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SUMMARY

Very I ittle is known about the immunopharmacology of antimicrobîal

drugs. There are few reports Ìn the scientific literature, and no

mentîon of this subject can be found in recent editions of standard

pharmacology textbooks. lt is important to understand the

immunopharmacology of antimicrobial drugs because immunomodulation

by these drugs can affect the outcome of the infection beîng treated.

Recovery from serious infectîons general ly requi res the participation

of a reasonably intact immune system, even when apPropriate and

potent ant¡microbial drugs have been prescribed. ln such cl inical

situations, suppression of immunity can be detrimental to recovery

while enhancement of immunity can contribute to recovery. This

consicleration is even more critícal when the patients concerned are

al ready immunocompromised by cancer or other debi I itating diseases'

or by anti-cancer or immunosupPressive therapy.

A systematic approach to the testíng for the immunopharmacological

properties of antimicrobial drugs was adopted in the present studies.

The results of an in-vitro screening programme showed that the

tetracycl ines, miconazole, amphotericin B, the antimalarÎals and

diaminopyrimidines have an effect on mitogen-induced human lymphocyte

prol iferative responses, whereas the penicill ins, macrol ides,

aminoglycosides, cephalosporins and sulphonamides have I ittle or no

effect. ln-vivo studies confi rmed the immunosuppressive potential

of tetracycl ines, miconazole and amphotericin B, but not the

antimalarials.
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0f particular interest was the discovery that pyrimethamine has

immunopotentiating propertÎes. There is current interest in such

agents because of the potential for use in immunotheraPy of cancer

and other diseases where the immunological responses are înadequate,

as well as their potential for use as probes to study immunological

processes.

The results of the present studies suggest that caution should

be exercised in selecting antimicrobial drugs for cl inical use,

especial ly in immunocompromised patients. The extensive and

indiscriminate use of antimicrobial drugs by the medical community

should be discouraged,not only because of toxic and al lergic

compl ications, the induction of resistant strains of micro-organisms,

and the financial burden on the community and individual, but also

because the immunosuppressive potential of some antimicrobial drugs

can predispose to susceptib¡l ity to infection, birth defects' cancer,

ageing and cardïovascular diseases, although the last three possibil ities

have not yet been real i zed, largely because epidemiological studÏes

to date have not addressed thenlselvesdi rectly to the problem.

Further studies are required along a broad front in order to

understand better the immunopharmacology of antimicrobial drugs,

their sites and mechanisms of actîon, their interactions with each

other and other classes of drugs, thei r cl ini cal effects especial ly

in complex cl inical si tuations, and thei r long term compl ications'
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GENERAL I NTRODUCTI ON

lnfectious disease is one of the principal affl ictîons of mankind.

Great epidemics of the past have wiped out whole populations. The

era of modern medicîne can be traced to the development of means for

the control and treatment of infectious disease. Even before the

germ theory of disease became generally accepted in the time (ttre

lBSOs) of Koch and Pasteur, ancient physicians had made the important

observation that recovery from infectious disease conferred protection

to subsequent infections. The Chinese physicians of the eleventh

century were del iberately innoculatîng smal lPox crusts into nostri ls

of patients to induce Protective immunity. A systematic approach to

the problem by Jenner and Pasteur led to the general adoption of

immuni zation programmes. Antimi crobial chemotherapy became poss ible

with the cliscovery of sulphonamides in the 1930's and antibiotics in

the l94Ots. Further contributions to control of infectious disease

v,rere provided by improvements in hygiene and public heal th. Except

for occasional epidemics of influenza and cholera, and the special

conditions produced by war, farnine and tropîcal environments, the

problem of infectious dîsease îs now confined to susceptibìe individuals.

They are the very young and very old, the ones with cancer or other

debi I itating i I lnesses, or those immunocompromised by intercurrent

infection or immunosuppressive theraPy.

These categories of patients represent a difficul t therapeutic

chal lenge for physicians involved in theÎ r care. Recovery front

serious infections general ly requi res the partìcipation of a reasonably
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intact irnmune system, even when approprîate and powerful antimîcrobial

drugs have been prescrÎbed. The chance of success in crítical

situations may be increased by the use of antimicrobial agents which

are without immunosuppressive properties. In contrast, antimicrobial

drugs with immunopotentiating properties may enhance the possÎbility

of the patientts recovery.

It is therefore important to determÎne the immunopharmalogical

properties, if any, of the antimicrobial drugs avai lable for cl inical

use. Yet, l¡ttle Ìs known about this important aspect of

antimicrobial chemotherapy. Pharmaceutical companies do not appear

to have systematic programmes for the testing of these drugs with

regard to their immunopharmacological potential, either for drugs

which have been previously released, or the ones recently introduced

for cl inìcal use.

The present studies were undertaken for such a Purpose. The

findings have impl icated several very useful antimicrobial drugs

as potent immunosuppressive agents. A less expected spin-off from

these studies is the discovery that pyrimethamine has immunopotentiating

effects. This drug may prove useful in the future for the

manipulation of immune responses.

Background information wÌll be provided in the next three

sections deal ing with (l) pharmacology of antimicrobial drugs,

(2) physiology of the immune response, and (:) the mechanisms of

action of drugs on the immune system. lndîvidual antimicrobial

drugs will be discussed in greater detail in the relevant chapters.
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PHARMACOLOGY OF ANTIMI CROBIAL DRUGS

Antimicrobial drugs fulfi I thei r function by possessing selective

tox¡city for microorganisms and relative sparing of host tissues.

Thîs în turn is dependent on dîfferences between microbial and host

cells in terms of structure and biochemícal processes. ln general,

antimicrobial drugs can be classified with regard to their mechanisms

of action into four groups (Goodman and Gilman, 1975; Melmon and

Morielli, l97B; Meyers et al, 1978). At the cellular and molecular

level, most of these drugs function by (l) inhibiting cell wall

synthesis, (Z) increasing cel I membrane permeabi I ity, (¡) interfering

with protein synthesis, and (4) disruption of nuclei acîd metabol ism.

A scheme of these various processes is illustrated in figure l-l and

table l'ì, and discussed below.

I nhi bi tion of cel I wal I synthes i s

The drugs which accompl ish thei r antimicrobial action by

inhibitîon of cel I wal I synthesis include the penici I ì ins, cephalosporins,

bacitracin, cycloserine and vancomycin. Bacteria maintain thei r

structural integrity by means of a rigid cell wall. This cell wall

is made up of a complex polymer of polysaccharides and a hÌghly

cross-l inked polypeptide. This peptidoglycan ìayer is thicker in

Gram positîve bacteria than in Gram negative bacteria. Penici ll ins

and cephalosporins inhibit the act¡vity of the transpeptidase enzymes

responsible for the terminal cross-l inking of the I inear glycopeptides.

0ther drugs such as bacitracin, vancomycin and ristocetin affect early
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steps in the biosynthesis of peptidoglycans. ln the presence of

these antibiotics, susceptible bacteria develop defective cel I wal ls

without the rigidity to resist the high internal osmotic pressure

and results in the rupture of these bacteria.

Increase in cel I membrane permeabi I ity

The drugs which have their major action on microorganísms by

i nterfer i ng wi th cel I membrane funct ions i ncl ude amphoteri cÎ n B,

nystatîn, col istin and the polymyxins. Amphotericin B and nystatin

are polyene antibiotics with an affÎnity for sterol groupings on

cell membranes. Since sterol groupings are absent on bacterial

cell membranes, theÌr activity is confined to fungal and protozoan

pathogens. The polyrnyxins affect membranes contaíning

phosphatidyl ethanolamines by means of detergent action. The cell

membrane encloses the cytoplasm of al I I iving cel ls. lnjury to

the cel I membrane dîsrupts biochemical processes essential to I ife

as well as cause leakage of cell components.

lnhibitîon of protein synthesis

The antimicrobial drugs with a predominant action on protein

synthesis include tetracycl ines, aminoglycosides, chloramphenicol,

erythromycins and I incomycins. The explanation for the selectíve

action of these drugs on protein synthesis in bacteria is based on

the difference in ribosomal structure between bacterial and
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BACTËRIUM

capsule

cell wall (1)

ll membrane (2

pilus

flagellum

Figure I-1. Schematic diagram of bacterium showing.lfe sites of act'ion
of antimìcrobiul 

-äôeni.: (1) cel I wal I synthes'i s,- ( 2) cel I membrane, ( 9)
ó.olôin synthes'is,"and (4) 

'RÑA-DNA synthei'is. The I ist of antimicrobial
ägents rviih known actjons at these sites are presented'in table I-1.

Resistance of microorgan'isms to antimicrobial actìon are relat.ed to
(1) procluct'ion of drug metãbolising enzymes, (2) membrane alteratjon
ùãirilìng in decreaseã uptake, (3)-productio¡_of drug antagonìst; and

(4) alteiation'in drug räceptor or susceptibility to binding by drugs to
microbial components.

Microorgänisms can acquire drug resistance by means of mutation'
transductionl transformation and coñjugat'ion. 0f all these mechanisms,
conjugation is the most important. Thìs process consists of two factors:
¡¡.- rrftrr factor whjclr camies the jnformatjon for resistance, and the
"RTF" factor which controls the transfer of the R factor during
conjugatjon. Coliform bacteria are the rnost active in terms of transfer
of muitipìe drug resistance. The antimicrobial resistances being
transferied incTude su'l phonamirles, tetracycl ines, amìnoglycosides,
chì orampheni col and pen'ic'i I I i ns .

- --**-*;;c**-,-¿,.æ¿i¡iæ' --' ;-'-r'æi!¡Ë4rå'*e

(3)
codons

mRNA

DNA (4)
tRNA

ribosome

HT
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Table I-1. The sites and mechanisms ofaction of antimicrob'ial drugs on
mi croorgan i sms .

Site of Action Mechanism of Act'ion

(1) Inhibition of cel I wal I synthesis

Penici I I ins inhibits transpeptidase

Cepha'losporins inhibits transpeptidase

Bacitracins inhibits mucopeptide transfer
changes cel I membrane permeabi 1 i ty

-.Vancomycin inhibi tion of mucopeptide synthesis

Cycloserine inhibÍtion of alanine racemase

(2) Increase in cell membrane permeabjlity

Amphoterìcin B affiníty for sterol groupings

Nystatìn affinity for sterol groupings

Polymyxins bind to phosphatidylethanolamines

(3) Inh'ibi tion of protein synthesis

Tetracyclines inhibits bindìng of tRNA to 30s ribosome

Aminoglycosides jnhibits function of 30s rìbosome

Ch'loramphen'icol inhibits pept'idyì transferase (50s ribosome)

Erythromycins inhibits aminoacyl translocation
Lincomycìns inhibits in'itiation and aminoacyì translocation

(4) Inhibition of nucleic acid synthesis

Sulphonamides competitive jnhibitors of para-amino benzoic ac'id

Trimethoprim inhibits dihydrofolate reductase

Pyrimethamine inhibits dÍhydrofolate reductase

Rifampin inhibits DNA dependent RNA transcription
Novobiocin inhibits DNA synthesis
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mammal ian cel ls. Tetracycl ines and amînoglycosides affect the 30s

subunit of microbial ribosomes, whi le chloramphenicol, erythromycins

and I incomycins affect the 50s subunit. These ribosomal subunits

generally serve as recePtors for the attachment of the drugs, thereby

providing a foothold for the drugs to disrupt enzyme systems and

interfere with the assembly of amino acids on to peptide chains.

lnhibition of nucleic acid synthesis

Several ant¡microbial drugs interfere with mÎcrobial nucleic

acid synthesis., These include sulphonamides, trimethoprim, rifampin

and novobiocin. Para-aminobenzoic acid is an essentîal requÌ rement

for the synthesis of folic acid in microbial but not mamÍìal ian cel ls.

