the fi rst dose; disconti nue the drug at 
the first sign of skin rash or other allerg ic reaclion. 

6. A void excessive sunl ight/artificial uhraviolet li ght; discontinue drug if phototox icity occurs. 
A void re-ex posure to uhravioletl ight. Reactions may recur up 10 several weeks after stopping 
therapy. 

Aminoglycosides 
Aminoglycosides are bactericidal anti biotics used primarily in the treatment of gra m-negat ive 
infecti ons. They irreversibly bind to the bacteria l ribosomes, blocking the recognition step in protein 
syn thesis and causing misreading of the genetic code. The ribosomes separate from messenger RNA 
causing cell death. Oral aminoglycosides are poorly absorbed and therefore are used only for 
suppression of GI bacterial flora. The small absorbed fraction is rapid ly eltcreted with normal kidney 
func ti on. The unabsorbed dru g is el iminated unchanged in the feces. Most intestinal bacteria are 
rapidly e liminated with bacterial suppression persisting for 48 to 72 hou rs. Absorption from 1M 
injecti on is rapid , with peak blood levels achieved within one hour. Our di scussion wi ll focus on the 
injectable aminoglycos ide gentamycin and ophthalmic uses for both gentamyci n and tobramycin. 

Gelllamycin Jor injection 
Gentamycin for injection is probab ly the most widely used parental aminoglycoside. In the past, peak 
and trough level monitoring was extremely importa nt because of the possibi lity of ototolt icily and 
nephrotolt icity. Recent stud ies have shown that a mega-dose given once daily wi ll gradll all y di ssipate 
to the proper trough level and reduce the incidence of tox ic reactions. 

Indicarions and dosage 

Gentamycin is indicaled for treating bacterial neonala l sepsis, bacterial septicemia, serious bacterial 
infections of the eNS (meningiti s), urinary tract, respiratory tract, GI tract (including peritoniti s). 
skin, and bonc and soft tissue (incl uding b~rns). 

Gentamyc in may be given [M or IV. For patients with serious infections and nonna l renal function, 
give 3 mg/kglday in 3 equal doses every eight hours. For patients with life-threatening infections. 
ad mini ster up to 5 mg/kg/day in 3 or 4 equal doses. Reduce dosage to 3 mg/kg/day as soon as 
cl inically indicated. Gentamyci n is available in 40 mg/ml vials and syringes and 10 mg/ml vials. 

COllrraindicar;olls 

Genlamyc in is contraindicated in patients who have had reactions previously to gentamycin or other 
aminoglycos ides. Gentamyc in is not indicatcd for long-term therapy because of the otololtic and 
nephrotoltic hazards of elttended admini stration. 

Warnillgs 

Aminoglycosides are associated with sign ificant nephrotox icity or ototolt icity. These agents are 
eltcreted primari ly by glomeru lar filtration so. the serum half- life wil l be prolonged and significant 
accumulation wi ll occur in pati ents with impaired renal runction. 

• 
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Drug interactions 

The following table lists the drug interactions with aminoglycoside antibiotics. 

OrUQ Interaction 

Cephalosporins The risk of nephrotoxicity may increase above thai with aminoglycoside alone. 
The bactericidal activity aaains! certain oalhoaens may also be enhanced. 

Loop Diuretics Auditory toxicity appears to increase during concomitant use. Hearing loss of 
varvina decrees may occur; it may be irreversible. 

Penicillins Synergism of these agents is well documented; however, certain penicillins 
may inactivate certain aminOQlycosides. 

Patienr information 

Since thi s is an IV 11M medication and is used only in the in-patient selling, there are no patient 
information statements. 

Ophthalmic uses Jor aminoglycoside antibiotics 
Gentamycin and tobramycin are also indicated for ophthalmic use. These two antibiotics arc indicated 
for the treatment of superficial ocular infections involving the conjunctiva or cornea. These are very 
superficial infections. Anything of a deeper nature should be treated with systemic antibiotics and 
supplemented with ophthalmics. Tobramycin is often combined with dexamethasone for 
inflammatory conditions, along with infections of the conjunctiva or cornea. 

Contrail1dicaliolls 
Any previous sensitivity to these agents through either ophthalmic or systemic use is a 
contraindication for their ophthalmic use. Any fungal infection is also a contraindication. 

Warnil1gs 
Sensitization from the topical use of an antibiotic may contraindicate the drug' s later systemic use in 
serious infections . 

Condition Description 

Pregnancy Tobramycin is in pregnancy category Band gentamycin is in C. The safety of these 
drugs has not been established and they should only be used during pregnancy if 
the ootential benefits outweiah the risks to the fetus. 

Lactation There are possible risks in using these drugs in lactating women. A decision to 
continue the medication or breastfeeding should be made. 

Drug il1teractiol1s 
Since these are topical medications, no interactions are listed. 

Patient informatiol1 
I. Tilt head back, place medication in conjunctival sac and close eyes. Apply li ght finger 

pressure on lacrimal sac for one minute following instillation . 

2. May cause temporary blurring of vision or stinging following administration. Notify 
physician if stinging, burning, or ilChing becomes pronounced or if redness, irritalion, 
swelling, decreas ing vision, or pain persists or worsens. 

3. To avoid contamination , do not touch tip of container to any surface. Replace cap after using. 

4. In general, patients being treated for bacteria l conjunctivitis shou ld not wear contacllens ; 
however, if the physician considers contact lens use appropriate, wait at least 15 minutes after 
using any solutions containing benzalkonium chloride before inserting the lens, as it may be 
absorbed by the lens. 
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Urina ry tract anti-inff..'Ctives 

Urinary traci infections (UTI) are treated with antiseptics and anti-infectives that inhibit bacterial 
proliferation in the urinary tract. Many antibiotics with more general usefulness are also used in 
treating UTIs. Our focus is going to be on only one anti -infective, routinely used for UTls­
nitrofurantoin. 

Nitrofurantoin is an antibacterial agem that is spec ifically used to treal UTls caused by many gram­
negat ive and some gram-positive bacteria. Nitrofurantoin is a sy nthetic nitrofuran that is bacte riostatic 
in low concenlrations and bactericidal in higher concentrati ons. Nitrofurantoin may inhibit 
acetylcoenzyme A, interfering with bacterial carbohydrate metabolism. It may also disrupt bacterial 
cel l wall formation. 

Illdicalions a"d dosage 
Nit rofurantoin is ind icated for the treatment of urinary tract infections due to susceptible strains of E 
coli, e nterococci, S aureus, and certain strains of Klebsie lla and Enterobacter spec ies. The dos ing for 
nitrofurantoin can seem a litt le confusing, but I'll try to keep it simple. First, nitrofurantoin should be 
given wi th food or milk to improve absorption and, in some patients, tolerance. Therapy should be 
continued for al least one week, or three days after sterile urine is obtained . The normal adult dosing 
for nitrofurantoin is 50 to 100 mg four times daily, with meals and at bedtime. For long-tenn 
suppre ssive therapy, the dosage is reduced to 50-100 mg at bedtime. Now for the confusing part. 
nitrofurantoin is available in three different chemical structures, ni trofurantoin microcrystal s. 
nitrofurantoin macrocrystal s, and nitrofurantoin monohydrate. The microcrystal and macrocrystal are 
equ ivalent in dosing with the macrocrystal being digested slower, therefore easier on the GI system. 
The nitrofurantoin monohydrate, when mixed with digesti ve fluids. forms a thick, gel-like substance 
that gives the drug delayed release properties and allows for twice-daily dosing. . 

Contra;"dicalions 
Nitrofuranto in is contraindicated in patients with renal function impairment, and those suffering from 
anuria or o li guria (treatment is much less effective and carries an increased risk of toxicity because of 
impaired excretion of the drug). As ususal, any hypersensiti vity to nitrofurantoin is a contraindicati on . 

Nitrofurantoin is also contraindicated in pregnant patients at te rm, during labor and delivery, or when 
the onset of labor is imminent. It is also contraindicated in infant s under one month of age. 

Warnings 
This amibiotic has the same acute warnings as all of the others. Hypersensitivity reactions may 
include the sudden onset of dyspnea, chest pain. cough. fever, and chills. These sy mptoms normally 
resolve within 24-48 hours after discontinuation of therapy. 

There are chronic symptoms that occur due to prolonged use of this medication. These reactions are 
characterized by insidious development of dyspnea, nonproductive cough. and malai se after 1-6 
months of therapy. T he symptoms will regress after a few weeks of di scontinuation of therapy, 
however the pu lmonary function may be permanently impa ired . 

Pregnancy 

Nitrofuranto in is in pregnancy category B. Tests in animal s have resulted in growth retardation and 
minor malformations. Safety for use in pregnancy has not been established. Use in women of 
childbearing pOlential only when clearly needed and when the potential benefits outweigh the 
potential hazards to the fetus. 

Lactation 

Nitrofurantoin is excreted into breast milk in very low concentrations. but could affect infants with 
G6PD deficiency. Safety for use in the nursing mother has not been established. 
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Drug interactions 
I . Antic holinergics increase nitrofurantoin bioavai labi lity by delaying gastric emptying and 

increasing absorption, 
2. Magnesium salt s may delay or dec rease the absorpt ion of nitrofurantoin. 

3. Admin istration of high doses of probenecid wi th nitrofu rantoin decreases renal clearance and 
inc reases seru m leve ls of nitrofu rantoin. T he resu lt cou ld be increased tox ic effects. 

Patient information 
J. Complete the full course of therapy; do not discontinue without notifying phys ician. 

2. Nilrofurantoin may cause GI upset; lake with food or mi lk. 

3. Nitrofuran,loi n may cause brown di scoloration of the urine. 

4. Noti fy your physician if feve r, chills. cough, chest pain. difficult breath ing. skin rash, 
numbness, or tingl ing of the fin gers or loes, or intolerable GI upset occurs. 

Self-Test Questions 
After you complete these questions, you may check your answers at the end of the unit. 

800. Antimicrobial action 
I . What is the goa l of antimicrobial therapy? 

2. What is the difference between bacteriostatic and bacteric idal? 

3. What factors should be considered before beginning antimicrobial lherapy? 

801. Penicil lins and cephalosporins 

I . What arc the four groupings of penic illins? 

2. What are the disadvantages to using penici llin? 

3. What interaction occurs between penicillins and oral contracept ives? 

4. Into what types of group ings are cephalosporins divided? 

5. Why is cau ti on used when giving cephalosporins to penici ll in sensitive pat ients? 
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6. What interaction occurs between cephalosporins and iron supplements? 

802. Macrolides and tetracyclines 
1. How do macrolides produce their action? 

2. Why does pseudomembranous colitis somet imes occur in macrolide treated pal ients? 

3. What interacti on occurs between macrolides and cyclosporine? 

4. How do tetracyclines produce their action? 

5. In which di sease states and circumstances may tetracyclines replace penici llin? 

6. What may happen when tetracyclines are given durin g the period of a child 's tooth development? 

803. Sulfonamides, nuoroquinolones, aminoglycosides, and urinary tract anti-infectives 
I. What type of microorgani sms is not susceptible to sulfonamides? 

2. What warning is given concerning sulfamethoxazo le-trimethoprim and nursing mothers? 

3. How does trimelhoprim interact with digox in? 

4. How does sulfi soxazole interact with warfarin? 

5. Describe the implications of the addition of a Ouorine molecule to that of a quinolone antibiotic. 

6. What do fiuoroquinolones and cephalosporins have in common? 
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7. How do fluoroquinolones affect photosensitivity? 

8. How do fluoroquinolones interact with anticoagulants? 

9. Why do oral aminglycosides have such a limited use? 

10. Why shouldn't gentamyci n be used for long-term therapy? 

11 . Can ophthalmic antibiotics affect the usage of systemic antibiotics? If so, how? 

12. What are the three chemical structures of nitrofurantoin? 

13. What chronic symptoms may occur with long-term nitrofurantoin lise? 

1-2. Miscellaneous Drug Therapy and Herbal Medications 
This section covers those drugs that just didn't fit nicely into other categories. However they all have 
their specific nitch. Each lesson in this section discusses a dru g category in general, followed by a 
di scussion of the drugs within that category. Each dru g is covered like the drugs in your previous 
lessons: indications, contra indications, drug inreractions. warnings, and palient infonnation. This 
sec lion will cover antimalarials, anthelminths, and antivirals. After that we 'll dive into the newest and 
least regulated medicines on the market- herbal s. 

804. Antimalarials 
Malaria has been one of the most fatal di seases in human hi story from ancien t limes 10 the present. It 
has been a major factor in a number of wars. As recentl y as the nineteenth century, it was widespread 
in Canada and the United States. Though it is now rare in the United States, malaria is still a major 
di sease in many tropical countries and a concern for people trave ling 10 them. 

Ma laria is caused by the Pasmodium species of protozoa (specifically P. vivax, P. ovale. and P. 
fa lciparum). Sporozoites are introduced into the body through the "bite" of a female mosquito. The 
sporozoites Iravel to the li ver where they develop. When they ha ve matured 10 merozoiles, they are 
released into the blood stream, and malaria symptoms appear. Drugs that are used against malaria act 
at the stage when the merozoites are released into the blood. 

Among the anti malarial agents, the quinoline deri vat ives are still the most imponant. Quinine was the 
first 10 be di scovered in the 1600s. Quinine is derived from the bark of the cinchona tree. It s isomer. 
qu inidine, is used primarily as an antiarrhythmic agent but is also used in cases of severe malaria. 
Quinacrine was developed for use against malaria in World War II. C hl oroqu ine and 
hydroxychloroquine were a lso developed during World War II and were found less tox ic than 
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quinacrine. Mefloquine was developed during the Vietnam War to combat the now resistant 
Plasmodiumfalciparum. There are some non-quinoline derivatives used today to treat malaria. You 
may see doxycycline, c1indamycin, tetracycline, and a few others; however. our focus will slay with 
the quinoline derivatives though. This lesson wi ll cover three quinoline derivatives, quinine, 
ch loroquine, and mefloquine. 

Quinine. chloroquine, and mefloquine 

Quinine. ch loroquine. and mefloquine are synthetic amimalarial agents. active against asexual 
erythrocytic forms of most strains of Plasmodium maiariae, P ova Ie, P vivax. and P falciparum. They 
are used to Ireal malaria and, occasionally. rheumatoid arthritis and discoid lupus, although these 
condit ions require much higher doses than for malaria. Hydroxych loroquine is preferred over these 
agents for non-malaria uses ~ecause it is less toxic. These agents are thought to work by raising 
intracellular pH, causing parasite death. 

Indications and dosage 
Quin ine is indicated for treatment of chloroquine resistant ma laria. Bmh ch loroquine and mefloquine 
are indicated for the prophylaxis and treatment of malaria. The different agents treat different strains. 
however the general indication of malaria is what we need to know. The next table gives the other 
peninent information about these medications. 