Folic acid in turn contributes to the biosynthesis of purines and

pyrimidines, which are precursors of nucleic acids. Sulphonamides

act as competitive inhibitors of para-aminobenzoic acÌd because of a

similarity in structure. Trimethoprim and pyrimethamine act on the

enzyme dihydrofolate reductase to inhibit fol ic acid synthesis.

Rifampin on the other hand acts directly on DNA-dependent RNA

transcription and blocks DNA repl ication.

PHYSIOLOGY OF THE IMMUNE RESPONSE

The multicel lular style of I iving, because of its greater

complexity, leci to the development of specialized cells and cell

products to cope with Întrusions from the external environment.
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Later on, the immune system took on additional roles of homeostasis

and surveillance in order to maintain the internal environment as

well. This evolut¡onary process is reflected in phylogeny, from

the non-specific processes of inflammation and phagocytosis found

in invertebrates, to a diffusely organized lymphoid system w¡th

production of archaÎc lgM molecules in primitive vertebrates, and

its culmination in the sophisticated immune processes of higher

vertebrates and man (cel I et al , 1975; Fudenberg et al , 1976;

Bel lanti, I978). The anatomical orgênizatÌon of this immune system'

and the cells and cell products which make up the composite whole,

will be discussed in the fol lowîng two sections. A further section

will deal with the complex interpìay of these various components of

the immune system as they respond to invasion by microorganisms.

Anatomi ca I organ i zat ion

The development of an all pervasîve cìrculatory system allows

the deployment of immune cells and cell products to all areas of the

body. This logistical ly advantageous organization is complemented

by high concentrations of immune cel ls at strategic locations, such

as lymph nodes around the respiratory tract, lymph nodules lining

the gastrointestinal tract, and the spleen v,,ithîn the circulation.

ln this regard, the thymus appears to be an exception. lt is

situated in the mediastinum inaccessible from the externaì envÎronment.

It is even excluded from contact with the circulation by a

perivascular epitheì ium. This may have something to do with its
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function as an endocrine gland and stag¡ng Post for maturation of

a subpopulation of lymphocYtes.

Cells and cell products

lmmune cells can be distinguished by morphology and function

into three broad groups. These are (l ) phagocytic cel I s,

(2) mediator cel ls, and (¡) lymphoid cel ls.

The major phagocytic cells are neutrophils and macrophages

wi th eosinophi ls playing a minor role. After release from the

marrow, neutrophils stay in the circulation for a few hours before

migrating into tissue spaces where they complete their I ife span

of a few days" Eosinophils on the other hand stay in the

ci rculation for only thi rty minutes. Mononuclear phagocytes enter

the circulat¡on in the form of monocytes, and enter the tissues

after one or two days where they mature into macrophages.

Phagocytic cel ls perform thei r function by ingesting, ki I I ing and

digesting microorganisms (f¡gure l'2) . They reach the si te of

infection by the process of chemotaxÌs. Antibody and complement

receptors on their surfaces enhance their abil ity for phagocytosis.

They possess a variety of microbicidal substances and enzyme

systems (taul e I -2) .

The mediator cells are so called because they produce a number

of chemical med¡ators w¡th înflammatory and immunological effects.

These cells include the basophils and platelets of the blood, and

mast cells in the tissues. They can be activated by physical,
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Table l-2. The anti-microbìal mechanisms of phagocytic cel ls.

Oxygen dependent Oxygen independent

l. hydrogen peroxide

2. superoxide anion

3. hyd roxy I rad i ca I

4. singlet oxygen

5. ascorbate-peroxide-metal ion

6. amino acid oxidation

l. acid

2. lysozyme

3. lactoferrin

4. granular cationic proteins

A wide variety of substances are available as fail-safe
systems for microbicidal activity. Aìthough oxygen dependent
systems appear to be more potent, oxygen îndependent systems
are important in anaerobic conditions, such as within abscesses.
With regard to the myeloperoxidase-hydrogen peroxide-hal ide
microbicidal system described by Klebanoff (1975), recent studies
(Johnston, l97B) suggest that it may not be directly microbicidal.
Studies from this laboratory also sllowed that patients with
deficiency of myeloperoxidase have no increased susceptibi I ity
to infection (Robertson et al, 1979).

It is bel ieved that the metabol ic activity of neutrophi ls is
kept to a minimum under normal conditions by factors present in
serum (thong, Rencis and Ness, 1978). The unbridled metabol ic
activity of these cells can Iead to oxidative damage of not.only
the neutrophi.ls themselves (Ferrante, Beard and Thong, l9B0), but
also other body t issues (t^/eissman et al , .l978) 

.
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chemical or immunological stimuli to release hìstamine and other

vasocative amines (f¡gure l-3 and table l-3). ln this regard,

macrophages may also be consÎdered as mediator cells because they

produce some of the complement comPonents. The complement system

consists of a number of serum Proteins which interact with one

another ïn a sequential manner (figure l-4). Activation of the'

complete sequence resul ts in the lysis of microorganisms. Along

the way, several cleavage products are formed; C3a, C5a and CEC|

are chemotactic for phagocytic cells, C3b has oPsonic and immune

adherent functions, C3a and C5a also increase vascular permeability.

Two subpopulations of lymphoid cells can be recognised in the

cîrculation. T-cel ls are the predomÎnant lymphocytes of the blood,

and can be found in the paracortical regÎons of ìymph nodes as well

as around the foìl Îcìes and periarteriolar sheaths of the splenic

white pulp. They reach these sites after a complex maturing process

within the substance of the thymus. They respond to antìgenic

stimulation by clonal prol iferation into several cel I types with

cytotoxic function, termed killer T-cells, regulatory functions

termed T-helper and T-suppressor cells, and a memory function

(figure l-5). They also release a number of effector molecules

called lymphokines, which have a controllÎng influence on the

inflammatory process and other immune cells (taUle l'4).

The other subpopulation of lymphocytes, the B-cells, are found

Ìn the circulation, as well as in the germÌnal centres of lymph

nodes and spleen. They respond to antigenic stimulation by clonal
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Figure I-3. The release of vasoactive amines from pìate'lets and mast
cells by a variety of stimuli. Platelets are generally more sensitive
to stìmuli arjs'ing from tissue damage, blood coaguìation and
immunologìcal reactions. Mast cells are more active in immedìate
hypersensitivity reactions because of "arming" by IgE, whjch acts as a
trìgger on contact with alìergen. Mast cells are also responsìve to
physica'l stimuli such as heat, cold and pressure. The basophìì, another
med.iator cell, is not shown in thjs dìagram.
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Vasoactive amines as mediators of inflammation and
immedi ate hypersens i t ivi ty.

Vasocative amînes Act i on

(l) Histamine

Hl receptor

H2 receptor

(z) se roton i n

(3) Kin ins

Bradykínin
Lysylbradykinin

(4) Slow reactive substance
of anaphylaxis (sns-n)

0) P rotag I and i ns and
p recu rso rs

smooth muscle contraction,
increase vascular permeabì I ity'
mucous secret ion

increase gastric secretion,
feedback control of vasoact¡ve
amine release

i ncrease vascul ar permeab i I Î ty,
capi I lary di lation, smooth
muscle contraction

increase vascular permeabil ity,
lower blood pressure, smooth
muscl e contraction

slow contraction of smooth muscle

platelet aggregation, smooth
muscl e contract ion, ì eukocyte
chemotaxis, vascular permeabÎ I ity,
etc.

(5) Eosinophi I chemotactic
factor of anaphylaxis
(ec r-n)

attracts eosinophils

(6) Platelet'activating factor platelet aggregation and secretion
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CLASSICAL PATHWAY

antigen - antibody

Clqrs
c567
c5b.
C5a,/\ c4, 2 c3a

plasmin

ALTERNATIVE PATHWAY

lipopolysaccharide

trypsin

thrombin

plasmin

lgA

c4, c2

c3
---_--¡>

c3b

c5,6,7 c8,g

tissue protein aggregated lg

cobra venom factor

Fi gure I -4. Schemat i c d i agram of the compì ement system. The
classicaI pathway is usualIy activated during the binding of antibody
to êntigen. ln the absence of specific antibody, the complement
system can be activated via the aì terantive pathway. The aì ternative
compìement pathway may have a role in early defence against infection
in individuaìs'wî thout prior exposure to the microorganism.
Microorgansims capabìe of activating the alternative pathway include
pneumococcus (F¡ne, 1975), Candida albicans (Ray and \.r/repper, 1976;
Thong and Ferrante, ì978), Cryptococcus neoformans (Oiamond et al,
197\), and the amoebofìagel late Naegleria fowleri (Rowan-Kel ìy et aì,
tg8o).

lnhibitors of complement activation acts as biological controì
mechanisms. Three such inhibitors are known, acting on Cl, C3 and
C6. Absence of Cl inhibi tor occurs in Hereditary Angio-oedema
Syndrome. Def i c i ency of ma i n compl ement components pred i sposes to
coì ìagen-vascular and infectious diseases (Johnston, l97B; Thong,
Simpson and Müì ler-Eberhard, l9B0).

B

Properdin
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activated T-cells
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Figure I-5. A schematic diagram showing cìonaì proìiferation of T and
B-cells after exposure to antigen. Maciophages have a role in antigen-
processing. Note the central role of T-cell subpopuìations, which
reguìate the activities of other T-cells as well as the production of
antibody (þlaìdmann, 1979). seìf-regulation is a feature of most
bioìogicaì systems.

Deficiency of T-cel'l inrnunity, as in the DiGeorge Syndrome,
predisposes to infectìons, especiaì1y fungí and viruies. This deficÍency
can be restored by transplantation of thymic epithelium (Thong et al,
1978a,) presumabìy by means of hormonal stimulation.
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Table I-4. Characteristics of some ìymphokines produced by T and B-cells

Lymphoki ne Source Mo lecu lar Biologica'l activitYl,lei ght

1 Macrophage
inhibitory factor T&B
(M.r.F.)

2. Leukocyte
inhibi tory factor
(L.r.F.)

3. Skin reactiíe
factor

4 Chemotacti c
factors

5. Mi togenic factors T

6. Interferon

7. Transfer factor T

8. Lymphotoxin

9. Artti body

25-55,000 macrophage accumul ation
macrophage activation

T&B 68,000 neutrophil accumulation

T 70,000 cutaneous reaction

T&B

T&B 35-55,000

25,000

25,000

10,000'

attracts macrophages and
neutroph i ì s

lymphocyte transformati on

inhibits viral repì ication

transfer of specific immune
reacti vi ty

destroys target cells

varies (see table I-5)

T

B

B0- 150,000

vari es
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prol¡feration into antibody-producing plasma cells and memory cells.

Antibodies are made up of immunoglobulins of which five classes are

known (f¡gure l-6 and table l-5). lgA is found in secretions, and

is responsible for immunity at mucosal surfaces. lgG is a smaìl

molecule that penetrates into tissue spaces and crosses the placenta

easily. lgM because of its larger size ïs confined to a great

extent within the circulation. The function of l9D remains poorly

understood. lgE bÌnds to basophils and mast cells wher:e they

trigger the release of vasocative amines on contact with antigen.

lmnrunophysiology

The complex interplay between various components of the immune

system can best be appreciated by contruct¡ng a series of hypothetical

situations which can occur after microbes have gained entry into the

body. lf the innocuìum is a small one and the organisms have ìow

virulence, the acute inflammatory response fol lowed by accumulation

of neutrophi ls at the si te of infectÎon is general ly sufficîent.

A ìarge innoculum of virulent microbes, however, would require the

additional presence of macrophages and lymphocytes (figure l-7).

Antibody is produced. Ki I ler T-cel ls enter the foray. The

release of lymphokines recruit other immune celis and augment the

inflammatory reaction. Phagocytic cel ls accumulate in even greater

quanti ties in response to chemotactic factors. The microorganisms

are lysed by antibody and complement, or they are phagocytosed and

killed. lf the subject survives this infectious process, the next
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Fob Fctisht
chain
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aminoterminus carboxyterminus

pepsin

b') 2

Figure I-6. A schematic representation of IgGl moìecule showing 2

identicaì ìight and 2 identical heavy chains with intra-chain disulphìde
bonds. Each ììght chain has a molecular r¿reight of about 2?,000 and each
heavy chain 55,000. Two types of light chains are found, tenned kappa
and lambda; and 5 types of heavy chains, one for each class of
inrnunogìobuìin, identìfied by the Greek-letter designation of their class
names. The antibody-combin'ing si te is at the aminoterminus. Antibody
speci f i ci ty i s determ'ined by the vari ati on 'in the 110 anrino aci ds i n the
variable regions of ìight (VL) and heavy (VH) chains. Papain, digestìon
divides the molecule into an ant'igen portion (Fc) and antìgen-bìnd'ing
portion (Fab). Pepsin digestion ðplìts the molecule into the F(ab')z
fragment which has 2 antigen-binding sites.

IgG, IgD and Igt exist in the basic four-chain unit depicted in the
figure. IgM exists as a pentamer, held together by disulphide bonds and
the J-chain, a small molecule w'ith high sulphydry'l content. IgA and IgG
may also exist in poìyrñeric form in serum. In secretions, IgA exists as
a dimer, linked by the J-piece and secretory component. The secretory
component protects the dimer from digestive enzymes in the gut.

By means of antigenìc analysis, four IgG subc'lasses, and two
subclasses each for IgA and IgD are known. They vary in terrns of
biolog'icaì act'iv'ity. Forinstance, IgG4 does not fix compìement while
the other 3 subclasses do.

tl
SSlt
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Table I-5. Characteristics of the Inrnunoglobulin classes in man.

\

Class
Mean serum

Concentrati on
(g/l )

It4olecular
Wei ght

Ha fï
Li fe

( days )

Bi ol ogi caì
acti vi ty

IgG

IgA

IgM

IgD

t2.4

2.8

1.2

0.03

0.0003

150,000 23

890,000

170 ,000 6

5

150,000 3

196,000 r-2 1

fix compl ement
cross pìacenta

secretory antibody
al ternative pathway

aggl utination
fix complement

? surface receptor
for lymphocytes

reaginic antibody

1

2

1

2

I
2

1

IgE

Inrnunoglobulin deficiency vras first reported by Burton (tgSZ) in a
with repeated infections. Since then, many patterns of congenital
immunoglobulin deficiencies have been described. Selectjve defici
of IgA is the comfnonest of these disorders, with an overall incjde
of 1:500. Claims by Hobbs (tgZS) tfrat selective Igl4 deficiency is
second most conmon inrnunoglobulin disorder cannot be substantjated
and Maxweì 1 , 1978) .

chi ld

( Thong

ency
nce
the
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intrusion by an antigenically similar microoganism will be met with

an accelerated reaction because sPecific antibody may st¡ I I be

present or memory cel ls remain operative.

Some microbes may escape from the area of infection into lymph

channells or the blood stream. The lymph nodes and spleen come

into play as a second line of defense to prevent disseminat¡on of

the infection.

Some microbes however have the caPacity to resist the killing

mechanisms of phagocytíc cells. They may be either facultatÎve

intracel luìar parasites such as Mycobacterium tuberculosis and

Toxoplasma gondii, or obligatory intracellular parasites such as

rickettsiae and vi ruses. They are then carried into deeper tissues

within macrophages, where they multíply and infect other cel ls.

A chronîc inflammatory process develops, leading to the destruction

of surrounding tissues, which are the innocent bystanders of combat

between microbe and immune system.

Under favourable circumstances, such as a Previousìy healthy

subject in good nutritional status and with an ïntact immune system,

the result is el imination of invading microorganisms. This process

is greatly facil itated by antibacteriaì chemotherapy. ln cl inical

situations where the immune system has been compromised by debîl itating

illnesses or immunosuppressive therapy, the use of approprÏate and

potent antimicrobial agents can be the only means of recovery from

i nfect i on .
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I MMUNOPHARMACOLOGY

Huch information has been gained about immunopharmacology in

the past decade from cl inical and experimental chemotherapy of cancer,

autoimmune diseases and graft rejection. There is considerable over-

lap between anti-cancer and immunosuppressÌve drugs. These cytotoxic

agents are rrìore active on rapidly divïding cells whether they are

cancer cells or immune cells. A cell cycle of five phases is now

recognised (table l-6). The phases of the cell cycle are usually

wel I synchronised during the prol iferation of immune cel ls because

this usually happens as a response to antigenìc stimulation. ln

contrast, tumour cells tend to be out of phase with regard to the

cell cycle. Those tumour cells in the resting Go phase are more

resistant to selective toxìcity by anti-cancer drugs, so that

intermittent chemotherapy has a better chance of success by catching

tumour cells as they emerge from the resting phase. A different

strategy is employed for immunosuppressive therapy. This usual ly

takes the form of contînuous low dose regimens to control the

proliferation of immune cells.

Anti-cancer drugs

The drugs employed for cancer chemotherapy general ly fal I into

four broad categories (ta¡le l-7). The alkylating agents affect a

number of cel lular functions, including glycolysis, respi ration,

nucleic acid and protein synthesis, and the integrity of biological

membranes. The ionised forms of these drugs bind avidly to
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Table I-6. The kinetics of the cell cycle.

Phase Duratì on Biochemical events

G1

s

G2

M

Go

18 hrs

20 hrs

3 hrs

thr
vari abl e

preparation for DNA synthesis

DNA synthesis

RNA and protein synthesis

mi tosi s

resting period

Biosynthesis of enzymes in preparation for DNA synthesis occurs in
G1 phase. Actual DNA replication occurs in the S phase. In G2,
synthesis of RNA and protein is followed by assembly of the mitotic
spindle. M is the phase of mitosis, after which the cell assumes a long
resting Go phase.

(-)
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Table I-7. Some drugs useful for the chemotherapy of cancer.

Cytotox'ic drug Mechanism of action

I

chToÈãmbuci ï ,
mephaìan,
cyclophosphamide,
nitrosoureas.

2. Antimetabolites
me otrexate,
thi oguan ì ne,
6-mercaptopuri ne,
al 'lopuri no1 ,
cytos'ine arabinoside
fl uorouraci I ,
azacyti dr i ne .

Plant alkaloids
and anti biotics
vincrist'ine, vìn bl asti ne

podophyì otoxi n

reti nomyci n D

anthracycl i nes
chromomyci ns
mitomycìn C

bl eomyci n
asparaginase

causes cytolysis and mutagenesis
i nhi bi ts glycoìys'is and respi rat jon
inhibits protein and nucleic acid synthesis
interferes with membrane function

substitutes for normal metabolite
competes with normal metabolite for

enzyme regulating site
competes with normal metabolite for

enzyme catalyt'ic si te
binds and inactivates of enzyme catalytic

site

binds to microtubular protein of rnitot'ic
spi ndl e

inhibits DNA synthesis, stops mitosis at
metaphase

inhi bi ts DNA-dependent RllA synthesis
bìnds to DNA, al ky'lat'ing actjon
inhibits DNA-dependent RNA synthesis
a'l ky'lati ng ac t'ion
i nhi bì ts mi to s i s and DNA synthes'is
competes with aminoacid L-asparaginase

Poìyfuncti onal
al kylating agents

3

4 Steroid hormones
@genS'steroid-receptorcompìexbindstoDNA,
anti-oestrogen, progestins, d'isrupts nuclear membrane
corti costeioi ds
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carboxyl, sulphydryì, amino and phosphate groupings. The most

susceptible molecule for this alkylating process aPPears to be

guanine, a purine consti tuent of DNA.

The antimetabolites are structural analogues of important

substances required by cells for metabol ism and growth. The major

effect of these drugs is abberation of nucleic acid synthesis.

Methotrexate inhibits the enzyme dihydrofolate reductase and prevents

the formation of purine precursors of ATP, DNA and RNA.

The plant alkaloîds, vincristine and vinblastine, act by

inactivation of,the mitotic spindle. Some antibiotics are also

useful cytotoxÌc agents. Actinomycin D blocks the synthesis of

ribosomal RNA. The anthracyclines bind strongly to DNA.

Mitomycin C may have some of the attributes of an alkylating agent.

Steroid hormones appear to act by binding to sPecific receptors

on the cel I membrane. The steroÎd-receptor comPlex enters the

cell to bind with DNA to disrupt transcription processes. lt may

also cause injury to the nuclear membrane. Cancer arÎsing from

the breast or prostate may be sensitive to estrogens and androgens.

Corticosteroids are useful in the treatment of haematologic

mal ignancies.

Anti-cancer drugs are also classified according to whether

their cytotoxic capability is extended over all phases of the cell

cycle (cel I cycle non-specific) or restrÎcted to the prol iferatîve

phases (cel I cycle specific). The alkylating agents are cel I

non-specific whi le the antimetabol î tes tend to be cel ì cycle

speci fi c (taut e I -8) .
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Table l-8. Antî-cancer drugs in relation to kinetics of the celì
cycl e.

Cel I cycle
specific drugs
(ccs )

Cel l-cycle
non'speci fi c drugs
(ccs )

Antimetabol ites
met ho t rexate

thioguanine
6-mecaptopuri ne

cytosine arabinoside

fl uorouraci I

azacytidine

Plant alkaloids
vincristine
vÍnblastine

Antibiotics
bleomycin

Miscel laneous

hyd roxyu rea

Al kyl ati ng agents

mepha I an

mechlorethamine

cycl ophospham i de

busul phan

th i otepa

carmustine

lomustine

AntibiotÎcs
actinomycin D

mi tomycîn C

doxorublcln

daunorubicîn

Miscel laneous

cis-platinum
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I mmunosuppress ive drugs

The complex interplay between vêrious components of the immune

system in response to infectious organisms has been discussed in a

previous sectîon. ln circumstances where the antigen is

persistent or the immune response inappropriate, tissue injury is

I ikely to occur. Gel I and Coombs have classified immunological ly-

mediated diseases into four tyPes according to the dominant

mechanism of tissue damage (ta¡le l-9). The source of antigen can

be exogenous, such as ín drug and pollen allergy, or allogeneic

such as in organ transplantation and blood transfusion, orautologous

such as in the auto-immune diseases.

A variety of anti-inflammatory and immunosuppressîve drugs are

available for amelioration of the pejorative effects of an aberrant

immune response. The anti-infiammatory drugs inhibit or antagonise

chemical mediators of inflammation (taUle l-10); some of them have

inhibitory effects on phagocytic celìs. The immunosupPressive

agents have a direct action on antibody and cell-mediated immuno-

logical responses. Their nature and properties have been discussed

in the previous section on anti-cancer chemotherapy. The cl inical ly

useful immunosuppressive drugs and a summary of their effects are

presented in table l-ll. The sites of actíon of these drugs on

the immune response is illustrated in figure l-8. lt can be seen

that most immunosuppressive drugs have the ability to interfere

with the proliferative phase of the immune response. lt would

appear from this that a good way to screen for immunosuppress¡ve
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Table l -9. lmmunologi cal mechanì sms of tissue ìnjury.

Mechan i sm
Cl inical mani festations
(examp I es )

I Anaphyl act î c

I I Cytotoxi c

I ¡ I Arthus reaet ion

IV Del ayed
hypersensitivity

lgE and
other I gs

l9G, lgM, and
phagocytes

Antïgen-antibody
comp I exes

Sensitized
T-cel I s

lmmediate hyper-
sensi tivi ty, hay fever,
a s thma

Auto- immune haemol yt i c
anaemîa, Goodpasture
synd rome

Serum s i ckness, systemi c
I upus erythematosus

Contact dermatitÌs,
caseating tuberculosis

This concept of the mechanisms of immunologically-mediated diseases
introduced by Gel I and Coombs has stood the test of time. Because
of the compleX nature of the auto-immune diseases' more than one
mechanism may be operative in the cl inical situation. ln aì lergic
bronchopulmonary aspergi I losis, the combìnation of tyPes I S I I I is
responsible for tissue damage. ln extrinsic allergic alveolitis,
types lll E lV are responsible.