Drua Dosaae form Prophvlactic dose Acute Dose 

Quinine 200, 260, 325 mg N/A 260 to 650 mg three times 
caosules; 260 ma lablets dailv for 6-12 davs. 

Chloroquine 250, 500 mg tablets; 300 mg weekly (same day) 600 mg initially and 300 mg 
5mg injection (equal to beginning one to two weeks prior six hours later. 300 mg daily 
200mg) to exposure and continuing until for two more days. 

four weeks after exnosure. 

Mefloquine 250 mg tablets 250 mg once weekly for four 1,250 mg single dose, with 
weeks, then 250 mg every other food and 240 ml of water. 
week; starting one week before 
and ending four weeks after a 
malarial area. 

Contraindications 
Hypersensitivity to any of the quinoline products or related compounds is the main contraindication 
for these medications. Also, patients who are deficient in glucose-6-phosphale dehydrongenase 
(G6PD), have optic neuritis, tinnitus, or a history of blackwater fever should not use these 
medications. Patients who experience any visual fie ld changes shou ld not use chloroquine. 

Warnings 

Repeated doses of quinine may cause cinchonism. with symptoms being tinnitus. headache. nausea, 
and slightly disturbed vision. 

Pregllancy 

Quinine is in category X. It has an oxytocic action. Chloroquine and mefloquine are in category C. 
There are no adequate and well-controlled studies in pregnant women . Use during pregnancy on ly if 
potential benefit justifies potential risk to the fetus. Warn women of chi ldbearing potential traveling 
to areas where malaria is endemic against becoming pregnant and to practice reliable contraceptive 
measures during prophylaxis and for two months after the last dose. 

LaCTaTion 

Quinine and chloroquine are excreted in breast milk in small amounts. No adverse effects have been 
reponed in the nursing infant. Mefloquine is also excreted in breast milk. Because of the potential for 
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serious adverse reactions in nursing infants from mefloqu ine, the provider needs to decide whether to 
discontinue the drug, taking into accou nt the importance of the drug 10 the mother. 

Drug interactions 
The following table lists the drug interactions fo r all three of these med icalions. 

Drug Drug Interaction 

Aluminum antacids Quinine Aluminum-containing antacids may delay or decrease absorption 
of concurrent Quinine 

Cimetidine Quinine, Cimelidine may reduce quinine and chloroquine's oral clearance 
chloroouine and increase its elimination half-life. 

Oral anticoagulants Quinine Quinine may depress the hepatic enzyme system thai 
syn thesizes the vitamin K dependent clott ing factors and thus 
may enhance the aclion of warfarin and other oral 
anticoaqulants. 

Digoxin Quinine Digoxin serum concentrations may be increased by concurrent 
quinine. 

Beta-blockers Mefloquine ECG abnormalities or cardiac arrest may occur with concurrent 
mefloquine. 

Valproic acid Mefloquine Valproic acid and concurrent mefloquine resulted in loss 01 
seizure control and lower than expected valproic acid blood 
levels. 

Kaol in or magnesium Chloroquine GI absorption 01 chloroquine may be decreased by concomitant 
trisilicate adminisl ration of these acents. 

Patient in/ormation 
I . Mcnoq uine may produce dizziness; pmiems should observe caution while dri ving or 

performing other tasks requiring alertness and phys ical dexterity. 

2. Take with food or after meals to minimize GI irritmion. 

3. Medicat ion may cause diarrhea, nausea, stomach cramps or pain, vomiti ng or ringing in the 
cars; nOli fy physician if these become pronounced. 

4. May produce blurred vision, vertigo, restlessness, confusion, or dizziness; patients shou ld 
observe caution while dri ving or performing other tasks req uiring alenness. 

5. Stop the drug if there is any evidence of all ergy such as flushing, itching, rash, fever, stomach 
pa in , difficult breathing, ringing in the cars, and vision problems. 

6. Repon visual disturbances or diff1cuhy in hearing or ringing in ears to physician. 

805. Anthelmintics 
The te rm anthelmimic is often restricted to drugs acting locally to expe l pantsites from the 
gastroi nleslinalt racl. However, there are several types of worms that penetrate other tissues. The 
drugs that ac t on these parasi tic infections are also known as allfhelmintics. In addition, drugs that kill 
in testi nal worms also are referred 10 as vermicides. T hose that affect the worm in suc h a manner that 
peristalt ic activity or catharsis expe ls it from the intestinal tract are re ferred to as vermifuges. This 
opt ional division serves no useful purpose because many anthe lmint ics manifest both actions, 
according to the dose given. Consequentl y. the anthelmin tics are defi ned more properly as drugs used 
to combat any type of he lmi nthiasis. 

In thi s lesson we cover two anthelminti c agen ts: mebendazole and pyrantel. 

Mebendazole 

Mebendazole is an ora l, broad-spectrum, synthetic anthelmintic agent that is structurally similar to 
th iabendazole. Mebendazole is panicu larly effecti ve aga inst susceptible GI nematodes, such as 
whipworms, pi nworms, and hookworms and, alon g with pyrantel pamoate, is considered the drug of 
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choice in treating infections caused by these nematodes. Mebendazole in hibits the formal ion of the 
worms' microtubules and irreversibly blocks glucose uptake by the susceptible helminths, thereby 
depleting endogenous glycogen stored within the parasite that is required for surviva l and 
reproduction of the helminth. Mebendazole does not affect blood glucose concentrati ons in the host. 

Indications and dosage 
Mebendazole is indicated in the treatmen t of the following conditions: 

1. Ascariasis (roundworm). 

2. Enterobiasis (pi nworm). 

3. Unci nari asis (hookworm). 

4. Trichuriasis (whipworm). 

Dosing for mebendazole is pretty simple: 

1. The same dosage s'chedule applies to children and adu lts. 

2. Tablets may be chewed, swa llowed, or cru shed and mixed with food. No special procedures, 
such as fasting or purging. are required. 

3. If the patient is nOI cu red three weeks after treatment, a second treatment course is advised. 

For whipworm, rou ndworm, and hookworm infection the dosage is one I OO-mg tablet in the morning 
and evening for three consecutive days. For pin worm, a single lOO-mg dose given once is suffic ient. 

Conlraindicalions 
O nce again, the on ly contraindication to meben.dazole is a hypersensiti vity to the dnlg itse lf. 

Warnings 

Pregnancy 
Mebendazole is in pregnancy calcgory C. Animal studies have revea led embryolox ic and teratogenic 
effects in pregnant rats; however, in women who inadvertentl y ingested mebendaz.ole during early 
pregnancy, feta l effects were no different than those fou nd in the normal popUlation. The potential 
ri sk to the fetus must be weighed against the potential benefits of using mebendazole. 

Laclalion 
It is not known whether mebendazole is exc reted in breast milk. Because many drugs are excreted in 
breast milk, exercise cau tion when mebendazo le is adm inistered to a nursing woman. 

Drug interactions 
Carbamazepine and hydantoins may reduce the plasma levels of concomitant mebendaz.ole, possibly 
decreasing its therapeutic effect. 

Patielll information 
T hi s medication is not for infants under the age of two years. For all patients, convey the following 
directions: 

1. Practice proper hygiene methods to prevent re infection or infection of other fam il y members. 
Shower and wash hands and fingernail s often. Change and launder bedclothes, linens, and 
undergarme nts dai ly. Disinfect toilets dai ly, and damp mop floors often 10 reduce the number 
of worm eggs. 

2. Pinworms spread easily to others. Trealment of family members is usually necessary to get 
rid of pinworms. 

3. Take exactly as directed for the complete length of time prescribed, even if you feel better. 
Mebendazole works best when you keep a constant amount in your body (blood) at all times. 

• 
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Try to space doses evenl y throughout the day and ni ght (if you take two doses a day. they 
should be spaced 12 hours apart), and take doses at the same ti me eac h day. It is very 
important that you complete the fu ll course of treatment. Do not stop taking except on your 
hea lth care provider's advice. Parasite (worm) death can be slow. II may take several days 
afte r trealment to remove all parasites from the intestines. Retreatmenl is recommended if 
you are not cured in three weeks. 

4. Take missed doses as soon as possible after the dose was due. but do not take it if it is nearly 
lime for your nex t dose; do nOI double your dose or lake ex tra doses . Space missed doses four 
to fi ve hours apart if you take two doses per day, or 10 to 12 hours apart if you take one dose 
per day. Consult your healt h care provider or pharmacy if you need help adjust ing you r 
dosi ng schedule. 

5. Mebendazole works best if you chew or crush tablets before swall owing. For children, tabl ets 
may be cru shed and mixed wi"th food (like applesauce or pudding). 

6. Take with food or milk. Mebendazole works best when taken with food, especially fatty 
foods such as whole milk, cheese, or ice cream, 

Pyrantel 
Pyrante l is an anthe lminti c first developed for use in veterinary practice. It is effective against various 
irlleslinal helminths in both animals and humans, and very litt le tox icity has been associated with its 
use. Pyranle l is a depolarizing neuromusc ular blocking agent It use results in spastic paralysis of the 
worm. It also inhibits cholinesterases. Pyranlei is available as oral tablets and as a suspension. 

Indications and dosage 
Pyrante l is ind icated in the treatment of the fo llow ing conditions: 

I . Ascari asis (round wonn). 

2. Enterobiasis (pinworm). 

3. Trichuriasis (whi pworm). 

4. Unc inariasis (hookworm). 

Dosing consists of a single dose of 11 mg/kg. Maximum total dose is I g. It may be ad ministered 
without regard to ingestion of food or time of day. Purging is not necessary. Pyrantel may be taken 
wi th milk or fruit juices. 

Contrailldicaliolls 
Pyrantel should be used with caution in patients with hepatic disease or impairment because the small 
amount of absorbed dru g is metabolized by the li ver. 

Wartlings 
Taking pyramel during pregnancy has not revealed any harmful fetal effects in animal studies. 
Pyrante l shou ld be used with cau tion in pregnant women. Pregnant women who plan to self-medicate 
should do so under a health care provider' s supervision, and the potential ri sk 10 the fetus must be 
weighed aga inst the potential benefits of using pyrantel. The re are no statements concerning pyrantel 
use and lactation. 

Drug interactions 
A possible interaction occurs between pyrantel and theophylli ne. Theophylline leve ls have increased 
in some patients tak ing pyrantel. 
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Patient information 
This medication is not for infants under the age of two years. For all patients, convey the following 
directions: 

I. Practice proper hygiene (0 prevent reinfection or infection of other family members. Shower 
and wash hands and fingernails often. Change and launder bedclothes,linens, and 
undergarmcms daily. Disinfect toilets daily, and damp mop floors often to reduce the number 
of worm eggs. 

2. Pinworms spread easily to others. Treatment of family members is usually necessary to get 
rid of pinwonns. Ask your pharmacy for a patient package insert describing the symptoms, 
identification , treatment, and prevention of pinworms. 

3. Take exactly as directed (take the entire dose of pyrantel). Pyraniel may be taken with food, 
milk, juice, or on an empty stomach at any time during the day. The suspension may be 
mixed in a beverage or semi -solid food (applesauce or pudding) just before taking. 

4 . Consult your health care provider if symptoms do not improve or become worse after a few 
days. It can take several days after treatment to remove all parasites from the intestines. 
Relreatment one week after the initial treatment is recommended for severe infections or if 
worms remain after treatment. 

806. Antivirals 
The number of antiviral drugs has increased dramatically over the past decade, largely in response to 
human immunodeficiency virus (HIV). This section will cover some of these drugs. Viruses consist 
of either double or single strands of DNA or RNA enclosed in a protein coat called a capsid. Some 
viruses also possess a lipoprotein enve lope that, like the capsid, may contain antigenic proteins. Some 
vimses contain enzy mes that initiate viral replication inside a host cell. Since viruses have no 
metabolic mechanisms.of their own, they usu rp the 'mechani sm of the host cell. Effective antiviral 
agents must inhibit virus-spec ific replicative events or inhibit the synthesis of the virus. Our 
discussion of antivirals will cover two broad classes and a couple of drugs in each of those classes. 
First we'll look at antiherpes agents and then antiretroviral agents. 

Antiherpes agents 
We touched on the disease "shingles" earlier in the course, but didn't describe any therapy at that 
time. I reserved conversation on these agents until now because they just fit here belter. Infection with 
herpes simplex virus type 1 (HSV-l) causes diseases of the mouth, face, skin, esophagus, or brain. 
Herpes simplex virus type 2 (HSV-2) usually causes infection of the genitals, rectum, skin, hands, or 
meninges. Our discussion of anti herpes drugs will cover acyclovir, val acyclovir, famciclovir, and 
penciclovir. You'll see as we go on that I'll group these logically for you. 

Acyclovi,. and va/acyclovi" 
These two agents are grouped together because vaJacyciovir is converted to acyclovir during the "first 
pass effect." It can also be said that vaJacyclovir is a prodrug of acyclovir. They are twice as effective 
against HSV-J as they are against HSV-2. Acyclovir inhibits viral DNA synthesis through 
infiltrating HSV-infected cells and becomlng activated by the specific cellular enzymes in these cells. 
The acyclovir disrupts DNA replication and the HSV infected cell dies. 

• 
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Indications alld dosage 

These agents are indicated for the initial and recurrent trealment of HSV-l and HSV-2. Acyclovir is 
also indicaled for varice lla zoster virus (shingles), The dosing is listed in the table below. 

Drug Indication 

HSV-1 and 2 (initial) HSV-1 and 2 (recurrent) Varicella zoster 

Acyclovir 200 mg every four hours, five 400 rng twice 9ai1y for 12 BOO mg every four hours, 
limes daily for 10 days. months five limes daily for 7-10 

days 

Valacyclovir 1 gm three limes daily for seven 500 mg twice daily lor five NA 
days. dayS. 

Contraindica/ions 

The listed contraindicalions for these drugs are hypersensiti vity to acyc lovi r or any of it s components 
and patients with advanced HIV infection. 

WamingJ 
I. Testicular atrophy has occurred with long-term therapy (six months). Some recovery of 

potency may return 30 days after stopping medication. 

2. Acyclovi r is in pregnancy category C and valacyclovir is in B. There are no well-controlled 
studies however. fetal abnonnalities and matemaltoxicity has occurred when acyclovir has 
been used during pregnancy. 

3. Acyclovir concentrations in breast milk in women following oral administration have ranged 
from 0.6 to 4. 1 times corresponding plasma. leve ls. These concentrations wou ld potent iall y 
ex pose the nursing infanlto a dose of acyclovir up 10 0.3 mglkglday. Exercise caution when 
administeri ng to a nursing woman. There is no experience with va lacydovir. 

Drug illleracliolls 
There aren'l many interactions for these medicati ons, but they are different. They arc explained in the 
following table. 

Drug Interaction 

Acyclovir Probenecid increases the bioavailability of acyclovir and may increase its half-life. 
Concurrent use of zidovudine and acyclovir may cause severe drowsiness and 
letharav. 