-36-
THE I MMUNOPHARMACOLOGY OF ANT I M I CROB I AL DRUGS

Table I-10. Some mechanisms by which anti-inflammatory drugs produce
their effects.

Drug Mechanism of action

Sal i cyl ates

Pheny'lbutazone

Gold Sal ts

I ndomethaci n

Col chi ci ne

Chloroquine

Corti costeroi ds

I, II, III, IV, V, VI, VII

I, II, III, IV, V, VI

I, II, III, IV, XI

I, II, VI, VII, IX

III, IV, V, VIII, IX

I, IV, IX

IV, VII, VIII, IX, X, XI

t X

I inh'ibits prostagìand'in synthesis
II uncoup'les oxidative phosphorylation
III inhibits cellular respiration
IV stabilises ìysosonraì membranes
V inhibits release of vasoactive amines
VI inhjbits synthesÍs of serotonin
VII reduces capillary permeability
VIII interferes with kinin formation
IX inhibits neutrophi'l function
X suppresses antibody formation
XI suppresses cel I -mediated inununi ty

This exhaustive list is by no means complete, nor does it
necessari'ly explain their anti-inflammatory eîtecti, a1 though recent
stud'ies indicate that inhibition of prostaglandin synthesis may be the
princ'ipaì mode of action of some of these drugs.
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Table I-11. The common inmunosuppressive agents and their clinical uses.

Drug Group Cl inical uses

PredriiSone, Corti costeroi d

Cyclophosphamide alkylating agent

Auto-inmune diseases, organ
transpì antation

auto-irrunune haemo'lytic anaemia,
nephritis, organ transplantation

auto-irnrnune haemo'lytic anaemia

idiopathi c thrombocytopaen ic
purpura, auto-immune haemolytic
anaemia, renal and cardiac
transpl antation

renal and cardiac transplantation

idiopath'ic thrombocytopaeni c
purpura

Chl orambuc i I

Aza thi opri ne

Actinomycin D

Vi ncri s ti ne

a'lkyìating agent

antimetabol i te

anti bi oti c

plant alkaloid

The effects of these drugs on jmmuno'logical responses sometimes
depend on dosage and time of admìn'istration in relation to ant'igenic
stimulation. Forinstance, â single dose of cyc'lophospham'ide during
induction wìth antigen, can preferentiaì'ly affect suppressor T-cel1s,
so that a paradoxicaì enhancement of delayed hypersensitivity is observed
(tiew, L977),
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lymphocyte

(2) CLONAL PROLIFERATION

(3) DTFFERENTTAT¡ON
B-cell

antibody T-cell
(4) BTOSYNTHESIS

V

(1) ANTIGEN RECOGNITION

'antigen

macrophage

macrophage

tymphokines

(
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a
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s¡
F
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(5) TNTERACTION
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neutrophil

(6) TISSUE INJURY target cells

Figure I-8. The sites of action of inmunosuppressive drugs on the inmune
response. Most of the commonly used inmunosuppressive drugs such as
corticosteroids, azath'ioprìne, methotrexate, cytos'ine arabinoside, and
cyclophosphamide exert theìr major effect on the stage of clonal
prolìferation (2). Others, such as actinomycin D, also affect the stage
of differentiation (3). Corticosteroids affect all 6 stages of the
iffinune response (Vernon-Roberts, 1969; Thong et al, I975; Fauc'i et al,
I976), as well as the inflanmatory response, a'lthough the mechanism of
action remains inconrpìete'ly understood (Parillo and Fauc'i , I979).
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potential of antÎmicrobial dr:ugs would be to study the effect of

these drugs on in-vitro lymphocyte prol iferative responses. These

screening studies are described in chapter I I l.

TUMOUR I MMUNOLOGY

Two main strategies are followed in the management of patients

with cancer. The tumour mass is first reduced by a combination of

surgery, radiotherapy and chemotherapy. Next is to Preserve' and

if possible, augment immune function. This would reduce the

frequency of secondary infection. lt would atso enable the immune

system to control the renlaining cancer cel ls.

The role of immune surveillance in the control of cancer is

supported by clinicaì observatîons of a much higher incidence of

mal ignancies in chi ldren with primary Ìmmunodeficiency disorders

and patients on immunosuppressive therapy. Tumour-associated

antigens can be found in cancer cel ls. ln certain situations,

oncofoetal antigens also appear on their cell membrane surfaces.

Cancers can arise spontaneously, or as a result of interaction

with certain chemicals and viruses (table l-12). Tumour-associated

antigens tend to be weak antigens, so that a strong immune reaction

to them does not normally occur. The immune surveillance theory

has led to various devices for immunotherapy as a means of cancer

control. One way is to immunize patients with antigens derived

from cancer tissue. The other way Ìs to stimulate the immune
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Table l-I2. The antigenic characteristics of tumours.

Tumour
i nduction

Speci fi c
agent

Tumour
type

Anti geni c
specificity

1. . Spontaneous unknown

Chemi ca l
agents

3. Phys ical
agents

4. Vi ruses
RNA

DNA

methy'lcholan-
threne

sunl ight

avianleukosis
vi rus

adenovirus

vari ed

carci noma
sarcoma
I eukaemia

mel anoma

avia n
I eukaemi a

sarcoma

spec'if ic for
each tumour

specific for
each tumour

specific for
each tumour

shared antigens,
but also specific
ones

shared antigens

2

In general, ceìls of identjcal genetic make-up transformed by the
same chemical carcínogen gives rise to tumours, each with its own
antigen'ic specific'ity, wh'ile transformat'ion by oncogenìc viruses results
in tumours with cross-reacting tumour-specific antigens. Even cells of
different morphology produce cross-reacting tumour-specific antigens if
they are transformed by the same virus.

Aìso, oncofoetal or carcinoernbryonic antigens can sometimes appear
on the surface of transformed cells. These antígens usualìy found only
in embryonic cells but not mature cel'ls, are believed to reappear
because of derepression of the genes concerned.
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response in a non-specific manner by means of certaîn biological and

chemical substances (table l-13). Most of them are still under

experimental evaluation. Cl inical studies with BCG and levamisole

have produced mixed results (Goodnight and Morton, l97B).

CONCLUS I ONS

From this general review of current knowledge about the complex

interaction between microorganisms and immune responses, the

pharmacology of antimicrobial drugs, and the effects of immuno-

suppressive and anti-cancer drugs on the immune system' it becomes

apparent that antimicrobial drugs by themselves may have effects on

the ímmune system. From the standpoint of general pharmacology,

it would appear that some categories of antimicrobial agents are

simi lar to anti-cancer and immunosupPresslVe agents with regard to

their ability to interfere with protein and nucleic acid synthesis,

whi le the polyene antibiotics, I ike the polyfunctional alkylatïng

agents, disrupt cel I membrane function.

Yet no discussion of the immunosupPressive potential of

antimicrobiaì drugs can be found in the major text books of

pharmacology, nor is this poss¡bi I ¡ty mentioned in recent reviews

of antimicrobial drugs (McHenry and Feiker, 1978; The New York

Academy of Medicine, l97B). There are already some reports in

the literature to indicate such a possibility. Chloroquìne has

been found to depress lymphocyte transformation (Hurvitz and
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Table I-13. Some substances that can potentiate the inmune response.

Microbial oriqin Chemi ca I s

1. Mycobacteria (BCG)

2. Gram negati ve bac il I i

3. Corynebacterium parvum

4. Zymosan

Mammal ian origirí

1. Polynuc'leotides

2. Tilorone

3. Gl ucan

4. Pyran Po'lymer

5. Levami sol e

Inorgan i c

1. a'lum

2. silica

1

2

3

Transfer factor

Thymos i n

Immune RNA

Ctinica'l experience with BCG (Lamoureux, I976) and levamisole
(l,,lilloughby and Wood, 1977) has instilled a certain degree of caution in
the medical communjty about theìr value as irnmunostimulants. Some

compìications have been encountered with thejr use in patìents. Also,
levamisole has been found to have both irmunosuppressive and
inmunostimulatory properties depending on dosage and time of
administration. A better understanding of the immunopharmacology of
immunopotentiating agents is needed before a rational approach to their
use in patients can be devised.
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Hirschborn, .|968). Simîlar findìngs are reported for chloramphenicol

(pisciotta and Deprey, 1967; Becker et al , 1974; Ugazio et al,

19741. Rifampin has received the best documentatÌon (Sanders,

1976), although the immunosuppression induced by thîs drug aPpears

to have little effect on the ability of patients to recover from

tuberculos i s.

It thus became obvious that a systematic approach to the

problem will be required in order to obtain useful information

about the immunopharmacology of antimicrobial drugs. The knowledge

gained from these studies would provide guìdance for physicians in

the choice of antimicrobial agents, especially in the treatment of

serious infections in immunocompromised patients. I t would also

alert doctors to the poss¡bi I ity of unpleasant side-effects of

immunosuppressive antîmicrobial drugs which have been real ized with

the conventional immunosuppressive drugs, i.e. carcÎnogenicity and

teratogenicity. The possibi I ity also exists for the discovery of

an antimicrobial drug wi th immunopotentiating properties, wi th the

inherent benefits that can come from the judìcious use of such

drugs on immunocompromised patients. Finally, some of these

immuno-active antimicrobial agents may become useful tools for the

study of immunologïcal processes.
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I NTRODUCT I ON

A wide array of experimental methods are avai lable for

i nvest i gat i on of immunopharmacol og i cal propert i es of ant imi crob î a I

drugs. The prime considerations for selectíon of suitable methods

are that they shouìd be simple, well-tr¡ed and easily reproducible'

These are important considerations, because methods whÌch have not

been studied in detai l, and hence not wel l-understood, would

introduce another variable to confuse the issue. These considerations

are also appl ied to the planning of experiments. ln general, a

simple approach'is preferred to a compl icated exPerimentaì design.

The in-vitro and in-vivo techniques employed in these studies are

described in the next few Pages of thìs chapter.

ANTIMICROBIAL DRUGS

The antimicrobial drugs used in these studies were either

provided by Mr. Robert Fleetwood of the Adelaide Chi ldrenrs Hospi tal

Pharmacy Department, or obtained from Pharmaceutical companies with

his assistance. ln the latter situation, tetracycl ines were

obtained from Pfizer Propriety Limited, New South l'/ales; miconazoìe

v\,as a gift of Dr. Leon Harris, Ethnor Private Limited, New South

l^lales; amphotericin B was purchased from two sources, either

E.R. Squibb t sons, lnc., New York, or Flow Laboratories, New south

1,Jales; the antimalarial drugs were purchased f rom either l'r/el I come
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Austral ia, New South l,/ales, or f rom Sigma, St. Louis, U.S.A.

Poorly soluble drugs were first dissolved in the appropriate

solvent as a stock solution, and further dìlutions made in RPMI

l640 for in-vitro studies. For in-vivo studies, poorly soluble

drugs were either given orally as a suspens¡on in distilled water,

or injected as a suspension in sal ine.

EXPERI MENTAL AN I MALS

Two inbred strains of mice, BALB/c and C57Bl/6J, were used in

these studies at 6-10 weeks old. They were obtaïned from the

breeding colonies at the lnstitute for Medical and Veterinary Science,

Adelaide. For some exper¡ments, the outbred LACA strain of mice

were obtained from the breeding colonies at the Waite lnstitute,

University of Adelaìde. The mice were kept în plastic cages in

an air-conditioned animal house, and allowed free acess to food

and water.