Valacyclovir Administration cimetidine and probenecid, separately or together, reduced the rate, 
but not the extent, of conversion of valacyclovir to acyclovir. The renal clearance of 
acyclovir was reduced. 

Patient information 
I. For herpes zoster, advise patients to initiate treatment as soon as possible after a diagnosis of 

he rpes zoster. There are no data on treatment in itiated > 72 hours after onset. 

2. For recurrent genital herpes, te ll patients to avoid contact with lesions and to avoid 
in tercourse when les ions or symptoms are present to avoid infecting others. If medical 
management of herpes recurrence is indicated, ad vise patients to ini tiate therapy at the first 
sign or symptom of an epi sode. 

Famciclovir and pellciciovir 

Just li ke the prev ious antivirals, these two drugs are grouped together because fameidovir is the 
prodrug of penciclovir. Penciclovir is simi lar to acyclovir in its spectrum of activity and potency 
against HSV and varice ll a but it isn't absorbed well orally. These two work very similar to acyclovir 
in inhibiting DNA. Penciclovir isn ' t as potem as acyclovir. but it stays active in higher blood 
concentrations longer. 
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Indications and dosage 
In its oral fann famciclovir is approved for the treatment of localized herpes zoster. FamcicJovir 
given at 500 mg three limes dail y for seven days is as effective as conventional acyclovir treatmen!. 
FamcicJovir and topical and intravenous formulation s of penciciovir are undergoing clinical trial s in 
various herpes virus infections. 

Contraindications 

Once again. the only listed contraindication is in patients who have shown sens iti vity to these dru gs 
or any of their components. 

Warnings 
I . These drugs are in category B for pregnant women. There arc no adequalc and well­

controlled studies in pregnant women. Use durin g pregnancy on ly i f the benefit to the patient 
clearly exceeds the pOlential ri sk to the fetu s. 

2. II is not know n whether famciclovir is excreted in breast milk. Because of the potential for 
tumorigenicity shown for famciclovir in rats. the provider must decide whether to discontinue 
nursing or to discont inue the drug. taking into account the importance of the drug to the 
mother. 

Drug interactions 
1. T he concurrent use of famciclovir with probenecid may result in increased levels of 

pencic lovir. 

2. After a single dose of digoxin and famciclovir, the concentration of digox in increased by 19 
percent. 

Patient ill/ormation 
I. Famciclovir may be taken without regard to mea ls. 

2. For herpes zoster. begin med ication as soon as he rpes zoster is diagnosed. 

3. For genital herpes, inform patients that famciclovir is not a cure for genital herpes. T here is 
no data evaluati ng whether famciclovir wi ll prevent transmission of infect ion to others. As 
genital herpes is a sexually transmi tted disease. patients should avoid contact with lesions or 
avoid intercourse when lesions or symptoms are present to avoid infecting partners. Genital 
herpes can also be transmitted in the absence of symptoms th rough asymptomatic vi ral 
shedding. 

Antiretroviral agents 
All of the currently approved antiretroviral agents are d ivided into two distinct mechanisms of action. 
The first group. the nucleoside reverse transcriptase inhi bitors, acts by inhibit ing the RNA-dependent 
DNA polymerase of HIV. This enzyme converts the vira l RNA genome into a double stranded DNA 
copy prior to it integrating the cell during the replication cycle. This action blocks acute infection of 
the cell s but is minimall y effect ive in chronica lly in fected ones. Despite the ir common mec hanism of 
action. antiretroviral agents diffe r substantially in their phannacologic properties. including 
intracel lular pathways and tox icologic profiles. Avai lable since 1987. zidovudine was the first agent 
shown to provide clinically important benefits. Since then , a large number o f comparative and 
combination studies have been undertaken. 

The second type of antiretroviral med ication, protease inhi bitors, acts by not al lowing the HIV 
protease to work. HIV protease splits the viral polyprOlein generating functional proteins that allow 
the virus to mature . T he protease inhibitor stops the splitting, thus keeping the virus in an immatu re 
(turned-off) state. It is imponant to note that these agents are never used a lone. Dual or triple 
combination "cocktai ls" are given to reduce the possibility of resistance. 
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These drugs are so complicated and so rarely used in OUf facilities that this is as far as we need to go. 
The table below lists some of the medications and their category. 

Protease inhibitors Nucleoside reverse transctlptor 
inhibitors 

Saauinavir Didanosine 

Rilonavir Lamivudine 

Indinavir Stavudine 

Nelfinavir Zalcilabine 

Amprenavir Zidovudine 

Abacavir 

807. Herbal medications 
Almost overnight, herbal remedies have become a major factor in American health care. BOianicals 
with names like Ginseng, 5t. John's Wort, and Ma huang have suddenly become household words 
through out the United Siaies. The majority of loday' s herbal remedies exhibit varying degrees of 
therapeutic value. Some seem genuinely useful, while others can be very dangerous. As the use of 
unfamiliar botanicals spreads, the need to steer patients towards the few truly useful preparations and 
warn them of ineffective and dangerous alternatives is becoming an increasingly significant priority. 
We don't have time nor space to cover every herbal medication in this course, so what we'll do is 
cover some of the most used and recognizable herbals so that you can be familiar with them. We'll 
talk about the herbals use, dosing, and any contraindications or side effects. As for drug interactions 
(e.g., alcohol may cause excessive drowsiness when taken with herbal medications) we need to know 
this about ALL herbal medications: The drug interactions for herbal medications will be extremely 
close to those of the prescription medications used to treat similar disorders. For example, S1. John's 
Won works in a similar manner to MAO inhibitors and SSRls. 11 makes sense then, that the drug 
interactions would be very similar to drugs such as senraline. With that said, let' s jump into our 
discussion of some of the top herbal se llers. 

Echinacca purpurca 
Echinacea is an extremely popu lar herbal. In fact, it is the number one se ller among herbal 
medications. It is reponed to accelerate the healing of wounds and has produced immune effects 
when given internally or parenterall y. Some of the effects include an increase in the number of white 
blood cell s and spleen cells, increase in the capacity for phagocytosis, elevation of body temperature, 
reproduction of T-helper cell s, and production of cytokines (helpful in treating inflammation). 

Dosing 
The recommended oral dose of echinacea is 300 mg three times daily. 

Contraindications 
Reports recommend that echinacea not be used in systemic diseases such as tuberculosis, leukosis, 
collagenosis. multiple sclerosis, AIDS, HIV infections, or any other autoimmune diseases . 

Drug interactions 
First, please refer to the general discussion on herbal s. Because echinacea stimulates the immune 
system, it may alter the effects of these drugs: 

I. Anabolic steroids. 

2. Amiodarone. 

3. Methotrexate. 

4. Ketoconazole. 

5. Cyc losporine. 
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St. John's Wort 
S1. John's Wort is used as a mild antidepressant and anxiolYlic. Studies have demonstrated that the 
antidepress ive effect may be due to the presence of a monoamine oxidase inhibiting function in the 
active agents. More recent st udies have indicated that the antidepressive effect may be largely due to 
the ability of the herb to inhibillhe re uptake of serotonin. Topically, SI. John's Wort has shown anti· 
inflammatory propenies due to its flavonoid content. 

Indications and dosing 
SI. John's Wort is indicated for anxiety, depress ion, and inflammation of the skin. The average 
internal daily dosage is 2 to 4 grams, and the external dose is 0.2 to 1.0 mg of lotal product. At higher 
doses, photosensitizati on may occur. 

Drug interactions 
If St. John' s Wort is taken with other photosensitizers (such as tetracycline), individuals may bum 
faster when exposed to the sun. Other drugs that can inte ract with this drug are: 

I. Digoxin. 

2. Cyclosporine. 

3. Oral contraceptives. 

Of course, we must remember our gene ral warning; Sl. John's Wort has been linked with serotonin 
syndrome, a serious conditi on in volving fever, sweating, di zziness, and other sy mptoms when taken 
with other Selective Serotonin Reuptake Inhibitors (sertraline, fluoxetine , paroxetine). 

Ginkgo Biloba 
Studies sLiggest that Ginkgo may improve c irculation, memory, and mental function . A component of 
Ginkgo has a potent inhibitory effect on the platelet-acti vating factor by displacing it from its receptor 
sites. In studies Ginkgo has improved glucose utilization and membrane stabi li zing and has reduced 
blood viscosity. Ginkgo increases blood fl ow to the brain and throughout the body's network of blood 
vessels that supply blood and oxygen to the organ systems. 11 increases metabolism efficiency, 
regulates ne urotransmitters, and boosts oxygen levels in the brain wh ich uses 20 percent of the body's 
oxygen. 

J ndications and dosage 
Ginkgo's indications inc lude 

1. Organic brain dysfunction. 

2. Intermittent claudication. 

3. Vertigo (vascular origin). 

4. Tinnitus (vascular origin). 

Drug interactions 
OK, let's review. Ginkgo reduces blood viscosity and inhibits platelets . What will that interact with? 

I. Aspirin. 

2. Dipyridamole . 

3. Ticlopidine . 

4. Warfarin. 

G inseng 

Ginseng is the most famous Chinese herb . It is the most widely recognized plant used in traditi onal 
medicine. Various forms of ginseng have been used in medicine for more than 7.000 years. Several 

• 
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species grow around the worl d. and though some are preferred for specific benefit s. all are considered 
to have si milar properties as an effecti ve gene ral rejuvenator. 

Ginseng contains vitamins A, B-6 and the mineral Zinc, whic h aids in the production of thymic 
hormones, necessary for the functioning of the defense system. The main active ingredients of 
gi nseng are the more Ihan 25 saponin lriterpenoid gJycosides called "gi nsenos ides." These ste ro id-l ike 
ingred ients provide the adaplOgenic properties that enable ginseng to balance and counter the effects 
of stress. T he glycosides appear to act on the adrena l glands, helping to prevent adrenal hypertrophy 
and excess corticostero id production in response to physica l, chemica l, or biologica l stress . 

J ndications and dosage 
The listed indication for Ginseng is the lack of stamina . The average dail y dosage is I - 2 grams of 
gi nseng root. 

Drug interactions 
The dru g interacti ons fo r Ginseng are: 

Orua Interaction 

Warfarin It may increase anlicoaQulanl effects. 

Phenelzine Headache, tremblina, and mania mav occur. 

DiQoxin 1\ may cause monitoring of digoxin response 10 be altered. 

Kava kava 
Kava kava is the most relaxing botanical herb with exception of the opiu m poppy. Pharmacological 
st udies show Kava ka va's active ingredients, kavalactones. produce physical and mental relaxat ion 
and a fee ling of well being. It has also been used in the treatment of ai lments of the genitourinary 
tract including vagin iti s, gonorrhea , and menstrual c ramps. Kava is a di uretic and an anti­
inflammatory, th us useful fo r gou t, rheu mati sm, bronchi al congestion, cystiti s, and prostati s. It is an 
effec tive local anesthetic and pain reliever when applied externall y as a lini ment. The re laxed state 
and sharpening of senses also contribute to an aphrod isiac effect. 

COlllraindicalions, indicalions and dosage 
This drug is contraindicated in patients with endogenous depression because it increases the danger of 
suicide. It is also contraindicated in pregnancy and nursing mothers. Kava kava is used for nervous 
anxiety, stress, and restlessness. The average daily dosage is 60 - 120 mg. 

Drug interactions 
Kava kava may potentiate the effecti veness of substances that act on the central ne rvous system such 
as alcohol, barbiturates, and most other psychopharmacologica l agents. 

Saw Pa lmetto 
Saw Pa lmetto inhibits androgen and estrogen receptor acti vity and may be beneficial for both sexes in 
balanci ng the hormones. Because of its hormonal effects it can aid the thyroid in regulating sexual 
deve lopme nt and normalizing acti vity of those glands and organs. 

For men, Saw Palmetto treats an enlarged and weakened prostate gland. It has shown signi ficant 
action in treatment of conditions assoc iated with benign prostatic hypenrophy (BPH). Saw Palmetto 
extract works to prevent testosterone from convertin g into dihydr01estosterone. the honnone thought 
to cause prostrate cell s to mu ltiply, leading to an enl arged prostate. It is ch iefl y used as a d iuretic and 
to tone the bladder by improving urinary flow, and relieving strain. Regular use of saw palmetto may 
dec rease urinary frequency, especially during the ni ght, by allowi ng complete bladder expulsion and 
reducing inflammal ion of the bladder and enl arged prostrate. 
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Women have used the herb to stimulate breast enlargement and lactation as well as treating ovarian 
and ute rine irritability. It has been prescribed for reduced or absent sex drive, impotence, and 
frigidity. Because of its potential honnonal effects. pregnant women should not use il. 

Indications and dosage 
The li sted indications for Saw Palmetto are prostate complaints and irritable bladder. The average 
daily dose is 1 - 2 grams of the drug or 320 mg of lipophili c ingredients (concentrated materials 
extracted with ethanol ), 

Drug interactions 
There are no listed interactions for this medication . One imponan! note however. Saw Palmetto 
drastically decreases the amount of prostate-specific ami gens (PSA). The test for prostate cancer 
depends on the presence of these anligens. As men self-medicate to treat urin ary conditions, they may 
be masking the presence of prostate cancer. 

Ephedra/Ma huang 
Ephed ra cOnlains two alkaloids, ephedrine and pseudoephedrine. Ephedrine, the main constituent, is a 
bronchodi lator and st imulates the sympathetic nervous system. It has valuable anlispasmodic 
properties. acting on the air passages by relieving swellings of the mucous membrane. 
P~eudoephedri ne is a nasal decongestant and has less stimulatin g effect on the hean and blood 
pressure. Physicians use these a lkaloids to treat bronchial asthma. bronchitis. emphysema, persistent 
coughs, wheezing, and shortness of breath. Ma huang can help the body to break fevers and clear 
blocked sinuses. The alkaloids are also effective in treating all ergic ski n reactions such as hi ves, 
relieve general body pain, and treallow blood pressure, rheumatism, and narcolepsy. 

Because of its stimu lati ng effect on the nervous system. Ephedra can be found in some popular 
weight loss and energy products. For dieters it suppresses the appetite and stimulates the thyroid 
gland , which stimulates metabolism. Recentl y Ma huang has been the subject of sc ientific research 
for obesity because of its thermogenic fat-burning effect on dietary intake. Ephedra can cause 
peripheral vasoconstriction, e levation of blood pressure, and cardiac stimulation, and is often 
combined with olhe r tonic herbs to he lp counleract these effects. 

Ma huang is also found in "energy" products that may give athletes extra energy without drai ning 
their reserves. People a lso indicate an increase in a lertness and perception. Similar to the diet 
formulas, it is often combined with ingredients such as ko la nut or guarana, which cOnlain caffeine. 
Concerns over the potency of this herb and its iso lated alkaloids have prompted increased regu latory 
scrutiny and industry label warnings. COnlraindications and possible side effects should be li sted on 
Ihe boule. COnlraindicat ions include general weakness, poor digestion, high blood pressure, 
nervousness, sleeplessness, cardiac arrhythmi a. and heart disease. It should not be used if you are 
pregnant or nursing. 

Indications and dosage 
The li sted indication is cough or bronchitis. It is also used to treat asthma, stimulate card iovascular 
output, and as a general stimulant. The average single dose is 15 - 30 mg with a total daily dose of 
300 mg bei ng recommended. 

Contraitldications 

This can be a very dangerous drug when used incorrectly. Any patient suffering from anxiety, high 
blood pressure, closed-angle glaucoma, prostate enlargement, or any Iype of heart trouble should 
avoid this drug. 

, 



Drug interactions 
Numerous reciprocal actions have occurred: 

DNa Interaction 

Heart olvcosides Eohedra chanoes the heart rhythm. 

Sympalhomimel ics Ephedra causes an additive effect, 
possiblv causino toxicity. 

Blood pressure medications Eohedra raises blood pressure. 

In general, th is can be a very dangerous OTC medication. An y dru g effecting the eNS should be 
evaluated aga inst ephedra use. 

Self-Test Questions 

After you complete these questions, you may check your answers al the end of the unit. 

804. Antimalarials 
I. List the quinolone antimalarials. 

2. Which antimalari als have a prophylactic dose? 

3. What is the interaction between quinine and oral amicoagulants? 

805. Anthelmintics 
I . What Iypes of infestations are treated wilh mebcndaz.ole? 

2. What type of drugs can reduce mebendaz.ole's effec tiveness? 

3. How does pyrantel work? 

4. What interacti on occurs with pyrantel and theophylline? 

806. Antivirals 
I . In genera l how do antivirals work? 

2. What is the difference between herpes simplex viru s I and 2? 
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3. How are acyclovir and vaJacyclovir related? 

4. Which antiviral isn't avai lable orally due to poor absorption? 

5. How do protease inhibitors work? 

807. Herbal medications 
I . Which herbal is the number one seller among herbal medications? 

2. Which herbal medication is a photosensitizer? 

3. What effect does Gi nkgo Biloba have on platelets? 

4. What vitamins and minerals does Ginseng contain? 

5. Which herbal medication is often used in weight loss products? 

Answers to Self-Test Questions 

800 
I. To destroy or suppress the growth of infec ting microorgani sms so that the body's normal defense 

mechanisms can,gain control of the infection. 

2. Bacteriostatic agents inhibit bacterial growth while bactericidal agents cause bacterial cell death. 

3. Patient age, other diseases, organ impairment/insufficiency, pregnancy, allergies, other concomitant drug 
therapy. 

801 
I. Natural. penicillinase resistant, aminopenicillins, extended spectrum. 

2. Unpred ictable oral absorption, relatively high incidence of allergic reactions, and somewhat limited 
antibacterial spectrum. 

3. The efficacy of oral contraceptives may be reduced and increased breakthrough bleeding may occur. 

4. They are divided inlO groups called ge nerations. 

5. There is evidence of cross-sensitivity in approximatcl y 5 ~ 16 percent of patients. 

6. Iron supplements and foods fortificd with iron reduce the absorption of some cephalosporins. 
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802 
I. They inhibit RNA-dependenl protein synthes is. 

2. Treatment with macrolides alters the normal flora of the colon and may permit overgrowth of clostridia, the 
primary cause of antibiotic-associated coli tis. 

1. Cyclosporin levels become elevated increasi ng the risk of IOxicity. 

4, Tetracycli nes interfere with the prOlein synt hesis of the infectious organism halti ng its growth and 
reproduction. 

5. Tetracyclines are used \ 0 treat Lyme disease, brucellosis, syphilis, and gonorrhea in patients who cannot 
take penici llin. 

6. May cause permanent discoloration of deciduo us and permanent teeth . 

803 
I. Microorganisms that require exongenous fol ic acid and do not synthesize folic acid are not susceptible \0 

Ihl: aClion of sulfonamides. 

2. Sulfonamides are excreted into breast milk and may cause kernicte rus. 

3. Trime thoprim can increase digoxin serum concentrations by reduci ng Ihe secretion of d igoxin. 

4. Sulfisoxazole can potentiate the anticoagulant effects of warfarin. 

5. The addition of a nuorine molecule provides an increased potency agai nst gram-negative organ isms and 
broadens the speCtrum to include gram-positive organisms. 

6. They arc both div ided into generations. 

7. Moderate to severe phototoxic reactions have occurred in patie nts exp~d to direct or indirect sunlight or 
to art ific ial ultraviolet light during or following treatment with nuoroqu inolones. 

8. The e ffects of the anticoagulant may be increased. 

9. They arc poorly absorbed so they are used for suppression of GI bacterial nora. 

10. When used long- term, the incide nce of oto tox icity and nephrotoxic ity increases. 

I I. Yes they can. Ophthalmic antibiotics can cause sensitization, which may contraind icate a drug's later 
systemic use in serious infections. 

12. Ni trofurantoi n microcrystal, macrocrystal, and monohydrate. 

13. Insidious developme nt of dyspnea, nonprodu cti ve cough and malaise after I - 6 months of therapy. 

804 
I. Quinine, chloroqu ine, and mefloquine. 

2. Chloroqui ne and menoqui ne. 

3. The action of the anticoagulants may be enhanced. 

80S 
I. Ascari asis (roundworm), enterobiasis (pinworm ), uncinariasis (hookworm). and trichuriasis (whipworm). 

2. Carbem3Zepine and hydantoins. 

3. It paralyzes the helminth. 

4. Theophylline le vels may be increased. 

806 
I. The replicate usi ng the mechanism of the host ce ll. 

2. The areas of the body Ihat they a ffect. Herpes si mplex type I affects the mouth, face, skin. esophagus. or 
brain. Herpes simplex type 2 affects the geni tals, rectum, skin, hands. or meninges. 

3. Valacyclovi r is a prodrug of acyclovir. 

4. Penciclov ir. 

5. They block the action of Ihe HIV protease, which is vital to the maturation of the cell. 
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807 
I. Echinacea. 

2. 51. John 's Won. 

3. Gi nkgo inhibits platelet forming by displacing it from its receptor sites. 

4. Vitamins A and B---6, the mineral Zinc. 

5. Ephedra. 

Do the Unit Review Exercises (URE) before going to the next unit. 
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Unit Review Exercises 

Note to Student: Consider all choices carefu lly, select the best answer to each questi on, and circle 
the corresponding lette r. When you have completed all unit review exerc ises, transfer your answers to 
Eel Form 34, Fie ld Scoring Answer Sheet. 

Do not return your answer sheet to Eel. 

I. (SOO) What is the goal of anlimic robial lherapy'? 
a. Provide an asept ic e nvi ronment in the boo)'. 
b. Suppress mic roorga nism reproducti on so that the infection dies off naturally. 
c. Eradicate all microorganisms from the body so that body functions may relUrn to normal. 
d. Destroy or suppress the growth of infectin g mic roorganisms so Ihal the body 's normal defenses 
can gain contro l. 

2. (800) Which of the fo llowing is NOT a way that antimicrobial agents exert bacteriostatic or 
bactericidal effects? 
a. Disrupting bacteria l DNA. 
b. Inhibition of protein sy nthesis. 
c. Inhibition of essentia l metabolite syn thesis. 
d . Disrupting bacterial membrane penneability. 

3. (800) Whm classification is given when sta inin g dye is applied to the bacterial cell and is clearl y 
visible under microscopic inspection? 
a. Broad spectrum. 
b. Narrow spcclrum. 
c. Gram posi ti ve. 
d. G ram negati ve. 

4. (800) Which of the fo llowing is a host faclOr that must be considered before init ial ing ant imic robial 
therapy? 
a. Organ impairment. 
b. Drug penetration. 
c . Infection location. 
d. Elimination rate . 

5. (80 I) What antibiotic was the first to be commerc iall y produced? 
a. Penici llin . 
b. Ampic ill in. 
c . Cephalexin . 
d . Erythromycin . 

6. (801) How are penicillins g rouped ? 
a. Allerg ic reactions. 
b. Rate of absorpti on . 
c . Spectrum of acti vity. 
d. Route of admi ni stration. 

7. (801) What does beta-Iactamase do? 
a . Renders penic ill in useless. 
b. Extends the spectrum of penicillins. 
c. Reduces allergic reactions to penici llins. 
d. Reduces the incidence of penicill in-induced d iarrhea. 
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8. (801) What must be present in a bacterial cell in order for penicillin to be effecti ve? 
a. Penicillinase. 
b. Beta~lac tamase. 

c. Acti vely growing ce lls. 
d. Double-stranded DNA. 

9. (80 1) W hat interaction results when probenecid is g iven concomitantl y with penic il iin? 
a . Higher and prolonged penic illin blood leve ls. 
b. Dec reased penicill in blood levels. 
c. Penicillin levels approach toxic ity. 
d. Penici ll in is inactivated. 

10. (801 ) Which of the fo llowi ng drugs is a penicillinase resistant penici llin? 
a. AmoxiciJlin . 
b. Ampicillin. 
c. Oxacillin. 
d. Piperacill in. 

) I . (801 ) Whic h form of pen ic illin is the dosage form of choice in severe infections when rapid and 
high penici llin leve ls are required? 
a. Ampic illin . 
b. Carbenici llin . 
c. Penicillin V. 
d. Penicillin G. 

12. (80 I ) To which class of antibiotic does penici llin have c ross·allergin icity? 
a. Cephalospori ns. 
b. Tetracycl ines. 
c. Sul fonami des. 
d. Macrolides. 

13. (801) Which of the fol lowing cephalosporins is indicated in the treatment of ot it is media? 
a. Cephalexin . 
b. Cefazolin . 
c. Cephapirin . 
d . Cefoxitin. 

14. (80 1) lnlo which generation does Cefp<Xioxime fa ll ? 
a. First. 
b. Second. 
c. Third . 
d. Founh . 

15. (80 1) What interaction occurs when cephalospori ns and amicoagu lants are given concomitantly? 
a . Cephalospori ns are inactivated. 
b. Cephalosporin levels may reach toxicity . 
c. Hypothrombinemic effects of amicoagulants may be increased. 
d. Hypothrombi ne mic e ffects of anticoagulants may be decreased. 

16. (802) Which macrolide is indicated in the treatment of UTJs? 
a. Azithromycin. 
b. Clari thrQmyc in . 
c . Dirithromycin. 
d. Erythromycin. 

• 
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17. (802) What interaction occurs between macroJides and digoxin? 
a. Digoxin concentrations may be elevated . 
b. Digoxin conccnlralions may be decreased. 
c. Macrolides may be less effective. 
d. Macrolide leve ls may reach toxicity. 

18. (802) Wh ich class of amihi01 ic is considered 10 be the first trul y " broad spectrum" antibiotic? 
a. Cephalosporins. 
b. Mac rolides. 
c. Penicillins. 
d . Tetracycl ines. 

19. (802) How do tetracyc lines perform the ir function? 
a. Interfere nce with cell wall formatio n. 
b. Interfere nce with prOlein synthesis. 
c. Destruction of cellular DNA. 
d. Destruction of cellul ar wall. 

20 . (802) What effect does food and/or mil k have on the GI absorption of most oral tetracycl ines? 
a. No effect on absorption. 
h. Absorption is increased by approxi matel y 50 percent. 
c. Absorptio n is reduced by approx imate ly 50 percen!. 
d. Absorption is nullified . 

21 . (802) What effect does tetracycline have o n tooth developmem? 
a , Tempo rary disco loration. 
b. Permanent di scolo rati on. 
c . Improved resistance 10 tooth decay. 
d . Dec reased resis tance to tooth decay. 

22. (802) What interact io n occurs when tetracycl ines are given with iron preparat ions? 
a . lron toxicity may occur. 
b. Tetracycl ine tox icity may occur. . 
c . Tetracyc line absorpti on and effecti veness is inc reased. 
d. Tetracyc line absorption and effecti veness is decreased . 

23. (803) What must an organism do to be susceptible to the action s of sul fonamides? . 
a. Synthesize folic acid. 
h. Not synthesize fo lic ac id . 
c. Not req uire any fo lic acid. 
d . Require exogenous fo lic ac id . 

24. (803) What antibiotic is combi ned with sulfamethoxaxole to treat UTl s. bronchit is, and cholera? 
a. Azithromycin . 
b. Erythromycin . 
c. Sulfisoxazole. 
d . Trimethoprim. 

25. (803) What is the main indicatio n for erythro myc in/sulfisoxazole? 
a. UTls. 
h. Ot itis media . 
c. Bronchitis. 
d . S inusitis. 
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26. (803) Why shou ld caution be used when giving sulfonamides with known allergic reactions to 
thiazide diuretics? 
a. The antibacterial action could enhance any allergic reaction. 
b. The antibacterial action CQuid inactivate any emergency medication. 
c. The su lfonamides are structurally related and may cause simi lar reactions. 
d. Genes causing diuretic allergies make palicnrs hypersensitive to antibiotics. 

27. (803) What type of molecule was added to an older medication to make fluoroquinolones? 
a. Fluoride. 
b. Fluorine. 
c. Quinine. 
d. Quinam. 

28. (803) How long does the post-3mibioric effect of fluoroquinoJones last? 
a. 1 - 3 hours. 
b. 2 - 6 hours. 
c. 12 - 16 hours. 
d. 20 - 24 hours. 

29. (803) What interaction occurs with concomitant usage of fluoroquinolones and theophylline? 
a. Increased chance of fluoroquinolone toxicilY. 
b. Decreased fluoroquinolone effecti veness . 
c. Increased chance of theophylline toxicity. 
d. Decreased theophylline effectiveness. 

30. (803) What class of bacteria do aminoglycosides primarily treat? 
a. Gram-positive. 
b. Gram-negative. 
c. Broad-spectrum. 
d. Third generation. 

31 . (803) Which parenteral ami noglycoside is the most widely used? 
a . Gentamycin . 
b. Lincomycin. 
c. Tobramycin. 
d. Vancomycin . 

32. (803) Why is gentamycin not indicated for long-term therapy? 
u. Ototoxicity. 
b. Allergic reactions. 
c. Loss of effectiveness. 
d. Weakening of the immune system. 

33. (803) Which anti-inflammmory is often added to opht halmic tobramycin to treat infections of the 
cornea or conjucliva? 
a. Betamethasone. 
b. Dexamethasone. 
c. Flulicasone. 
d. Triamcinolone. 

34. (803) How does nitrofuranloin exert its bactericidal effects? 
a. By destroying bacterial RNA. 
b. Interfering with protein synthesis. 
c. By blocking the uptake of folic acid. 
d. By interfering with bacterial carbohydrate metabolism. 

• 
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35. (803) What bodi ly fu nction may be permanently impaired fol lowing c hronic use of nitrofurantoin 
for 1-6 months? 
a. Optic. 
b. Rena l. 
c. Nervous. 
d. Pulmonary. 