REAGENTS AND CHEMI CALS

The radio-îsotope 3H-thymidine was purchased from the Radiochemical

Centre, Amersham, U.K., and RPMI 1640 culture medium and foetal aalf

serum from Commonwealth Serum Laboratories, Austral ïa. Foetal calf

serum was inactivated by heating to 56oC for 30 minutes prior to use.
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Antimícrobial drugs were dissolved in RPMI 1640 medÎum for in-vitro

studies, and in sterile saline (O.S'¿ w/v) for in-vivo studies.

Phytohaemagglutinin (pHn) was purchased f rom l'/el lcome,

Austral ia; pokeweed mitogen (pWm) from Gl BCO, U.S.A:: and

Escherichia coli I ipopolysaccharide (t-pS) f rom DlFCO, U.S:4.

ISOLATION OF LYMPHOCYTES FROM HUMAN BLOOD

Blood was drawn by venepuncture from healthy adult donors and

placed in heparized tubes, at a heparin concentration of

approximatel y 25vS/nl .

The hypaque-ficoll gradient was made up of 20ml of 85% hypaque

(28.33% sod i um 3,5-di acetami do-Z,\,6'tr i i dobenzoate and 56.67't w/v

of meglumine salt of 3,5-d¡acetamido-2,4,6'tri Îdobenzoate) purchased

f rom l,/inthrop laboratories, Austral ia, and 90ml of f icol l, a

sucrose polymer of m.w. 400,000 dissolved in dist¡lled water at a

concentration of 9% w/v, purchased from PharmacÌa, Sweden. The

mixture has a densi ty of I . I l4g/ml .

About 5ml of blood was layered carefully on 3 mì of the

hypaque-ficoll gradient in a l0 ml sterÎle plastic tube and

centrifuged at 200G for 20-30 ninutes at room temperature. Two

bands formed at the interface (fÎgure I l-l and Table I l-l). The

top band consisted of 98% mononuclear cells (Ferrante and Thong,

1978). The cells were washed twice and resuspended in RPMI 1640

med i um.
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Figure II-1. Isolatio r of lymphocytes from human blood by gradient
centri fugation
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Table II-1. cell types in mononuc'lear and polymorphonucìear celì
fractions after hypaque-fi col I centri fugation.

Cel I
fracti ons

Differentia'l count (%)*
Lymphocytes Monocytes Basophiìs Neutrophi'ls Eosinophi'ls

top band 83.9 t 1.6

second band 1.2 t 0.4

13.8 t 2.3 0.5 t 0.5 .1.8 t-0.8

- 96.4 t 1.0 2.4 t 1.0

* mean tS.D. of 5 experiments using blood from 5 donors.
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ISOLATION OF LYMPHOCYTES FROM MOUSE SPLEEN

Mice were killed by cervical dislocation and the spleens removed

with aseptic technique. They were pressed gently against a sieve

to release the cells Înto ice-cold medium. Larger clumps were

allowed to settle. The cell suspension was then removed and

centrifuged at 45G for 30 seconds. The supernatant containing

predominantly single ceì ls was ren¡oved and centrifuged at 1000G for

5 minutes. The pel let was resuspended in 0.8% ammonium chloride

and kept at 37oC for 5 minutes to lyse red cells. The cells were

washed 4 times ànd resuspended in RPMI 
,l640 medium. Viabi I ity of

cells was determined by trypan blue dye exclusion: 0.lml of cell

suspension (Z x 106/ml) was mixed with 0.1 ml of 0.2% trypan blue

in RPMI 1640 medium and kept for 5 minutes at 37oC, after which

the number of stained cells was counted with a haemocytometer.

IN-VITRO LYMPHOCYTE RESPONSE TO MITOGENS

A microculture method was used for these experiments (lhong et al,

197r. For human lymphocyte studies, each well of a microtitre

plate receïved 2 x 105 cells ïn 0.1 ml medium contaìning l0% foetaì

calf serum and 0.5 ml of either phytohaemagglutinìn (pHn) or

pokeweed mitogen (eWm). To the test wells were added 0.05 ml of

approprÎate concentrations of antimicrobial agent, whï le control

wells received 0.05 ml of medium or medium containing aPpropriate
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concentrations of d¡luent, as the case may be. The final

concentrations of PHA (lug/ml) or PI^JM (5oug/ml) used in these

experiments were previously determined to produce optimal stimulation.

ln some experiments, suboptimal concentrations of mitogens were also

used.

For mouse lymphocyte cultures, ê similar experimental design

was used except that each well contained I x 106 spleen cells, and

the final concentrations of PHA and LPS were 0.5uglml and 250ug/ml,

respectively. , These were previously determined to produce optinral

stimulation. I n some experiments, suboptimal concentrations of

mitogens were also used.

Human cell cultures were kept for /2 hours, and mouse cell

cultures for 48 hours, at 37oC in a 5% C02.air atmosphere and high

humidity. The cultures v\rere pulsed with lUCi of 3H-thymidine 6

hours prior to harvesting. Harvesting was performed with the aid

of a Skatron multiple sample harvester. The cells were aspìrated

by the harvester on to glass fibre filter Paper, automatÎcally

washed with sal ine and then dried for quantitation of radîoactivity

in a Packard Tricarb Liquid Scinti I latÎon Spectrometer.

IN-VIVO ANTIBODY RESPONSE TO SRBC

Sheep red blood cells (SnAC) kept in Elsevier's solution,

obtained from Commonweal th Serum Laboratories, Austral ia' were
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washed 3 times in sterile saline prior to use.

The mice were immunized with ì x 109 sRBc in 0.2 ml salîne via

the tail vein on day 0 and beld by Întracardiac puncture at day 5.

The blood was al lowed to clot at room temperature and serum

collected. The anti-SRBC haemagglutinating titre was determined

by mixing 2-fold dilutions of sera În saline (o.oz5 ml) with the

same volume of l% (v/v) suspension of SRBC. The microtitre plates

were incubated for I hour at 37oC and observed for haemagglutination'

DELAYED-TYPE HYPERSENSITIVITY RESPONSE TO SRBC

For del ayed-type hypersens i t i v i ty (DTH) resfronses , mi ce were

immunized with I x loB sngc in 0.05 ml saìine by subcutaneous (sc)

injection behind the shoulder on day 0, challenged with I x 108

SRBC in 0.025 ml S.C. in the left hind footpad on day 5 and

measured with a dial caliper (Mercer) on day 6. The DTH response

was expressed as the percent increase in footpad thickness (L¡ew,

1977)

I N-VI VO MACROPHAGE CHEMOTAXI S

Mice were injected with 35ug

ki I led by cervi cal di slocation 48

lavage performed to determine the

present (Snyderman et al, 1976).

the peritoneal cavity is taken as

of PHA i ntraperi toneal ly (i .p. ) ,

hours later, and peritoneal

total number of macrophages

The net macrophage influx into

an index of macrophage chemotaxis
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This is calculated by subtract¡ng the number of macrophages in mice

receiving PHA from those not receiving PHA.

PASSAGE 0F Bra MELANOMA TUMOUR

The Bt6 melanoma used ìn these experiments urâs a gîft from

David Goh of the Departments of Surgery and Microbiology and

lmmunology, Universïty of Adelaide.

The B16 melanoma cells were maintained by fortnightly i'p'

injection into C57Bll6J mice. For passage and experimental studies,

the tumour was excised from the peritoneal cavÌty, passed through a

sieve to obtaìn single ceì I suspensions În sal ine, checked for
5

viabilíty by trypan blue, and 5 x l0 cells in 0.2 ml injected i.p.

into each mouse.

TRANSPLANTATION OF SKI N

Skin grafting was performed by the standard technique of

B¡ I I ingham and Medawar (lg¡l ). Donor C57Bl /6J nice were kï I led by

cervical di slocation. Tai I skin was obtained by ci rcumferential

incision at the base of the tail followed by a longitudinal incision

to the tip of the tail. The skin was then strîpped off, placed in

a petri-dish containing sterile cold medium 199, and cut înto I cm

strips. Recipient BALB/c mice were anaesthetised with ether" and an

area of skin on the back similar in size Lo the donor skin was cut
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off with a pair of ster¡le scîssors, leavîng the subdermis intact.

Donor skin was then placed into this wound, a dry dressing placed

on top, and the mouse bandaged around the chest with elastoplast.

The dressing was removed on the eighth day for daily inspection of

graft survival. Grafts with less than l0% survîvîng epìthel ium

v,rere considered to be rejected.
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I NTRODUCT I ON

The proliferative response of lymphocyte cultures in the presence

of mitogens is generally regarded as the in-vitro correlate of immune

responsiveness (LinS ê Kay , 197Ð. lt is also evident f rom the

review in Chapter I that most immunosuPpressive drugs are active on

the prol iferative phase of the immune resPonse. I t was also

discussed in the same chapter that antimicrobial agents that interfere

with membrane function, protein synthesis and nucel ic acid synthesÎs

are much more I ikely to have immunosupPressive properties. By the

same token, antlmicrobial agents which interfere with bacterial cel I

wall synthesis are not likely to cause immunosuppression, because

mammal ian cel ls are not equipped wi th peptidoglycan cel I wal ls.

These deductions are well borne out by in-vitro experiments presented

in this chapter.

Penici I I in

Chain and Florey in 1940 followed up on the 1929 observation

by Fleming that cultures of the mould Penici I I ium notatum have

inhibitory effects on growth of streptococci, resulting in the ready

availability of penicillin for clinicaì use. A number of semi-

synthetic deviatives wi th advantages over penici I I in G such as

resistance to penici I I inase, ê.9. methici ì ì in, and broad sPectrum

antimicrobial activity e.g. ampicil lin, are also available.

Conventionaì dosages produce therapeutic blood levels ranging from

0.6 to 6.Oug/ml. lt can be seen from table lll-l that penicillin
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G, methicillin, ampicillin and carbenicillin, at concentrations of

up to lQug/ml did not affect mitogen-induced lymphocyte pro'l îferative

resPonses.

Cephalosporins

The fungus cephalosporium acremonium produces a number of

antibÌotics with 7-aminocephalosporanÎc acìd as a common nucleus.

This group of antibiotics is resistant to penîcillinase and has a

broader spectrum of antibacterial activity. A large number of

cephalosporins are nol^, available. Therapeutic blood level is in

the region of l-lOug/ml. Studies with one of the analogues,

cephalothin (table I I l-l) showed no inhÎbi tion of lymphocyte

response to mitogens at these concentrations.

Tetracycl i nes

Chlortetracycline was the first of the tetracyclines to be

isolated. A number of natural and semi-synthetÎc tetracycl Îne

analogues are now available for cl inical use. They are among the

most general ly useful of antimicrobial agents. Thei r very broad

spectrum of activity ïnclude Gram positive and Gram negatìve

bacteria, anaerobes, rickettsiae, mycoplasmas, chlanrydiae and

protozoa. Therapeutîc blood level is around 5-Bug/ml. lnhibition

of mitogen-induced lymphocyte transformation was apParent at a

concentration of 4uglml (table I I I -2).



-58-
THE IMMUNOPHARMACOLOGY OF ANTIMICROBIAL DRUGS

Table III-1. Effect of penicillin analogues and,cephalospora'ins on

mi togen-'induced lymphocyte transformation.

d Drug concentrations
( ug/ml )

Cpr 3H-thymidine uptake (mean tS.D.) 
-

No mi togens PHA Pt^lM

Penicilìin G

Methicillin

Ampicillin

Carben'icillin

Cephaì oth i n

4BB t 89
493 t L25
330 t 68
439 t 99

r,428
280
1 ,659

4t
1t
3t
5t

0
I
4

10

25,564
25,656
25,624
27,326

,616

5t
0t
1t
3t

0
1

4
01

48
49
36
54

89
96
70
4L

74
33
42
67

8t
2x
5t
2t

25,56
26,64
25,88
25,77

2,835
984
1,238
719

11,009 t
10,836 r
11,861 t
L1,568 t

1 1 ,009
13,521
11 ,071
r0,662

12,322
Ir,264
1 1 ,348
11,878

29,352
27 ,go7
26,236
28,882

,835
,705
,192
,063

,162
61
9B

3, 131
626
1 ,301
4,040

tZ
t1
t2
x7

t6
t7
r5
t1

t1
t1
t1
t1

r1
t1
r5
t1

865

,428
,25r
,260
,008

,578
,r24
27

,597

44

501

0
1

4
0

38
49

445 t 74
493 t 140
384t7
475 t 42

0
1

4
01

28,716 !
26,153 t
27 ,405 t
23,904 t

I t 74
461 t 114

9t15
0t166

36

33
59

29,352 t 6,162
22,IBg t 1,105
20,384 t 2,077
28,001 t 759

12,322 t 1,578
9,676 t 1,481

10,911 t 722
L2,394 t 932

10,576 t 357
9,844 t 683

11,068 t 909
It,4l2 t L,574

0
1

4
01
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Chloramphenicol

Chloramphenicol is produced by Streptomyces venezuelae.