36. (803) What class of drug increases nitrofu rantoin bioava il abi lity by delayi ng gastric emptyi ng and 
increasing absorption? 
n. Anl ichoiinergics. 
b. Anticonvu lsants. 
c. Proton pump inhibitors. 
d. Nonstero idal anti- inflammatory drugs (NSA ID). 

37. (804) In what slage of the infection do ma laria symplOms appear? 
a. Wit hin six hOUTS after ex posure. 
b. 24 hours after exposure. 
c. When the sporozoites enler the bloodstream. 
d. When the me rozoites are released into the bloodstream. 

38. (804) What was the first amimalaria drug to be discovered? 
a. Quinine. 
b. Mefloqu ine. 
c. C hloroqui ne. 
d . Hydroxycqloroquine. 

39. (804) What isomer of quinine is also used as an ant iarrhythmic? 
a. Qun icrine. 
b. Quinidine. 
c. Chloroquine. 
d . Mefloqu ine . 

40. (804) How do quinine and oral anticoagulants interact ? 
a. The anticoagulant acti on is decreased . 
b. The anticoagulant action is increased . 
c. Q uinine acti on is decreased. 
d . Qu inine action is increased. 

4 1. (805) What term is give n to drugs that kill intestinal worms? 
a. A nlhe lmintics. 
b. Pedicu los ides. 
c. Verm icides. 
d. Vermifuges. 

42. (805) How does mebendazole perform its a nthel mint ic acti on? 
a. Paralyzation. 
b. C hemical sterili zation . 
c. Bloc ks glucose uptake. 
d. Inact ivat ion o f oxygen tran sfonnation. 

43. (805) Treatment of whic h parasite consists of only one dose of mebendazole? 
n. Roundworm: 
b. Hookworm. 
c'. Whipworm. 
d. Pin worm. 
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44. (805) What interaction occurs between' mebendazo le and hydantoins? 
a. Hydanto in tox ic ity is increased. 
b. Hydantoin effecti veness is decreased. 
c. Mebendazole toxicity is inc reased. 
d. Mebendazole e ffecti veness is decreased. 

45. (805) How does pyrantel perform it s anthel mintic action? 
a. Paralyzation . 
b. Che mica l sterili zation. 
c. Blocks glucose uptake. 
d. lnactivati on of oxygen transformation. 

46. (805) What interaction may occur between pyrantel and theophylline? 
a. Increased theophylline levels. 
b. Decreased theophylline levels. 
c. Inc reased pyrante llox icity. 
d. Decreased pyrantel effectiveness. 

47. (806) How is va\acyclovir converted to acyclov ir? 
a. Neurotransmiuer conversion at receptor sites. 
b. Enzyme breakdown in the stomach. 
c. First pass effect in the liver. 
d. Vi ru s-cell metabolization. 

48. (806) How does acyclovir cause herpes simplex virus cell death? 
a. Br~aks down ce ll wall. 
b. Destroys cellul ar RNA. 
c. Disrupts cellular DNA replication. 
d. Inhibits cellu lar protein symhesis. 

49 . (806) Which of the following antiviral s is not used o ra ll y due to poor absorption? 
u. Acyc lovir. 
b. Famciclov ir. 
c. Pcnciclovir. 
d. Valacyc lov ir. 

50. (806) What interaction occurs between famciclovir and digoxin? 
a. The concentrati on of digoxin decreases. 
b. The concentration of digoxin increases. 
c. Famciclovir is inactivated. 
d. Famciclovir tox ic ity is increased. 

51. (806) Which of the following antiret roviral agents acts by inhibiti ng the DNA of HfV? 
a. Indi navir. 
b. Ritonavir. 
c. Zidovudi ne. 
d. Saquinavir. 

52. (807) What drug interaction information holds true for all herbal medicatio ns? 
a. Patients taking antibiotics should not use herbal medications. 
b. Alcohol may cause excessive drowsiness when taken with herbal medications. 
c. Li ver tox icit y is increased when taking acetaminophen concomitantly with herbal medications. 
d. Drug interact ions fo r herbal medications will be similar to prescription med ications for the 
same di sorder. 

• 
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53. (807) Which of the following medications is most likely to interact with echinacea purpurea? 
a. Digoxin. 
b. Dipyridamole. 
c. Cyclosporine. 
d. Oral contraceptives. 

54. (807) Which herbal med ical ion is considered to be the mosl relaxi ng? 
a. Ginseng. 
b. Kava kava. 
c. Ginkgo Bi loba. 
d. Saw Palmetto. 

55. (807) Which herbal medication inhibits androgen and estrogen receptor activity to help balance 
hormones? 
u. Ginseng. 
b. Kava kava. 
c. Saw Palmeuo. 
d. Ginkgo Bi loba. 

56. (807) Which of the following is nol a side effect of ephedra/rna huan g? 
a. Peripheral vasoconstriction. 
b. B lood pressure elevation. 
c. Cardiac sti mulation. 
d. Drowsiness . 

Please read the unit menu ror Unit 2 and continue. -+ 
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Student Notes 
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Unit 2. Use of Emergency Drugs and Medical Devices 
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CARDIAC arrest is an absent or inadequate ventricul ar cont rac tion that immediately results in 
systemic circul atory failure. Symptoms include loss of consc iousness. rapid , shallow breathing 
lead ing rapidl y to apnea, profound arterial hypotcnsion accompanied by nonpalpable pu lses 

ovcr major vesse ls. and absent heart sounds. Within several minutes, the resultant arte rial hypoxemi a 
leads to progress ive cyanosis and loss of the pupillary light reflex (d ilated pupils) . 

Cardiac arrest is a medical emergency taki ng precedence over all others except ex ternal hemorrhage 
to the point at which life can no longer be sustai ned or airway obstruction that should be contro lled 
simultaneously. Cardiac arrest can result from cardiac causes (e lectrical dysfunction or mechanical 
fail ure), circul atory shock. or abnormalities in ventilation lead ing to cardiopulmonary arrest. 
Alt hough either the heart or lungs may fa il fi rst, the two events usuall y are close ly re lated. 

2- 1. Use of Emergency Drugs and Medical Devices 
Li fe is not always predictable; sometimes situations occur that needs special treatment. The 
medicat ions discussed in thi s un it primary are used for those emergency si tuations. Whether it 's a 
cardiac emergency or a poisoning, the correc t med ication give n at the correct time is critica l. We will 
discuss those emergency med ications. along wilh some other items that we someti me take for 
granted- medical devices. 

In thi s seclion we discuss the dru gs used in the treatment of cardiac arrest and it s associated 
symptoms. There is also a short discussion on the use of some medical devices that we all should be 
fami li ar with . 

808. Drugs for emergency situations 

The drugs in thi s lesson are used in the treatment of ventricular fi brillation (VF), ventricular 
tachycardia (V.T), bradycardi a, asystole, e lectromechanical dissociation. and narcotic overdose. 

Drugs for ventricula r fibrillation or ventricular tachycardia 

Lidocaine 
Lidocaine remai ns the standard therapy for VF or VT and is used with countershock to conven VF. 
Onset of action is immediate after rapid IV administration. but a constant infusion is required to 
mainta in therapeutic blood levels. 

Lidocaine is a wide ly used antiarrhythmic. Administered parenteral ly. lidocai ne is an effective 
an tiarrhyt hmic agent and is considered the drug of choice in the treatment of acute, life -threaten ing 
ventricular arrhythmias. Recently, the drug has also been considered for use as a prophylactic agent in 
the prevention of arrhythmias following acute myocardial infarction. 

Procaillamide 
Procainamide is used to treat VT unresponsive to lidocaine and to suppress ventricular eetopy. which 
can predi spose to VF. 
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Procainamide is a pOient antiarrhythmic agent used in the treatment of severa l cardiac arrhythmias 
including atrial fibrillation, atrial flutter, paroxysmal atrial tachycardia. and ventricular tachycardia. A 
derivative of the local anesthetic procaine, procainamide is similar in action to quinidine and 
di sopyramide. 

Epinephrine 
Epinephrine is the first-line drug for VF when initial defibrillation fails . It is an endogenous 
catecholamine that is produced primarily in the adrenal medulla from norepinephrine. Epinephrine 
stimulates both alpha- and beta-adrenergic receptors. Nonspecific beta-stimulation. combined with 
moderate alpha agonism, results in inotropic (influencing the cOnlractility of muscular tissue) effects 
equal to those of dopamine and dobutamine but greater chronotropic (affecting the rate of rhythmic 
movements, such as heartbeat) effects than either agent. 

Bretylium 

Ventricular fibrillation or tachycardia that is resistant to lidocaine and defibrillation, or is recurrent on 
lidocaine, may be treated with bretylium tosylate. Bretylium may be delivered by intermittent rapid 
rv injection or as a continuous infusion. 

Bretylium is an intravenous antiarrhythmic. Bretylium is indicated for the treatment of ventricular 
fibrillation and unstable ventricular tachycardia. ahhough it is not considered a first-line agent. 

NOTE: The effects of procainamide and bretylium may be additive with lidocaine and direct current 
(DC) countershock in treating VF or VT. 

Drugs for bradycardia, asystole, and electromechanical dissociation and miscellaneous 
emergency medications 
The term asyslOle describes absent cardiac contraction and ECG evidence of cardiac electrical 
activity. Asystole is treated by IV or intra-airway administration of epinephrine. Atropine sulfate can 
also be given if rhythm is not restored. Intracardiac injection of epinephrine is not recommended 
unless IV and/or airway routes are inaccessible because of complications of pneumothorax. coronary 
artery laceration, cardiac tamponade. and prolonged interruptions of cardiopulmonary resuscitation 
(CPR). 

Drugs used in the treatment of bradycardia, asystole, and electromechanical dissociation 

Epinephrine 

Epinephrine has combined alpha- and beta-ad renergic receptor properties and several beneficial 
effects during CPR. Alpha effects may augment peripheral and coronary diastolic pressure, thereby 
increasing perfusion to subendocardial regions during chest compressions. This may. in turn. generate 
electrical activity and increase the cardiac contractility, thus increasing cardiac output. Since good 
absorption of epinephrine occurs from the lungs, its administration should not be delayed if there is 
difficulty in starting an IV line. It can be administered through an endotracheal tube. Intravenous 
doses can be given every five minutes as needed, but it should not be administered concurrently in the 
same IV line with alkaline solutions. 

Atropine 

Atropine is a parasympatholytic that increases heart rate and conduction. It may be useful for 
bradyarrhythmias with myocardial ischemia. 

Atropine is a naturally occurring tertiary amine extracted from belladonna alkaloid. Atropine is the 
prototype antimuscarinic from which other anti muscarinic agents were developed. Atropine has many 
uses, but it is most commonly used systemically to treat bradycardia and as a preoperati ve agent to 
reduce sec retions prior to surgery. 



• 

, 

2-3 

Isoproterenol 
Isoproterenol has beta-sympathomimetic action and is used to increase heart rate for a slow 
idiovent ricular rhythm in the absence of effective circulation or symptomatic bradycardia 
unresponsive to atropine. Excessive beta-adrenergic acti vity can increase myocardial oxygen 
consumption and worsen ventricular arrhythmias, especiall y if myocardial ischemia is present . When 
it is given in excessive doses, arterial hypotension may result from peripheral vasod ilation. 

Other medicaI;olls used ill cardiac emergencies 
Propranolol. verapamil, soclium bicarbonmc. calcium chloride. and naloxone are frequent ly used in 
emergency situations. There is also a short di scussion of dru gs used 10 treat circulatory shock. 

Propranolol 

Beta·adrenergic blockers can be used to control symptomatic su praventricular tachyarrhythmias. At 
times, malignant ve nlricu lar arrhythmias can al so be controlled using beta· blockers. although extreme 
caution must be observed in patients with tlsthma. cardiac failure. o~ depende ncy on adrenergic 
SUppOI1. 

Propranolol is the beta·b locker thai has been used most extensively. Some oflhe newer beta·blockers 
(e.g., esmolol) have a much shoI1er duration of action and may be more efficacious when the concern 
of adverse reactions is high. However. there has been re lati vely less experience with these newer 
agents. 

Verapamil 

Verapamil is the pharmaco logical agent of choice for the conversion of paroxysmal supraventricular 
tachycardia (PSVT). Hypotension from thi s drug may be treated with calcium chloride. Vernpamil 
may a) so be usefu l in controll ing other symptomatic supra ventri cular tachycardias. but has been 
assoc iated with cardiovascu lar deterioration in sustained VT. 

Sodium bicarbonate 
Sodium bicarbonate is no longer recommended as initial, automatic therapy for cardiac arrest, since it 
may induce paradoxical acidosis of the brain and hcaI1. hyperosmolarity. hypematremia or alkalemia, 
and may inhibit the re lease of oxygen by the blood. Other adjuncts (e.g., defi brillation. venti lation, 
cardiac compression. and drugs) should be tried first unless the cause of arrest is preexist ing acidosis. 
hyperkal emia, or tricyclic overdose with complex ventricular arrhythmias. When it is used , 
adminiSlfation should be dictated by aI1crial pH monitoring' (q 5 min). 

Calcium chloride 

Calcium chloride is no longer recommended except in the case of hyperkalemia, hypocalcemia, or 
calcium channel blocker tox ic ity since high circulating levels of calcium may also have adverse 
effects. Other forms of calc ium (e.g., calcium gluceptate or calcium gluconate) may be used. Caution 
is necessary when digitali s toxici ty is a potential cause of the arrest. 

Naloxone 
The narcotic antagonist naloxone is clinically use ful in the reversal of narcotic· induced respiratory 
depression. Naloxone. a pure narcotic antagonist. will precipitate abstinence syndrome in the presence 
of narcotic addiction. Because it is devoid of undesirable agonist properties, naloxone is preferred for 
reversal of narcotic·induced respiratory depression. Naloxone prevents or reverses opioid effects 
including respiratory depress ion, sedation and hypotension; it can reverse psychotomimetic and 
dysphoric effects of agonist·antagon ists. The mechanism of action is not fu ll y understood; however, 
evidence suggests that naloxone antagon izes the opioid effects by compet ing for the same receptor 
sites. Nalozone is an essentia ll y pure narcotic antagoni st (i.e .. it does not possess "agoni stic" or 
morph ine·like propeI1ies). Naloxone does not produce respiratory depression, psychotomimetic 
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effects or pupillary constriction. In the absence of narcotics or agonistic effecis of other narcotic 
antagonists. naloxone exhibits essentially no pharmacologic activity. 

Drugs used to treal circulatory shock 
Circulatory shock (hypotension following restoration of spontaneous circulation) after cardiac arrest 
is fIrSt treated by cautious IV volume infusions if left ventricular failure is not evident. For severe 
arterial hypotension unresponsive to volume replacement. the following dru gs are useful in titrated 
doses by con tinuous infusion: dopamine (inotrope), epinephrine (inotrope and vasoconstrictor), 
norepinephrine (peripheral vasoconstrictors), or phenylephrine, with lilrmion as needed to restore 
blood pressure (BP). Vasoactive drugs should be used in the minimal dose necessary to achieve a 
satisfactory BP since they may increase vascular resistance and decrease organ perfusion, especially 
in the mesenteric bed. Sometimes CPR must be resumed after resuscitation and continued until 
adequate ventilation, palpable pulse. and acceptable BP indicate stabilized cardiorespiratory function. 

Epinephrine is the most valuable drug for the emergency treatment of severe allergic reactions. The 
vasoconstrictor effect of epinephrine on the capillary directly antagonizes the generalized vasodilation 
produced by histamine. Epinephrine reverses the increased permeability of dilated capillaries to 
plasma. The shock of severe allergic reaction is due to the loss of circulating blood volume by 
pooling in the dilated capillary beds and loss of plasma into the ti ssues. Epinephrine quickly restores 
circulating blood volume and blood pressure by constricting the capillary bed. The itching during 
episodes of hives or angioedema is promptly relieved by e pinephrine. 

Epinephrine is a powerful relaxer of the smooth muscles of the bronchioles, stomach, intestine, 
pregna nt uterus, and urinary bladder wall. The bronchospasm, wheezing. and dyspnea of acute 
allergic reactions are re lieved. Where abdominal cramping, defecation, or involuntary urination have 
occurred during severe allergic allacks, epinephrine rapidly produces relief. Subcutaneous or 
intramuscularly administered epinephrine has a rapid onset and short duration of action. 
Subcutaneous administration during asthma attacks can produce bronchodilation within five to 10 
minutes, and maximal effects can occur within 20 minutes. There are two forms of epinephrine thai 
;Ire routinely dispensed to outpatients: anaphylaxis emergency treatment kits and epinephrine auto­
injectors. 

Anaphylaxis emergency treatment kit 
An anaphylaxis emergency treatment kit contains the following items: 

1. One syringe containing two single doses of epinephrine injection. USP. (J: 1000) for 
intramuscular or subcutaneous Injection only. 

2. Four chlorpheniramine maleate, USP. 2 mg tablets. 

3. Two sterilizing swabs. 70 percent isopropyl alcohol. 

4. One tourniquet. 

5. One patient direction sheet. 

Indicatiolls 
Anaphylaxis emergency treatment kits are indicated for use by adult and pediatric patients under the 
following conditions: 

I. Allergic reactions including anaphylactic shock due to stinging insects (primarily bees, 
wasps. hornets, yellow jackets. bumble bees, and fire ants). 

2. Severe allergic or anaphylactic reactions due to allergy injections. exposure to pollens. dusts, 
molds, foods. drugs. and exerci se or unknown substances. 

3. Severe, life-threatening asthma attacks characterized by wheezing. dyspnea. and inability to 
breathe. 

'. 
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Drug interactions 

The effects of epinephrine may be poten ti ated by tricycl ic antidepressants, levothyrox ine, and 
antihistamines. Epinephrine should not be administered concomitantl y with other sympathomimetic 
agenls, since the effects are additive and may be detrimenlal to the patient. 

COil t rai nd i ca t ;OIlS 

Epinephrine is contraindicated in patien ts with the certain conditions. 

I. Epinephrine is contraindicated in cardiac dilation; cardiogenic, traumatic, or hemorrhagic 
shock; cerebral aneri oscle rosis; narrow-angle glaucoma; or organic brain damage. 

2. Epinephrine should not be used 10 counteract circulatory coll apse or hypertension due to 
phenol hi azines, since such age nts may reverse the pressor effecI of epinephrine, leading to a 
further lowering of blood pressure . 

3. Epinephrine must not be given inlra-anerially, as marked vasoconstricti on may resull in 
gangrene. 

4. This unit is not intended for intravenous use. Further dilution would be necessary and is not 
practical with this emergency syrin ge. 

5. Intramuscular injections of epinephrine into the buttocks should be avoided since the 
vasoconstriction produced by the epinephrine reduces the oxygen tension of lhe tissues, 
enabli ng any anaerobic Clostridium welchi; that may be present on the buttocks to multiply 
and possibly cause gangrene. 

Patiellt ill/ormatiol1 

For all patient s, convey the following directions: 

I. If an allcrgic reacti on (as desc ri bed by your health care provider) occurs, use the epinephrine 
injection immediately. 

2. If you have used the epinephrine injecti on, be sure to tell the health care provider or go to the 
nearest hospital emergency room. 

3. If you have been stung by an insect, remove the insect's st inger with your fingernails, if 
possible. Be carefu l not to squeeze. pinch, or push it deeper into the sk in . Ice packs or baking 
soda soaks, if available. may then be applied to the area stung. 

4. Specific directions fo r proper administration are provided with this kit. Please read entire 
direc tion sheet before an emergency arises. 

5. This injection is for subcutaneous or intramuscular injection on ly. It is not intended for 
intravenous use. 

6. Epinephrine is light sensitive and shou ld be stored in the box provided. 

7. Keep at room temperature; protect from freezing. 

8. Do not try to force air out of the syringe until you are ready to use the epinephrine. This may 
rupture the seal and allow the epinephrine solu tion to contact the metal promoting 
deterioration. 

9. Never remove the rubber protector over the needle until you are ready to llse the syrin ge. This 
may cause the need le and contents to become contaminated. Any epinephrine solution in 
contact wi th the needle may cause rust ing of the needle. 

10. Period ically check the contents of the syringe. If discolorat ion or prec ipitate is present, DO 
NOT USE. Obtain a replacement syringe. 

II . Periodically check the expiration date on the sy ringe. If ex piration is near, re-order a new 
syringe and di scard the outdated syringe after you receive a new one. 
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Epinephrine auto-injectors 
The epinephrine auto-injectors contain 2 m1 of epinephrine injection for emergency intramuscular 
use. Each epinephrine auto-injector deli vers a single dose of OJ mg epinephrine from epinephrine 
inject ion, USP 1: 1 000 (0.3 mL) in a sterile solution. The pediatric epinephrine auto-injector deli vers a 
si ngle dose of 0.15 mg epinephrine from epinephrine injecti on, USP 1 :2000 (0.3 mL) in a sterile 
solution. All of the indications. contraindications, and other information pertaining to the anaphylaxis 
kit epinephrine also apply to the auto-injector. 

To use the epinephrine auto-injector: 

I. Remove the gray safety cap first. 

2. Place the black tip on the thigh. at a right angle to the leg. 

3. Press hard inlo the thi gh until the auto-injector functions. Hold in place for several seconds. 
Then remove the auto-injector and discard . 

4 . Massage the injecti on area for 10 seconds. 

809. Use of selected medical devices 
Medical dev ices were also hit hard with cutbacks in the past few years. Even though your pharmacy 
'!lay not stock all of these items. the topics discussed in this lesson are still very relevant. 

Diagnostic glucose monitoring 
All diabetic patiems should be instructed in self-glucose monitoring. and insulin-treated patients 
shou ld be taught to adjust their insulin dosages accordingly. A variety of commercial reagen t strips 
are available for determining the glucose concentrations in a drop of fingert ip blood. The results are 
determined by comparing the mip·with a color chart provided by the manufacturer or by lI si ng a 
reflectance meter that provides a numeric read-out. (Glucose concemration in fin gertip blood is 
equivalent to that in ve nous plasma.) A spring-powered lancet is recommended to obtain the fingertip 
blood sample.The patient' s testing teChnique should be eva luated at regular intervals. The frequency 
of testing is determined individually . Insulin-dependent diabetes mellitus (100M) patients usually 
monitor their plasma glucose fasting, one hour after each meal and at bedtime daily or at least twice 
weekly.lt is desirable for patients with non-insulin -dependent diabetes mellitus (NIDOM) to monitor 
weekly in a similar way. 

Patients with 100M should be instructed in testing for urine ketones with commerciall y available 
reagent strips. They should be advised to test for urine ketones whenever they first develop symptoms 
of a cold. flu, or other concurrent illness; nausea, vomiting, or abdominal pain; polyuria; or if they 
find an unex pectedly hi gh plasma glucose level upon self-glucose monitoring. Tests for ketones in all 
urine samples are recommended in IDOM patients who exhibit persistent. rapid. and marked 
fluctuations in their degree of hyperglycemia. 

Insulin syringes 

Insulin is routinely provided in preparations containing 100 units/mL (U-l 00 insulin) . It is injected 
subcutaneously with disposable insulin syringes calibrated for use with V- IOO insulin. which are 
commercially available with maximal capacities of 100 units ( I mL), 50 units (0.5 mL), and 30 units 
(0.3 mL). Patienls who routinely inject doses of:::; 50 units generall y prefer the smaller syringes 
because they are more easily read and facilitate the accurate measurement of smaller insulin doses. A 
muhiple-dose insulin injection device, commonly referred to as an insulin pen, is designed to use a 
cartridge containing several days' dosage of a semisynthetic human insulin preparation. Some 
diabetics who take multiple daily insulin injections prefer its convenience in transporting their insu lin 
supplies. Remember, insulin should be refrigerated but never frozen; however, most insu lin 
preparati ons are stable at room temperature for months. which facilitates their use at work and when 
traveling. 

• 
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Condoms 

Condom use, the third most common contraceptive met hod in the USA (a.fter male/female 
sterilization and oral contracept ives), is the only reversible, effective male contraceptive method other 
than coitus inte rruptus (withdrawal), If used properly, the condom al so provides considerable 
protection against sex uall y transmitted di seases and sex ual transmiss ion of HJV . T he condom should 
nOI be applied ti ghtly (the lip should overl ap about V2 inch to collect the ejaculate), and mu st be 
removed carefull y so that none of the content s is spilled. The f<:t ilure rate with careful use is from 3 to 
4 percent. Addi ng a spermicidal agent, eithe r in the lubricant or by insertion into the vagina, may 
furthe r lower this rate. 

Vaginal foams, creams, suppositories, and sponges 

These agents must be placed into the vagina before each coital ac t. They conta in a spermic ide. usua ll y 
nonoxynol9 1hal immobilizes or kill s sperm on contact; they also provide a mechanica l barner to 
sperm. No single type of foam or suppository seems to be more effecti ve then another, but the 
contracept ive sponge has the advantage of re maining effecti ve for 24 hours. Its fa il ure rate is abOlil 
the same as that of the diaphragm. Efficacy with all these agents increases greatly as the woman' s age 
increases; in women over 30 years of age, it is similar to that of the intrauterine device (IUD). 

Drug delivery system for use with metered dose inhalers (MOl) 
T hese portable drug de li very systems hel p metered dose inhalers de li ver medication to the lungs. 
These systems are designed to improve the deli very of these med icat ions making it easier for the 
patient to use them. 

Some patients using MDls may not be getting all their medication. MDis do provide a convenient and 
effecti ve mcthod for deli verin g drugs, but it is not easy to lise them correctl y. Patient s must carefully 
time cach breath while squeezing the MOl downward . If the ir timing is incorrec t, the full dose of 
medicat ion may not be del ivered deep into their lun gs. 

Portable drug del ivery systems make it simpler to use MDls correctly. There are three basic types of 
delivery systems used wit h MDIs. 

Spacer 
The simplest system is commonly called a "spacer." h isn' t much more than a 6 inch tube. about 2 
inches in diameter with a mouthpiece on one end and an MDl adapter on the other. The patient shoots 
the MDI medicat ion into the tube; the ex tra s pace between the MOl tl nd the patient 's mouth keeps the 
medication from shootin g against the back of the throat giving an increased chance for proper 
inhalat ion. 

Valved·chamber 
A valved ·chamber system can be used. It is s imilar to the spacer in size and shape. However, on the 
mouthpiece end, inside the chamber is a one-way va lve that allows air to pass in onl y one direction ­
out the back of the chamber. The mouthpiece is also adaptable to attach a mask to he lp admi nister 
medication to pat ients with spec ial needs. The operation of this device is similar to the spacer. The 
patient releases the medicati on into the chamber and . after allowing the panicles 10 suspend in the air 
inside the chamber, inha les deeply. T he medication is well d ispersed inside the chamber. 

Bag device 
There is the bag device system. The MDI medication container must be removed from its holder in 
order for thi s device to be used. The medication canister fit s on top of the mOllthpiece and then a 
plastic bag is attac hed. After the patient presses down on the metered dose inhaler. med ication is 
released and stored in the bag. giving the patient a chance to breath in the medication in more than 
one breath. This does away with the need for carefu l coordi nation when ttlking a breath and releas ing 
the spray. Th is system has a spec ial feature to help teach patients better breathing tec hniques. When a 
patient is using this type of drug deli very syslem correctl y (taking a slow, deep breath that he lps get 
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the medication deep within the lungs), the bag collapses and the patient does NOT hear a whistling 
sound. But. if the patiem breathes in too fast (a common mistake that can reduce the effectiveness of 
the trealmem), he or she hears a whistling sound. This signals the patient to breathe slower. This slow 
breathing and holding one's breath after taking each dose of medication is necessary to obtain more 
complete relief. 

Self-Test Questions 
After you complete these queslions, you may checli your answers at the end of the unit. 

808. Drugs fo r emergency situations 
I. What drugs are used to treat ventricular tachycardia and ventricular fi brillation? 

2. What is asystole? 

3. How is propranolol used to treat cardiac emergencies'? 

4. How does naloxone work? 

5. What condition could result if epinephrine is given intra~arterially? 

809. Use of selected medical devices 
I. When should insulin-dependent diabetics test their urine ketones? 

2. What are the three types of deli very systems for metered dose inhalers? 

2- 2. Drug and Chemical Poisonings, and F irst-aid for Poisonings 
Worldwide, more than 9 million natural and synthetic che micals have been identified . Fortunately, 
fewer than 3,000 cause more than 95 percent of accidenta l and deliberate poisonings. Identifying a 
poison and accurately assessing it s potential tox ici ty are critical to a phys ician' s successful 
management of poisoning. The phys ician must rely on simple general supporti ve treatment unless a 
specific " toxidrome" (toxicologic symptom complex) is pinpointed. Increasingly. physicians are 
depending on local or regional poison control centers for technical information, particularly 
concerning ingredient data (tox ic potentials) and consultations. 

Some phannacies are very in volved in dru g and chemical poisonings when they occur. Other 
pharmacies simply restock antidote kits after they are used. Whatever your role. thi s section will be of 

• 
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great assistance to you when you are in volved in a poisoning situation-whether yOll are at home or 
at work in the hospita l. 