Commercial production is by a comPletely synthetic process. lt has

a broad spectrum of antimîcrobial activity including many bacteria

and rickettsiae. lt is clinically indicated for infections with

Salmonel la typhi, Haemophi lus influenzae and Gram negative septicaemia.

Therapeutic blood levels are in the region of 8-10 g/ml. At th¡s

concentration, I ittle effect on prol iferative responses of

lymphocytes to mitogens could be detected (table I I l-2).

E ryth romyc i n

Erythromycin is one member of a group of antibiotics known as

macrol ides, other examples of whîch are oleandomycin and spiramycin.

I t is most active against Gram posi tive organisms, but NeÎsseria,

Haemophilus, Mycoplasma and Chlamydia may also be sensitive.

Therapeutic blood level is usual ly around 2vg/nl. No effect on

mitogen-induced lymphocyte transformation was seen at a concentratÎon

of up to lops/ml (taule I I I -2).

Lincomycin

Lincomycin and cì indamycin beìong to the group of antibiotÌcs

known as lincosamines. Their spectrum of antimicrobial activity

is simi lar to that of the macrol ide antibiotics. Therapeutic

blood levels vary between Z-Svg/nl, ..Even at the concentration of

lOug/ml, no inhibitory effect on mitogen-induced lymphocyte
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Table III-2. Effect of tetracycìines, chìoramphenicol, erythromyc'in and
I incomycin on mitogen-induced'lymphocyte transformatioñ.

Drug concentrations
( uglml )

Cpm 3H-thymidine uptake (mean tS.D.)
No mitogens PHA pl^lM

Tetrac.ycl i ne

Chl oramphen i col

Erythromyc i n

Li ncomyc i n

601 t 81
560 t 111
539 t 117
414 r 89I

t5
t6
t5
t5

0
1

4
0

t3
t1
t3
tl

18,644
17 ,749
1 3,888
12,042

,7r7
,478
,063
,349

42,092 t 7, 553
35,990 t I0,425
31,569 t 8,644
32,030 t 8,864

0
1

4
10

472
5sB
768
778

s4
06
20
55

,374
,550
,553
,520

,837
,936
,829
,859

9t57
1t55
7t46
1 t 51

56 ,66 1

46,427
43,r29

28,49
26,25
27 ,52
29,79

10,67
g,g3

11,15
10,83

939
516
4BB
568

t2
tB
t1
t1

3t
?t
4t
7t

6t3
4t1
2tZ
Btl

6t
Bt
3t
0t

6t3
7 tI
0t1
5t5

1t
0r
0t
9t

t1
t1
t2
t1 48,B18

23,423
20,334
2I,294
2L,884

,545
68
,452
,335

0
1

4
0

36
44
35
33I

0
1

4
01

36
43
4L
40

74
100
98
67

29,7I
25,89
24,97
26,59

, I31
, g6g

,183
,015

10,57
I2,17
11 ,65
13,27

357
779
787
1,116
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transformat ¡on was observed (taUl e I I I -2)

Aminoglycosides

The aminoglycoside antíbiotics include streptomyc¡n, kanamycin,

gentamycîn, tobramycin, amikacin and several others. The fjrst of

of the group, streptomycin was isolated by VJaksman and colleagues

in 1944 from streptomyces griseus. The antimicrobial spectrum of

streptomycin includes Gram negative bacteria and mycobacterium

tuberculosis. Gentamycin, which has additional actívity agaînst

Gram positive organisms, can reach blood ìevels of 3-7us/nl after

conventional dosage schedules. At this concentration range' no

effect was observed on mi togen- i nduced I ymphocyte prol i ferat i ve

responses (taule I I I-3).

Polyene Anti bioti cs

Nystatin and amphotericin B are Polyene antÎbiotÎcs with

antifungal activity. Amphotericin B has cl inical importance in

the treatment of deep mycotic infections. Therapeutic bìood

levels range from 0.5-ZVS/nl. Significant reduction of mitogen-

induced lymphocyte prol iferation was detectable at a concentration

of lug/ml (taole lll-3).

Po I ymyxi ns

Polymyxins B and E are the only members of thîs group of basic

polypeptide antibiotics with cl inïcal 
"ppl 

ication. They are
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Table III-3. Effect of gentamycin, amphotericin B, polymyxin E and
sulphioxazole on mitogen-'induced human ìymphocyte transformation.

Drug Concentration
(uglml )

Cpm aH-thymidine uptake (mean tS.D.)
No mitogen$ PHA Pl,lM

Gentamyci n

Amphoteric'in B

Polymyxin E

Sul phioxazol e

0
60

120

606 t 2l
632 t 38
378 t 69
483 t 74

t64
t 1,
r 5,
+â.
- rt

6,
15
11
I4

t98
x 2I3
t 167
! I22589

0
1

4
01

2
2

4
I

t 576
t 834
t 531

tB
t1
r9

tZ
t.4
t1

; 560
72I
652

57,496 t 2,012
47,695 r 4,384
19,529 t 3,942
1,076 t 187

8I,526 t
79,622,x
96,202 t
73,907 t

63,041
63 ,490
55,2I7
30 ,370

881
,324
,569
,2II

22,226
20,362
27,0rB
24,235

24,91
,19 ,95
2,84

7
682
358
t72

,868
,077
OB

0
1

5
10

1,168 t 253 1
!
+

t

6
9
1

5 B396

0
1

4
01

t7
t3
t5
t5

,209
,671
,734
,636

25,09I t 7,471.
26,947 t 2,023
22,083 t I,637
6,555 ¡ 283

7 ,539
6,025
4,75r

1,397
1 ,313

345

38
14
T7

28,72r
19,295
18,038

,785
,290
36
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part¡cularly active against pseudomonas and col îform bacteria.

Therapeutic blood level is in the range of l-4ug/ml. Little

reduction in mitogen-induced lymphocyte transformation was observed

at the concentration of 4uglml (taUle I I l-3).

Sulphonamides and sulphones

Up to one hundred and fifty suìphonamide analogues have been

developed since its first introduction by Domagk in 1935. They

are active against Gram negatîve and Gram positive bacterîa, nocardia,

chlamydia and protozoa. Therapeutic bìood level is in the region

of 80-l00ug/ml. No effect on mitogen-induced lymphocyte

transformation was seen at a concentration of 60ug/ml (table lll-3)

of suìphioxazole, and a sl ight affect at l2Oug/ml.

Diaminopyrimidines

The diaminopyrimidines were developed as a result of the search

for anti-malarial compounds during the second world war. Proguani I

r^ras introduced i n 1946 but had the d isadvantage of induc ing easy

development of resistant stra¡ns. At the present time, pyrimethamine

and trimethoprim are the most cl inically usefuì of the

diaminopyrimidine compounds. Trimethoprim together with

sulphamethoxazole in a fixed-dose combination has broad spectrum

anti-bacterial activity. Pyrimethamine together with sulphadoxine

in a fixed-dose combination is useful in treatment of falciparum

malarìa. Pyrimethamine by itself is useful in the treatment of
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toxoplasmosis. lt can be seen that trimethoprim, at the concentration

of I and lOug/ml, has no effect on mitogen-induced lymphocyte

transformation (table I I l-4). ln contrast, pyrimethamine at

concentrations of I to lopg/ml, enhanced the lymphocyte response

to mitogens (Chapter Vll).

0uinine, chloroquine. Þrimaquine and quinacrine

These are very useful antimalarial drugs. Quinine is an

alkaloid derived from the bark of the South American native cinchona

tree. Al though'used for the treatment of malaria as early as the

seventeenth century, it was not sPecificatly prescribed for the

treatment of malarîa unti I the nineteenth century when the diagnosis

of rnalaria could be establ ished by microscopÌc examination. lt was

superceded by synthetic anti-malarials in the early 1960r s but the

emergence of chloroquine-resistant strains has brought back quinine

into frequent use. Ch'loroquine is a synthetic 4-aminoquinoline

compound, very useful for the treatment of malaria. Primaquine is

an B-ami noqu i nol i ne wi th a d i fferent mechan i sm of act ion from

quinine and chloroquine which bind to DNA; rather, it undergoes

biotransformation into oxidants. I t can be seen from tabìe I I l-4

that at the concentrations of I to l0ug/ml which can be easily

achieved with conventional dosage of these drugs, the prol iferative

response of lymphocytes to mitogens was significantly depressed.

Quinacrine is an acridine dye which binds to DNA. lt has

been used extensively in the chemoprophyìaxis of malaria. I t
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Table III-4. Effect of trimethopr_im, quinine, chloroquine, primaquine
and quinacrine on mitogen-induced'lymphocyte [ransformation.'

Drug concentration
(uglml )

Cpm 3H-thymidine uptake (mean tS.D.)
No mi togens PHA, pl^tM

TrÍmethoprim

Quinine

Chloroquine

Prirnaqui ne

ul nacrr ne

708 r 101

522 t
503 t
472 t
591 t

28,254
21,045
26,229

t4
+1
t2

0
I

10

t4
t3
t4
t4

91
70
115
98

0
I
4
0I

+4
tZ
+2
+B

?t
9t
6t
0t

0
1

4
01

4t
9t
5t
5t

xZ
:4
+?
*5

2t
4x
5t
8t

0
I
4
01

t2
t5
tZ
t8

2 + 1,506
0 1 2,163
5!26
9!42

0
1

4
0I

32,408 :
25,033 *
19,841 +
16,416 +

13,549
10,520
1 1 ,043
10,615

,259,
,Bo4
,52r

14,495
11 ,9og
l?,921

20,180
18,567
15,900
13,390

,429
29
B4

,670
,442
,377
,097

r1
t4
t6

2t1
0tZ
2tI
BtZ

42
4l
32
50

30
1I
10
158

54,782
47 ,96A
50,465
39,732

,909
,608
,942
, 311

25,07
20,87
23,70
18,35

13,54
10 ,51

6 ,58
3,49

,036
,4 30

,199
,182

5,389
3,B28
2,965
7,432

53
7B
52
42

20r
787
25I
46

35 ,449
28,370
I8,207
11,570

,46 5
,658
,047
,498

461 r 110
249 t 46
?ßr-32
27L x I5B

58 ,35
37,34

72
26

21 ,458
16,220

156
186

,2ß
,467
B

7
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use for treatment of tapeworm infestation has been superceded by less

tox¡c agents. Suppression of mitogen-induced lymphocyte trans-

format ion can be demonstrated i n-vi tro (taUle I I l -4) .

The imidazoles

Several of the imidazole derivatives have found useful cl inical

appl ications. Metronidazole is a nitroimidazole fi rst introduced

in 1959 for the treatment of trichomoniasis, and later proved

effective for the treatment of amoebiasis and anaerobic infections.

Tinidazole is another nitroimidazole with anti-amoebic properties.

Miconazole is an imidazole derivative recently introduced for the

treatment of systemic fungal infections.