810. Types and effects or drug or chemical overdoses and poisonings 
Poisoning should be considered in the di fferent ial diagnosis of any unexplained symptoms or signs. 
espec ially in chi ldren less Ihan fi ve years old. Similarly, in a young adult, any disparity between 
expected hi story and c linical findi ngs should suggest poisoning. Recently, poisoni ngs among the 
e lderly (especiall y medicat ion mi x-ups), among hospila li zed patients (dru g errors), among workers 
ex posed 10 occupalional chemicals. and as a result of environmental pollution ha ve been increas in gly 
recogni zed. Often. the type and speed of onset of the 100al clinical picture wi ll confirm or refute a 
suspicion of poisoning. Occasionally. the absence of a specific finding wi ll be as important as its 
presence. Any pertinent hi story should be secured and the person and premises inspected for traces of 
drugs ( i.e., imprint identificat ions on solid medication forms, alcohol, etc.) particularly for the 
unconsc ious patient. 

Ingredients. first·aid measures. and antidotes often printed on product containers may pc inaccurate or 
out of date. Information about household and industrial chemicals can be obtained through poison 
centers in all parts of the USA and Europe. Consu ltation with the centers is encou raged. The name of 
the nearest center is often listed under Emergency Numbers in the local telephone dircctory. or is 
available from the operator. 

This lesson begins wilh a defi nition of toxicology. That is followed by a disc ussion of the types of 
poisons and poisonings. the local and systemic effects of poisons. and the routes of cntry for poisons 
into the body. 

Toxicology 
Toxicology is the div ision of medical and biological science concerned with toxic substances. This 
includes detecting them. studying their chemistry and pharmacological action, establi shing antidotes 
and Ireatmem of toxic manifestations, preve nting poisonin g. and methods for comrolling exposure to 
harmful substances. 

Poisons 
A poison is anything that chemically causes illness or death if it gels into or onlO a human body in 
suffi cient quantity. 

Types of poisons 
Poisons come in many forms-l iquids. gases, and solids-and from many sources. They may be 
natural or synthetic. See thei r descripti on in the following table. 

Type Description 

Natural Natural poisons include the toxic chemicals present in many types of plants and the venom 
produced by various animals (such as snakes and spiders). Toxic substances produced by 
various bacteria in food are also natural poisons . 

Synthetic Synthelic poisons include industrial chemicals and minerals, the chemicals used in 
household products. and all prescription and nonprescription druQs. 
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Types of poisonings 
There are two Iypes of poisonings: acute and chronic. 

Type Description 

Acute Acute poisonings are normally the result of an accidental poisoning or a suicide 
attempt. An acute poisoning is a sudden poisoning. The effects 01 the poison on the 
body are immediate or occur shortly after the exposure. The symptoms run a short 
course and can be mild to severe, depending on several factors: 

• Type of poison. 

• Amount of poison involved. 

• How the poison enters the body. 

• length of lime poison stays in the body. 

Age, size, and health of the victim. 

Chronic Chronic poisoning normally involves repealed exposures to small doses of a poison. . Symptoms may take months or years to develop, Identif ication of the cause of chronic 
poisoning can be extremely difficult- if it is even recognized as a pOisoning. 

Chronic poisonings are normally the result 01 repealed exposures to toxic substances in 
the workplace or other environment. An example is lead poisoning in children. This type 
of poisoning is caused by ingestion of pieces of lead-based paint over a period of time. 

Local and systemic effects of poisons 
Once in or on a victim's body, poisons cause damage in various ways. This damage can be divided 
into two categories: local effects and systemic effects. 

Local effects 

Local effects occur at Ihe place where the poison entered or touched the body. For example, acid 
bums any sk in or ti ssue it touches. 

Systemic effects 
Systemic effects in volve the victim' s cenlral nervous syslem, breathing, blood circulation, or vital 
organs (pan icularly the li ver, kidney, and lungs) . These effects are the result of poisons being 
absorbed into the blood and carried through the body. Systemic effecls are more serious Ihan local 
effects, and some are life-Ihreatening. 

Many poisons can cause both local and systemic effects. They may cause damage entering-the body 
and even more damage once they are inside the body. Even th ough most poisons affect several pans 
of the body, seri ollS illness or death usual ly results from damage to one organ (e.g., the li ver) or body 
function (e.g., breathing or blood circu lation). 

• 
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Routes of entry 
Poisons can enter our bodies in four ways. They are discussed in the following table: 

Route Description 

Absorption (through the skin or inlo A variety of substances cause damage when they come in contact with 
the eyes) the skin or the eyes. Many 01 these substances can cause further 

damaae if they are absorbed throuah the skin into the blood. 

Ingestion (by mouth) Almost 90 percent of all poisoning accidents involve ingested or 
swallowed 'poisons. 

Inhalation (by nose or mouth) Numerous types of inhaled gases, lumes, vapors, and dusts can cause 
injury. Some of these, like carbon monoxide, cause acute poisonings. 
Others, such as asbestos dus!. cause chronic ooisoninas. 

Injection (into the skin) Health care providers use needles to inject medicinal drugs into our 
bodies. !?nakes and insects inject poisons into our bodies when they bite 
or sling. The poison enters the skin through the snake's fangs or the 
insect's stinger. Many drug overdoses (intentional or accidental) involve 
in jected poisons. 

811. Providing first-aid for poisonings (outside the hospita l setting) 
The longer a poison is in or on the body, the more damage it does. Consequently, all poisoni ngs are 
considered medical emergencies and require immediate anent ion. The damage a poison causes is. in 
large part, determined by how the poison enters the body. and first*aid measures differ wi th the route 
of entry. 

In thi s lesson we describe first-aid for poisonings outside the hospital sening. We give instructions for 
ingested. inhaled. injected. and absorbed poisonings. 

Gencrallirst-aid for ingested poisonings 
There are three general categories of in gested poisons: 

Corrosive (caustic) Petroleum-like substances Other substances 
substances (neither corrosive nor 

Detrofeum-likeJ 

• Antirust solutions • Floor polish and wax • Medicines 

• Drain cleaners • Furniture polish and wax • Drugs 

• Fertil izers • Gasotine • Plants 

• Household bleaches • Kerosene • Food poisoning 

• Metal polishes • Lighter fluid • Household products 

• Paint and varnish 
removers 

• Photographic 
devetopers 

• Refrigerants 

Most accidentall y ingested poisonings in volve substances that are neither corrosive nor petroleum­
like. The di versity of these substances is enormous and is not restricted to liquids. Some substances 
(such as plants that irritate the skin) may cause loca l effects. but the main concern following the 
ingesti on of any substance is the possibility of systemic effects. The following is a list of genera l first­
aid procedures for ingested poisons: 

I . Check for breathing and open the victim 's airway. Loosen any tigh t clothing. 

2. Stan CPR if (he victim has stopped breathing . 
.3. Call for an ambulance and call the po ison control center, phys ician, or hospital emergency 

room and follow all instmctions. 
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4. Keep the victim wann. 

5. If the victim is vomiting, turn his/her body and head to the side. and position the victim so the 
emesis runs out of the mouth instead of back into the stomach or lungs. 

6. Save (and give to physician or emergency personnel) whatever caused the poisoning 
(medicine, parts of plants, household products) . You shou ld also save any emesis . 

For ingested noncorrosive and nonpelroieum*like substances 
First-aid for ingested noncorrosive and nonpetroleum-like substances is directed at getting the poison 
out of the body, which is best accomplished by making the victim vomit. Usually the best way to 
induce vomit ing is with ipecac syrup. The following is a li st of general first-aid procedures for 
ingested poisons thar are neither corrosive nor petroleum-like: 

I. Give 1 to 2 cu ps of water or milk if the victim is conscious and not having convul sions . 

2. Call a poison control center, emergency room, or physician for instruct ions. 

3. If you are instructed to do so, give the victim ipecac syrup. Save any vomit for examination. 

4. If the victim does not vomit after you have given ipecac syrup twice, call the poison control 
center, emergency room, or physician for further advice. 

For ingested corrosive and petroleum-like substances 
Corrosives burn or destroy ti ssue through their chemical action. Swallowing a corrosive substance, 
such as an acid or an a lkali , causes immediate local effects. These poisons burn the lips and skin 
around the victi m's mouth, th roat, and stomach. Absorbed into the blood, they may cause systemic 
effects. Acids, for example, can cause hemorrhages. and alkalis can cause difficult breathing. 

The victim of ingested corros ive substances requires immediate medical attention. First-aii:l for this 
type of poisoning depends on what was ingested. One rule does apply to all corrosives-DO NOT 
MAKE THE VICTIM VOMIT! 

Should the victim vomit the corrosive, it will again burn the sensitive lining of the throat and mouth. 
In some instances, demulcents (soothi ng substances), such as milk, egg white, aluminum hydroxide 
gel, gelatin solution, flour and water, or vegelable oi l may dilute the corrosive. However. these shou ld 
on ly be given to the victim as directed by a poison contro l center. physician, or hospital emergency 
room. 

Likewise, the vict im of an ingested petroleum-like substance should not be made to vomit. 
Petroleum-like products give off fumes that can cause a severe type of pneumonia, and these fumes 
may be inhaled into the lungs during vomiting. 

First-aid for inhaled poisons 

Inhaling some gases. vapors. fumes, and dusts may cause onl y irritation to the body's respiratory 
tract. However, some of these poisons cause systemk effects when they are absorbed from the lungs 
into the blood. For example, carbon monoxide gas has an effect on blood that prevents it from 
carrying oxygen. 

The basic first-aid procedure for an inhaled poison is to get the victim to fresh air immediately. 
Art ificial respiration may then be necessary. The following is a li st of general first-aid procedures for 
inhaled poisons: 

1. Move the victim away from the source of the poison to fresh air immediately. 

2. Loosen the victim's clothing and open hi s/her airway. 

3. If the victim is not breathing, begin CPR immediately. Do not stop unti l the victim is 
breathing well or help arrives. 

4 . Call a poison control center, physician, or emergency room for further instructions. 

• 

• 
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If you are attempt ing to rescue someone from smoke, gas, or chemical fumes, follow these 
precautions: 

1. If you are alone. call for help before you attempt to rescue the victim. You, too, may be 
overcome by smoke. gas, or fumes. 

2-13 

2. Do not light a match. tum on a light switch. or produce a name or spark in the presence of 
gas or fumes. 

3 . Be fore entering the area, take several deep breaths of fresh air. Then inhale deeply and hold 
your breath as you go in. 

4. Do not attempt any first-aid measures until you arc in the fresh air. 

First-aid for injected poisons 
The majority of injected Poisons produce immediate loca l effects, such as pain, te nderness, and 
swelling at the si te of the injection. Systemic effects take longer 10 develop and depend on the amount 
of poison that enters the blood. 

The loca l effects of an injected poison can be treated with first-aid measures; treat men t of systemi c 
e ffects, however, requi res expert medical atte nt ion. The re is no way to get the poison out (sucki ng out 
snake venom is no longer recommended). 

Fil"st-aid 1'01" absorbed poisons 

Absorbed poisons, those that come in contact with the skin, usually cause immediate local e ffec ts. For 
example, acids burn the skin. Some c hemicals, such as those found in insecticides, are rapidly 
absorbed into the bloodstream through the skin . Once in the blood, they can cause systemic effects. 

On tire skin 
First-aid for absorbed poison is directed at gelling the poison off the skin and di luting it. Speed is 
essent ial; a de lay of onl y seconds may greatly increase the injury. Remove the substances as qu ickly 
as possible; water di lutes it and flushes it away, and remova l of contaminated clothing takes any 
nonabsorbed chemicals away from the skin. The followi ng is a li st of general first-aid procedures fo r 
poisons on the skin. 

I . Remove any contaminated clothing, including shoes and soc ks. A lso remove jewelry , 
watches, or rings. 

2. Flush the affected area immediate ly with large quantities of cool water from a shower, hose. 
faucet, or pail. Conti nu.e nushin g fo r at least IS minutes. 

3. Cover the affected area with a loose, clean cloth. 

4. Call a poison cont rol center, physic ian, or emergency room for funher instructions. Call even 
if the affected area is not large and is not causi ng the victim any pain. 

In the eye 
Again, speed is essential ; a delay of only seconds may great ly increase the injury. The fo llowing is a 
list of general fi rst-aid procedures fo r poisons in the eye: 

I. Hold the victim 's eyelids open with your fingers and rinse the eyes and face with a strea m of 
water for at least IS to 20 minutes. 

2. Usc water from a faucet, d rinking fountain. or hose, or use a glass or other containe r to pour 
water inlo (he eye. 

3. Do not use an eyecup. 

4. Remove contact lenses or slide the m gently on to the while of the eye using the eyelids. 

5. Do not allow the victim to rub the eyes. Do not use eye drops, drugs, or oi ntments. 

6. Call a poison control center, ph ysician, or emergency room for funher advice-but do not 
de lay treat ment. 

, 
• 
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812. Providing first-aid for poisonings (in the hospital setting) 
As you might have guessed, first-aid procedures in the hospital sett ing differ greatly from those 
outside the hospital. In Ihis lesson we discuss immediate care of the poisoning victim: emesis versus 
lavage in ingested poisonings, the use of cathartics and ac tivated charcoal. specific antidotes, 
continuing care, and the preventi on of poisonings . 

Give immediate ca re 
Thi s is a quick explanation of the immediate care given to a victim of poisoning when they arri ve at 
the hospital. 

I. Determine the adequacy of cardiac and respiratory function and begin reSUSCilnl ion if needed. 

2. Determi ne quickly what has happened. If possible, identify the substance ingested, ils route 
of entry into the body, and its toxicity potentia l. Save any containers and appropriate 
specimens of the product or of emetic returns. Determine the need for medi cal care , 
recognizi ng that many substances need no further treatment. Always keep in mind that over­
treatment may also be a hazard and is expensive. 

3. Unless contraindicaled, immediately dilute and re move the toxic substance from the body 
surface. A person who has ingested a toxic substance may also have spilled it on the skin and 
may be inhal ing fumes as wei\. 

Provide a ppropriate firs t-aid for ingested substances 
T he type of aid you admi nister depends on the substance. The most common types used are emesis, 
gastric lavage. cathartics, and acti vated charcoa l. 

Emesis 
Emes is usuall y re moves more of the toxic substance than does gastri c lavage. Follow this procedu re 
for emesis: 

I . Immediately induce vomiting with ipecac syru p 15 to 30 mL ( I to 2 tablespoonfuls) for 
children and adults, taken with water or soft drinks (orally that is 15 mU kg for infants, or 1 qt 
[I LJ for adults). The dose of ipecac may be repeated in 15 to 3D minutes if necessary. 

2. If ipecac is not ava il able. give soapy wate r, ani oni c or nonanionic detergent (handwashing 
liquid detergent) plus waler. Try to induce vomiting by inserting a fi nger or blunt instrument 
into the patient 's throat to stimu late the gag reflex. Avoid being bitten. Place a child in the 
head-down pos iti on. Save a portion of the vo mitus for analysis. 

Caution: Do not induce vomit ing if the patient is comatose, is having convul sions (or is likel y to), or 
has ingested petroleum distillates or corrosive substances. Emesis of petroleum distill ates is rare ly 
indicated unless some other compound that requires evacuat ion (e .g., parathion) has been dissolved in 
the distillates. 