Metronîdazole has been shown to be carcinogenic in experimental

animals and mutagenic in bacteria. Tinidazole has been shown to

have immunosuppressive properties. lt would appear that miconazole

may be simî larly predisposed. The results from studies on

lymphocyte transformation (taUle I I l-5) indicate that it has a

potent inhibitory effect.

Nitrofurantoin

This is a furan derivative with a nitro group in the 5 position.

Furans have broad spectrum antibacterial activity, but this activity

is reduced markedly in the presence of bìood and serum. Hence the

main use of nitrofurantoin îs in the treatment of urinary tract

infections. No effect of this drug on mitogen-induced lymphocyte

transformat ion was observäd (tabte I I I -5) .
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Table III-5. Effect ofmiconazole, nitrofurantoin, pentamidine and
isoniazid on mitogen-induced ìymphocyte transformation.

Drug concentration
(uglml )

Cpm 3H-thymidine uptake (mean 15.D.)'
No mi togen PHA Pl^lM

Mi conazol e

Ni trofurantoi n

Pentamidine

Isoniazid

1,382 t 989

502 t
343 t
293 t
289 t

0
1

10

30,873
26,105

238

90 ,759
83,8BB
86,2I9
94,631

,r27
,092
I

,093
,245
,982
,743

27 ,0r0 t
23,47 4 t
23,123 t
18,354 t

t2
t1
t1

20,610 t 6,365
5,661 t 354

134 t 15

t4
t3
t4
t4

382 t 49
451 t 69
386 t 83
561 t 146

0
1

4
10

17,683 t
15,311 t

7 ,972 t
1 ,041 t

t 3,946
¡. !,25I
t 508
t 656

54
38
80
28

0
1

4
01

0r1
2t1
6r1
3t4

,289
49
,054

3
7
2

491

44,548
38,274
24,630
4,687

1 ,339
1,536
475
59

0
1

5
10

804 t 67 35,2r
33 ,34
34,86
35,39

,795
,069
,784
,606

15,865 t 995
13,294 t 1,310
l0,577 t 909
11,640 t 982
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Pentamidine

Pentamidine is an aromatic diamidine synthesized for the

treatment of trypanosomiasis. lt has additional uses in the

treatment of North American blastomycosis and Pneumocystis carini i

pneumonia. A potent effect on mitogen-induced lymphocyte

transformat¡on was observed (taUle I I l-5).

lsoníazid

lsoni azid, a hydrazide of isonÎcotinic acid, is a valuable drug

for the treatment. of tuberculosis. The exact mechanism of action

is unknown, but it appears to interfere with the biosynthesis of

nucìeic acid and mycol ic acid. Therapeutic blood levels vary with

genetic disposition. ln slow inactivators, the drug can reach

lug/ml, whereas 0.Zyg/nl is the, usual level in rapid inactivators.

The results show that even up to the concentration of l0¡rg/ml, no

effect of this drug on mitogen-induced lymphocyte transformation

coul d be detected (table I I ¡ -5) .

Conclusion

The results of screening tests on 25 antimicrobial drugs show

that at least five groups deserve further study. There are (l) the

tetracycl ines (Z) the antîfungal agents such as amphotericin B and

miconazole, (3) the antimalarials such as quinine, chloroquine,

primaquine, quinacrine (4) the diaminopyrimidines such as pyrimethamine

and trimethoprim, (5) the aromatic diamidine, pentamidine.
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. No screening programme is foolproof, nor îs this programme

designed to be exhaustive. 0nly commonly used antimicrobial drugs,

or those considered to have cl inical importance and personal

interest have been included. Nevertheless, th¡s screening study is

sufficiently wide-rangîng to have identified most of the antimicrobial

drugs with immunomodulating potential .

A decision was made to study the first four groups mentioned

above in greater detail for presentation in this thesis. These

in-depth studies, both in-vitro and in-vivo, will be presented in

the next five chapters.
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I NTRODUCT I ON

The tetracycl ines are extremely useful broad spectrum antimicrobial

agents. The first of the tetracycl ines to be isolated was

chlortetracycl ine, obtained from streptomyces aureofaciens in 1948.

The next, oxytetracycl ine, was obtained from s. rimosus in 1950.

Catalytic dehalogenation of chlortetracycì ine yielded tetracycl ine

in 1953. Since then, many more analogues have been made available

by semi-synthetic manufacturing processes. some of the newer

analogues have pharmacological advantages over those introduced much

earlier. Doxycybline for instance is better absorbed from the

gastrointestinal tract, penetrates better in the tissues, has lower

toxicity and does not accumulate ín renal fai lure (Symposium on

doxycycì ine, 1976).

Al I the tetracycl ine analogues have a basic four-ring structure

i I lustrated in figure lV-1. They are crystal I ine amphoteric

substances sparingly soluble in water. The hydrochloride salts

have better solubi I ity, and are more stable except for chlortetracycl ine.

They bind strongly to divaìent metal ions. Because of these

properties, most tetracycl ines are not wel I absorbed when given oraì ly.

Thei r continued presence in the gastrointestinal tract leads to

changes in the intestinal flora, so that overgrowth of candida and

other microbes can be a problem. At a conventional dosage schedule

of two grams daiìy, bìood ìevels of 5-Bug/ml can be reached, but

penetrat¡on into joint fluids and cerebrospinal fluid is much lower.
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oHo oHo
OH

I
Rrorr HRa rN1cn.),

Figure IV-1. Basic structure of the tetracyclines. They differ only

R

with regard to the side chains at the R1, R2
instance, chìortetracycline has the followin
Rz + -CHs , Rs = -0H. For oxytetracycline,
Rs = -0H. Whereas tetracycline has: Rr = -
Doxycycìine is slightìy different: Rr - -H,
substitutions are similar to oxytetracycìine
no -0H at position 6.

c 20
- NH,

OH

and R3 positions. For
g side chains: Rr = -Ò1,
it is: Rr = -H, R2 = -CH3,
H, Rz = -CHg, R3 = -fl.

Rz = -CH3, R3 è -0H; these
, except that doxycycl'ine has

,t)
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Higher concentrations of tetracycl ine in these fluids can be achieved

by means of d i rect i nst i t lat ion of parenteral preparat ¡ons.

Tetracyclines are indicated for the treatment of a wide variety

of infectious cliseases. They are the drugs of choice for cholera,

mycoplasma and chlamydia Ìnfections. They are useful for the

treatment of anaerobic infections in the chest, abdomen and genÎtourinary

tract. They may be I ife-saving in a number of unusual infections

including brucel losis, plague, tularaemia, ornithosis, Rocky Mountain

Spotted Fever, scrub typhus and other typhus fevers, and falciparum

malaria. The cu,rrent position of tetracycl ine has been reappraised

(The New York Academy of Medicine, 1978).

Treatment with tetracycl ine is êssociated with a number of side

effects. Gastrointestinal compl ications are most common; these

include nausea, vomiting and diarrhoea; candidiasis and staphlococcal

enterocol itis are also encountered. They can cause hepatic injury,

particularly in high dosages. Renal tubular acìdosis has been

reported with the use of outdated preparations. They also deposit

in bones and teeth of young chi ldren. They cross the pìacenta

easily; teratogenic effects have been demonstrated in experimental

animals and observed in a few human infants. Al lergic reactions to

tetracyclines are not common and take the form of drug fever and

ski n rashes.

Little is known about the immunopharmacological properties of

tetracyclines. A few reports have commented on the ability of
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tetracycl ines to suppress neutrophi I chemotaxis (Munoz and Geister,

l95O; Forsgren et al, l97l+), phagocytosis and metabol ic activity

(nuU¡nstein and Pelet , 1973; Hi I I et al , 1971+), as wel I as the

bactericidal effect of serum (Forsgren and Gnarpe,1973).

Evidence for suppression by tetracycl ine analogues of both

in-vitro (Thong and Ferrante, .|979a) and in-vivo (Thong and Ferrante,

1980a) immunological responses are presented in the next two sections.

I N-V I TRO STUD I ES

Prel iminary studÎes have establ ished that the tetracycl ine

analogues, at concentrations used in these experiments, urere not tox¡c

to lymphocytes for up to 4 days in culture, as assessed by trypan blue

dye exclusion (thong and Ferrante, 1979à).

Effect of varyinq doses of tetracvcl ines on mi toqen-st imuìated lymphocytes

Among the three tetracycline analogues, doxycycline was found to

produce the greatest suppression of 5H-thymÌdine uptake in both

PHA-stimulated and PVJM-stimulated cultures (tables lV-l and lV-2).

At a concentration of lOug/ml, percentage inhibition in PHA-stimulated

cultures was 94.4 in the presence of doxycycline, comPared to 24.0 in

tetracycl ine-treated and 23.0 in oxytetracycl ine-treated cultures.

The correspond i ng va I ues f or P\^/M-st imu I ated cu I tu res were 92.2, 36.2

and 13.6 respectively.



-75'
THE IMMUNOPHARMACOLOGY OF ANTIMICROBIAL DRUGS

Table IV-1. Effect of tetracycìine analogues on PHA-induced human

ìymphocyte prol i ferati ve responses

TetracYcl i ne Doxycycl ine OxYtetracYcl ine

n H- C mìn rH-
Drug

concentra ti on
(ug/ml )

1

4

10

n
thymi di ne

upta ke

35,990 t 10,425

31,569 t 8644*

32,030 t 8864*

thym'id'ine
uptake

34,592 t 10,541

26,849 t 8?991

2282 t 560+

thymi d'ine
uptake

35,696 t 6705

30,749 t 8977*

31,945 t 8395*

Results represent mean ts.d. of nìne experiments using cells from nìne
'äi;îå;;.t-ã;;;;t. upt.te of 3H-thymidine in control cultures was

4à,zea- t 81?7 ct/nin' (mean ts'd') '

* p<
t p<

0.01.
0. 001 .
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t

Table IV-2. Effect of tetracycline analogues on PWM-induced human

lymphocyte prol iferative responses'

Drug
concentra ti on

(ug/m] )

Tetracycì ìne

Ctlmin 5H-

thymi di ne
uptake

17 ,749 x 6478

13,BBB t 5063*

12,042 r 5349

Doxycycl i ne

eVmìn 3I.
thymi d i ne

upta ke

OxytetracYcl i ne

ffi
thymi dine

uPtake

1

4

17,834 t 7041

I?,378 t 4193*

1423 t 1071

?0,975 t 9468

17,217 t 7602

16,295 t 7537
10

Results rePresent mean ts'd' o

ãiiter.nt 'donors. UPtake of 3

19,358 t 9665 ctlmin (mean ts'
* p < 0.01.
t p < 0.001.

ine experiments using cells from nine
hymidine in control cultures was

fn
H-t
d.)
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The inhibitory effect of doxycycl ine was dose-dependent (tables

lV-l and lV-2). This effect was found to be due to a direct

inhibition of blast transformation. At lOUg/ml concentration, the

blastogenic index in PHA-stimulated cultures was 0.5 in the presence

of doxycycl ine compared to 26. I in control; in PVJM-stimulated cultures,

it was 2.1 in the presence of doxycycline compared to 17.0 in controls.

Effect of delaved additÌon of doxycyc I ine on mitoqen-stìmulated lymphocytes

Some characteristics of the inhibitory effect of doxycycì ine on

mitogen-induced lvmphocyte prol iferative responses were del ineated

with further experiments. lt was found that marked suppression of

lymphocyte transformation occurred even when doxycycl ine Ì^,as added

48 hours after the start of experiments (ta¡le lV-3). This would

suggest that doxycycline has a maximum effect on blast ceìls, which

are present 48 hours after mitogen-stimulation, although its possible

effects on the early phases, such as mitogen-receptor binding,

glycolys i s and RNA-synthes i s cannot be excl uded.