Gastric lavage 
I. When gastri c lavage is carried out (do not use lavage if the patient is convul sing or if the 

ingested substance is corrosive), use the largest tube appropriate for the patient. 

2. Have the patient in a head-low position. 

3. For adults. you may use a 0.9 percent sod ium chl oride solution or tap water; for children, a 
0.45 percent sodium chloride solution is recommended . 

4. Introd uce lavage fl uids in 20- to 30-mL aliquots and remove the stomach contents by siphon 
or syringe after each instillation. 

5. Conti nue the rinsing procedure until waShings return free of toxin. 

6. .After the return is clear. instill a spec ific antidote if one is avail able; otherwise instill a slurry 
of acti vated charcoal. 

• 
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Cathartics 
The use of cathartics remains controversial. Some evidence suggests that they may actually enhance 
absorption rather Ihan promote excretion. If a cathartic is used, it is best limited to sod ium sulfate 30 
gm, di ssolved in 250 mL water, with proportionally reduced amoun ts for chi ldren, or 
sorbitoUcharcoal sol utions (but use no more than two doses). 

Activated charcoal 
When taken internally. activated charcoa l with ils mo lecular configuration and large surface area 
adsorbs significant amounts of many poisons, precluding their absorpti on from the gu!. The earl ier the 
charcoal is used, the more effective it is. Use from five to ]0 limes the amount of charcoal as that of 
the poison that is suspected of being ingested. For children under age fi ve, the usual dose is to to 25 
gm; for o lder childre n and ad ults, 50 to I DO gm. Charcoal is admin istered as slurry (20 to 200 gm in 
wate r), preferably by stomach tube. It shou ld not be admi nistered before or immediately after sy rup of 
ipecac has been given because ipecac induces vomiting; remember that 30 percent of patients vomi t 
after charcoal administration alone. Charcoa l is especially effective when the patient is a lready 
symptomatic and when the compound is re-excreled into the gu t (e.g., glulethimide). increasingly. 
charcoal is being accepted as the primary techn ique of management in the emergency room. 

Use specific antidotes for other substances 
While not numerous. specific anridDles are remarkably effective (e.g .• naloxone in opioid overdoses. 
atropine in organophosphate encounters. methylene blue fo r methemoglobinemia, acetylcystcine for 
acetaminophen, Digibind® for digoxin). A poison center should be contacted 10 determine if new 
specific antidotes ha ve been deve loped, particularly fo r new drugs. 

For inhaled poison 
Remove the patient from the contaminated environment. support his/her respiration, and protect other 
personnel from contamination. 

For skin and eye colllaminalion 
Remove contaminated clothing (includi ng shoes and socks). Thoroughly wash the skin and fl ush the 
eyes with water. Protect helpers from contamination. 

For eNS stimulation 
CNS stimulation by a poison may require sedati on. Usuall y., diazepam or a barbiturate is used. In pure 
amphetamine poisoning, chlorpromazine is the drug of choice. To terminate convulsions, give a stow 
IV of diazepam. You may use phenobarbital TV or 1M 10 e ither terminate or prevent the recurrence of 
a convu lsion. Keep the patient oxygenated. Refractory seizures very rare ly requi re general anesthesia. 
The above measures usuall y are sati sfactory to control the hypox ic and cardiovascular consequences 
of convulsions. 

Provide continui ng care 
Symptomatic and supportive treatment depe nds on symptoms and signs, and on anticipmion of the 
clinical course , based upon ident ification of the poison. Continuation of the appropriate measures 
already begun and attempts to enhance the excretion of poison already absorbed arc basic 
considermions. Stimulants are unl ikely to be effective and are genera ll y contraindicated. Severe CNS 
depression req uires support of the circulation and of ventilati on. Endotracheal intubation and, rarely, 
tracheostomy may be necessary.!n suspected or known narcotic poisoning, you shou ld use naloxone. 

Cerebral edema is common in poisonings due to sedatives, carbon monoxide, lead, and other CNS 
depressant s. Give a 20 percent mannitol solution slowly by IV over a 30· to 6O-minute period. 
Cort icosteroids are also used. Intracrania l monitoring with hyperventi lation to alter the degree of 
cerebral edema is enjoy ing less widespread use. The use of barbiturate coma in cerebral edema 
assoc iated with hypox ic episodes was advocated in the past, but is nOI recommended now. 
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Renal fail ure may occur in poisoning. and dialysis may be required . You can sometimes hasten the 
e limination of poisons either by augmenting normal excre tory path ways or by using artificial means 
such as dial ysis or perfusion. The method depends upon the nature of the poisoning. the availability 
of the facilities. and the condition of the patient. R ushing out the poison simply by increasing urine 
volume is rarely helpful . Alkal inization or acidification of the urine is occasiona ll y helpful (e.g., in 
acute sa licylate ingestions or giving sod ium bicarbonate IV augme nts excret ion signi ficantly). In 
general, weak acids are captured in a lka lin ized urine and weak bases in acid ified urine. 

Hemo· and peritoneal-d ia lysis have been augmented by the development of " lipid dialysis." This 
tec hnique is used to remove lipid-soluble substances from the blood, and hemoperfusion provides an 
eve n more rapid and effic ient clearance of toxic substances from the blood. However, these 
techniques are useless if the involved substance has a la rge apparen t volu me of di stri bution- i.e., if it 
is stored in fatly tissue·(e.g., di gitali s and tricycl ic compounds) or is ex tensively bound to tissue 
prote in . tn select c ircumstances these techniques may be effective, but in many instances their yie ld is 
negligible. Thus, whil e di gox in is rapidly cleared from the blood vi<l hemoperfusion. when such a 
small amount (3 to 5 percent) of the total body di gox in is in the blood, hemoperfusion is ineffecti ve . 
Tricycl ic ant idepressants are also largely confined to other than the vascular compartment , and the 
use of hemoperfu sion for overdoses is likewise not warranted. 

Chelat ing agents are usefu l in treating poisoning by many meta ls and other toxic substances. 

P revent poisonings from happeni ng 
Widespread, voluntary, and now mandatory use of child-resistant containers (safety caps) has 
produced a dramat ic decl ine in poisoning deaths-from about 500 deaths in the USA among children 
under fi ve years of age in 1959 to some 30 in 1999. Label ing of household products and prescription 
items. use of dru g imprints on solid medicati on forms. and improved monitoring of toxic ex posures 
within industry and throughout the environment have bee n success fu l means of preventing 
poisonings. Another effecti ve acti vity incl udes widespread public and professional education 
programs such as that bu ilt around the Mr. Yuk Program<B or that of the American Association of 
.Poison Control Centers. These programs produce intense community-w ide effons to make syrup of 
ipecac ava il able in each home and to make each home aware of the nearest poison center' s phone 
number. 

Self-Test Questions 

After you complete these q.uestions, you may check your answers Ht the end of the unit. 

810. Types and effects of d rug or chemical overdoses and poisonings 

I . Define tox icology. 

2. Li st examples of natural poisons. 

3. What factors detennine the severity of an acute poisoning? 

4. Give an example of a local effect of a poison. 

• 

• 
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5. List the four ways in which poisons can enter our bodies. 

811. Providing first-aid for poisonings (outside the hospital setting) 
1. Whal are the three general categories of ingested poisons? 

2. In a poisoning si tuation , what is the main concern following the ingestion of any substance? 

3. When someone ingests noncorrosive and nonpetro]cmn-like poison. what is the best way to 
induce vomiti ng? 

4. What is the basic firs t-aid procedure for an inhaled poison? 
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5. III instances of poison in the eye, how long should you rinse the eyes and face with a stream of 
water? 

812. Providing first-aid for poisonings (in the hospital setting) 
I. How much water or sofl drink should you give to an adu lt patient who has received ipecac symp 

to induce vomi ting? 

2. Under what circumstances should gas.tric lavage not be used? 

3. How much acti vated charcoal do you give to a patiem (in comparison to the amoun t of po ison 
suspected of being ingested)? 

4. What drug should be used in cases of suspected or known narcotic poisoning? 

5. What Iypes of drugs are useful in treating poisoning by many metal s and other tox ic substances? 
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Answers to Self-Test Questions 

808 
1. Lidocaine. Procainamide. Epinephrine, and Brctylium . 

2. Absent cardiac contract ion and EeG evidence of cardiac e lec trica l activity. 

3. To control symptomat ic supraven tricular tac hyaiThyth rn ias. 

4. Naloxone prevents and reverses opioid effects by active ly competing wi th the same receptor sites as the 
narcOlic. 

5. 

809 
J. 

2. 

810 

Marked vasoconstriction, result ing in gangrene may occur. 

Whenever they fi rst develop symptoms of a cold, fl u, or other intercurrent illness; nausea, vomiting, or 
abdominal pain; polyuria; or i f they find an unexpec tedly h igh plasma glucose level upon self-gl ucose 
monitoring. 

Spacer, valved chamber, 'bag device. 

I. The division of med ical and biological scie nce concerned with toxic substances--detecti ng them, studying 
thei r chemislrY and pharmacological action and establishing antidotes and treatment of tox ic 
man ifestat ions. prevent ing poisoning. and methods for controlli ng exposure to harm ful substances. 

2. Plams. the venom produced by various animal s (such as snakes and spiders). and toxic substa nces produced 
by various bacteria in food . 

3. Type of poison; amoum of poison involved; how the poison emers the body; lengt h of time it stays in the 
body; and the age. size. and health of the victim: 

4. Ac id burns on skin or tissue it touched. 

5. Absorpt ion. ingestion, inhalati on. and injection . 

811 
I . Corrosive (caustic) substances, petroleum- like substances, and substances that arc nei ther corrosive 

(caustic) nor petroleum-like. 

2. T he possibi lity of systemic effects. 

3. Ipecac syrup. 

4, Get the victim to fres h air im mediately. 

5. For at least 15 10 20 minutes. 

812 
I. One quart or liter. 

2. If the patiem is convulsing or if the ingested substance is corrosive. 

3. From five to 10 times the amount of charcoal as that of the poison suspected of being ingested. 

4. Naloxone. 

5. Chelating agents. 

• 

• 

, 
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Unit Review Exercises 

Note to Student: Conside r a ll choices carefull y, select the best answer to each question, and circle 
the corresponding letter. When you have completed all unit review exercises, transfe r your answers to 
Eel Fonn 34. Fie ld Scoring Answer Sheel. 

Do not return your answer sheet to ECI. 

57. (808) Which emergency medicati on is produced in the adrenal medu lla and is the first-li ne drug 
for ventricular fibrillation when defibrillation fail s? 
3. Procainamidc. 
b. Lidocaine. 
c. Epi nephrine. 
d. Bretylium. 

58. (808) Which emergency medication is used 10 treal ventric ular fibrillation or lnchycard ia that is 
resistanllO other medications and defibrillation? 
a. Bretylium. 
b. Epinephrine. 
c. Lidocaine. 
d. Proca inamide. 

59. (808) Which of the fol lowing emergency medicat ions is a parasympathol ytic used to treat 
bradycardia with myocardia l ischemi a? 
a. Atropine. 
b. Epinephrine. 
c. Isoproterenol. 
d. Propranolol. 

60. (808) What adverse react ion may result when excessive doses of isoproterenol are administered? 
a. Arterial hypotension. 
b. Arterial hypertension. 
c . Peripheral vasoconstriction. 
d. Acute systol ic bradycardia. 

61. (808) Which beta-b locker is most extensive ly used to cont rol sy mptomat ic supraventricu lar 
tac hyarrhythmias? 
a. Atenolo!. 
b. Esmolol. 
c. Lcvobunolol. 
d. Propranolol. 

62. (808) What is the most va luable drug fo r emergency treatment of severe allergic reactions? 
a. Atropi ne. 
b. Epinephrine. 
c. Chlorpheniramine. 
d. Diphenhydramine. 

63. (808) What conditi on may occur if epinephrine is injected intramuscularl y into the buttocks? 
a . Paralys is. 
b. Gangrene. 
c. Hypertension. 
d. Anaphy lactic shock. 
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64. (809) When should insulin-dependent diabetics test their urine kelOnes? 
a. Weekly. 
b. Monthly. 
c . When self-test glucose level s are hi gh. 
d. When self-test glucose levels are low. 

65. (809) When usi ng a bag-type device with a metered dose inhaler, what signals that the patient is 
inhaling too quickly? 
a. The bag collapses on itself. 
b. A bitter taste in the patient's mouth. 
c. A whistling sound comes from the mou thpiece. 
d. Medication will not pass through the mouthpiece . 

66. (8 10) Which of the foll owi ng is an example of a nalUral poison. 
a. Digitalis. 
b. Warfarin . 
c. Ammonia. 
d. Snake venom. 

67. (810) Which route of entry for poisons accounts for almost 90 percent of all poisoning accidents? 
a . Inj ection . 
b. Ingesti on. 
c. Inhalation. 
d. Absorption . 

68. (8 11) Which of the following substances is an example of a petroleum-like poison? 
a. Fertilizer. 
b. Floor polish. 
c. Pain remover. 
d. Photographic developer. 

69. (811) Why do you not have a patient vomit after ingesting a corrosive poison? 
a. Vomit -inducing age nts adversely react with corros ives. 
b. Corrosives wi ll not pass upward through the esophageal sphincter. 
c. Corrosives are more easi ly inactivated in the stomac h. 
d . Corros ives will do more damage to the .lining of th e throat and mouth when vomited. 

70. (8 1 1) What may occur if petroleum-like product s are vomited? 
a. Excessive irritation of the esophagus. 
b. The inhaled fumes may cause pneumonia. 
c . Permanent damage to the lining of the mouth . 
d. Petroleum-like products mi x with d igestive fluids to fonn a gel, possibly causing choking. 

7 1. (8 11 ) What is the first thing you should do for an inhaled poison victim? 
a. Check the airway. 
b. Move the victim to fresh air. 
c . Call the poison control center. 
d. Begin CPR. 

72. (8 11) For an absorbed poisoning of the eye, w hich of the following should you NOT do? 
a. Use an eyecup to cleanse the eye. 
b. Remove the victim's contact lenses. 
c. Hold the victim' s eye open to flush it. 
d . Use drinking fountain water to flush the eye. 

• 

• 

• 
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73. (812) What amou nt of acti vated c harcoal must be used to treal poisonings? 
a. One·half the suspected amount of poison. 
b. Equal to that of the suspected amount of poison. 
c. Twice as much as the suspected amount of poison. 
d. Five to JO times as much as the suspect amount of po ison. 

74. (8 12) What is the drug of choice in pure amphetamine poisoning? 
a. Diazepam. 
b. Phenobarbital. 
c. C hlorpromaz.ine. 
d . Prochloperazine . 

75 . (812) What condition is common in pOisonings due to sedatives. carbon monoxide, lead, and other 
central nervouS system depressants? 
a. Cerebral ede ma. 
b. Renal failure. 
c. Liver di sease. 
d. Blindness. 
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