Effect of inhibiti on of mitooen-stimulated lvmphocvtes by doxycycl ine

Doxycycl ine may act by binding to cel I receptors in irreversible

fashion. This possîb¡ I ¡ty was studied by incubating lymphocytes with

doxycycl ine for one hour prior to culture. The inhibitory effect of

doxycycl ine could be reversed completely by washing (table lV-4),

suggestive of a lack of tight binding to receptors.
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Tabìe IV-3. Effect of inrnediate and delayed addition of doxycycìine on
mitogen-induced human lymphocyte proì iferative responses.

Time of addition of
doxycycl ì ne ( 10,u9lml )

PHA

ctlmin 3H-thymidine
upta ke

PI^lM

ctlmin 3H-thymidine
upta ke

0

24 hrs

48 hrs

None added

3102 t 198

3B0B t 575

5489 t 683

36,946 6601

1100 r 170

492 t 38

1508 t 419

16,063 3252

Results represent mean ts.d. of three experiments using three different
donors.
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Table IV-4' Reversibility of mÍtogen-induced human ìymphocyte responsesby doxycycl ine.

Treatment
(doxycycl ine tOug/ml )

PHA 3H-thymidine
upta ke

Pl,lM 3H-thymídine
upta ke

Unwas hed

l,lashed

Untreated control

2158 t 631

22,618 t 3519

26,92? x 4236

1377 I 660

7L,042 t 1619

13,633 t 2754

Results repnesent mean rs.d. of triplicate samples.
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I N-V I VO STUD I ES

The hîghest daily dosage of 100 mg,/kg used in these experiments

was that needed for the successful treatment of experimental

infections in mice and found to be well tolerated (thong et al, 1978b)

Effect of doxycycline on DTH

Doxycycline was chosen for the first set of exPeriments to

study dose and time-related activity on DTH responses to SRBC in

mice. For these experiments, mice were divided ínto 4 treatment

groups of 0, 30, 60 or l2O ng/kg doxycycline i.p. as a single dose.

Each group was again divided into 3 lots. One lot received

doxycycline 2 days prior to priming with SRBC, the second lot on

the day of priming and the third on the day of chaìlenge. The

results showed thatthere Ì^,as no effect on DTH when administered 2

days prior to prîming (taUle lV-5). ln contrast' there was

signifÌcant reduction of DTH responses when doxycycl ine was given

on the day of challenge. The increase in footpad th¡ckness was

31.1, 25.6 and ll.7Z in mice receiving 10, 60 and 120 ng/kg

respectively, compared to I+2.0% in controls. l/hen given on the

day of priming, suppression of DTH was only observed at high dose

(lZO mg/ks). lt was concluded from this set of experiments that

doxycycl i ne was most effect i ve i n suppress i ng DTH at the man i festat ion

phase of the immune response.
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Table IV-5. Effect of Doxycycline administered at various times on tlre
DTH response to SRBC in mice.

Doxycycì'ine
dosage
(mg/kg)

Day of Administratio
(% footpad increase r

0

n
S.E )

-2 +5

0

30

43.8 t 3.3

38.4 t 3. 1

34.7 x 2.2

35.? t 2.8

48.6 t 3. B

44 .5 t 3.6

38.0 r 2 .4

*35.6 t 1.8

42.O t 2.i
*31.1 r 3.5

**25.6 t 3.3

tlt.7 x z.r

60

r20

Each experimental group consisted of 6 mice.
Doxycycìine was administered at various dosages as a singìe i.p.
injection on the day indicated. At day 0, lhe mice recéived 1 x 108
SRBC s.c. They were challenged with I x 108 SRBC in the hind footpad on
day 5 and measured on day 6.

* p < 0.05. p<0.01. t p<0.001.**
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Effect of tetracvcl ine analoq ues on manifestation Phase of DTH

To discover whether other tetracycline analogues have similar

capacity to suppress DTH, another set of experiments was performed

with these drugs injected at the manifestation phase of DTH. The

results showed that significant reduction (30-\52) of DTH occurred in

groups treated with doxycycl ine, rol itetracycl ine and tetracycl ¡ne

(taUte lV-6). A simílar degree of reduction occurred in the groups

receivÎng oxytetracycl ine, but this did not approach statistical

significance because of the wide variation in values.

Effect of doxycy cl ine on macroÞhaqe chemotaxis

The manifestation phase of DTH not onìy depends on the integrity

of sensitized lymphocytes, but also on the ability of macrophages to

infi ltrate subcutaneous tissue. Previous studies on mitogen-induced

lymphocyte transformation suggested that sensitized lymphocytes are

affected by tetracyclines. The present set of experiments v¡ere

designed to evaluate the Înfluence of these drugs on macrophage

chemotaxis. For these experiments, mice were divided into 4 groups.

Three groups received a single ¡.p. injection of either 25, 50 or

100 mglkg doxycycline 24 hr prior to PHA-injection, while the fourth

received i.p. saline and served as control. The results (taUle lV-7)

showed that PHA-induced macrophage influx was significantly depressed

in mice receiving 100 mglkg doxycycline (¡.4 x lO6) compared to

control (6.1 x lO6).
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Table IV-6. Effect of tetracyc'ìine anaìogues on the manifestation phase
of DTH response to SRBC in mice.

Tetracycl i ne
(t00 mg/kg)

% increase footpa
(mean t S.

d thickness
E. )

No drug

Doxycycì i ne

Rolitetracycìine

Tetracycì i ne

Oxytetracycì i ne

62.r

37.2

33.6

38. 5

39.2

7.4

3 .6'k

5.5*

6.9**

9.8

+

+

+

+

t

There were 6 mice per experimentaì group.
They received I x 108 SRBC s.c. at day 0, challenged with the same number

SRBC in the footpad at day 5 and measured for DTH at day 6.
Tetracycìines were given as a singìe i.p. injection at day 5.

* p <. 0.01 . ** p . 0.02.
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Table IV-7. Effect of doxycycìine on PHA-induced macrophage accumulation
in mouse peritoneal cavitY.

Doxycycl i ne
dosage (mg/kg)

Macropha
i nfì ux

50

ge
(x 106) 6.2 ¡ t.0 7.8 r 1.0 4.4 t L.2 3.4 t 0.8*

100250

* p < 0.05

There were. Il-I2 mice per experimenta'l group. The mice received i.p.
àoxycycì i'ne 24 hr priôr to i.p. iniection of PHA (3sug/mouse).
Peritöneal washouts were performed 48 hours after PHA-i,niection' The

va]ues represent the mean (t S.E.) number of macrophages present ìn the
peritoneaì cavity'in PHA-injected mice m'inus the number of macrophages
(2.2 x 106) present in mice not given PHA.

t

,



_ 85-

THE TMMUNOPHARMACOLOGY OF ANTIMICROBIAL DRUGS

Effect of dailv iniections of doxycyc I ine on antibody and DTH responses

ln the ct inical situation, tetracycl ines are usual ly prescribed

for several days. VJe therefore studied the effects of multÎple

doses of doxycycl ine on DTH and antibody responses to SRBC. The

results confirmed previous findings that doxycycl ine has potent

suppressive action on DTH (taUle lV-B). ln contrast, there was no

significant effect on antibody responses.

CONC LUS I ONS

The results of the present studies indîcate that tetracycl ines,

and in particular doxycycl ine, have Potent suppressive effects on

DTH in mice. The daily dose of 100 mg/kg used in these exPeriments

is the usual regime for therapy of experimental infections in mice

(thong et al, 1978b), and is well tolerated. At the same dosage

scehdule, antibody responses \^/ere more resistant to the influence of

tetracycl i nes.

The most probable site of action of tetracycline appears to be

on the effector cells of the DTH response. This interpretation is

supported by three I ines of evidence. Firstly, suppression of DTH

was more pronounced when tetracycl ines were administered during the

manifestation phase of DTH, rather than at the induction phase.

Secondly, a marked reduction in infìux of macrophages into the

peritoneal cavity occurred after tetracycl ine treatment. ' Thi.rdìy,

in-vitro studies showed that tetracycl ines have direct action
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Table IV-8. Effect of multiple doses of doxycycline on antibody and DTH

responses to SRBC in mice.

Trea tment Anti -SRBC ti ter
(logz mean + S.E.)

% increase ìn footpad
thickness (mean t S.Ë.)

Nit

Doxycycl i ne

8.2 t 0.3

7.7 t 0.3

38.9 r 2.5

16'.7 t 2.8*

* p.0.001.

There were B-9 mice per experimentaì group. Mjce were primed w'ith
1 x 108 SRBC s.c. for DTH stud'ies, and 1 x 10s i.v. for antibody studies
at day 0. Treated groups recejved i00 mg/kg doxycycljne i.p. daì'ly
unti I day 5, r,rhi I e control s recei ved sal i ne only . DTH groups u/ere
challenged at day 5 and read at day 6. Antibody groups were bìed at day
6. The treatment regjme was well toierated.
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on blast cells, since their suPpressive effect on lymphocyte

transformation was just as potent when added 48 hours after the start

of cultures, â time when blast transformation had already occurred.

The mechanism by which tetracycl ines adversely affect immune

function is not well understood. This may be related to its metabolic

effects on microorganisms. ln this respect, its principal mode of

action appears to be inhibition of protein synthesis by bindÎng to

the 30s ribosome to prevent the attachment of RNA (Cale et al, 1972).

At h¡gher concentrations of 50-l00Ug,/ml, tetracycl ines also inhibit

DNA synthesis an{ alter membrane properties of Escherichia col i and

Bacillus subtilis (Pato, 1977); the relevance of this observation

in human lymphocytes is not cìear, since the effects on human

lymphocytes were seen with low concentrations of l-lOug/ml.
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I NTRODUCT I ON

Miconazole is a recently introcuded broad spectrum antifungal

agent with potential for the treatment of systemic mycotic infections

(Van Cutsem and Thienpont, lg72; Hoeprich and Goldstein, 197\;

Stevens, Levine and Deresinski , 1976). Blastomyces brasi I íensís,

Blastomyces dermatitidis, and Hîstoplasma capsulatum are sensÌtive

in vitro to S O.lUg/ml. Madurel la mycetomi, Coccidioides immitis,

Paracoccidioides brasi I iensis and Actinomyces israel i ì are

sensitive to 0. l-l.Oug/ml. Cryptococcus neoformans, Nocardia

asteroides, Sporothrix schencki i, Candida albicans, Aspergi I lus

fumigatus and Gram-positive bacteria are sensitive to l-l0ug/mì.

The mechanism of antimicrobial activity is not wel I understood.

At low concentrations, it appears to act on the cell membrane to

interfere with uptake of purines and glutamine. At higher

concentrations it appears to affect the structure of microsomal

memb ranes .

It is a synthetic imidazole deviative with a molecular weight

of lt79 daltons (figure V-l). lt is practicalìy insoluble in water

and very stable. I t is wel I absorbed from the gastrointestinal

tract. An intravenous preparation is also avai lable, consisting

of l0 mg/ml of miconazole in 0.1l5 ml polyethoxylated castor oil,

1.0 mg lactic acid, 0.5 mg methylparaben, 0.05 ng propylparaben

made up in water. This carrier solution has been repôrted to

cause hyperl ipidaemia, phlebitis and haematological abnormal ities

(Bagnarel lo et al, 1977:' Sung and Grendahl, 1977). Miconazole
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Figure V-1. ltructura'l formula of miconazole nitrate. The chemical
IgiiYli it t-lz,+ -dichloro-ß-(2,4-dichlorobenzytoxy) pnenðtñviJiriåazore
nt trate.
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itself Îs wel I tolerated. lt is metabol Îsed in the I iver and

excreted via the gastrointestinal tract. Biood levels of 1'ZVg/nl

by oral administration, and l-l0ug/ml by intravenous infusion, can

be reached at therapeutic doses.

I N-V I TRO STUD I ES

A stock solution of miconazole was prepared by disolving 5 mg

of the nitrate salt in I ml propylene glycol and stored at 4oC.

Further dilutions'were made Ìn RPMI-1640 medium and the pH maintained

at close to 7.4. Preliminary studies showed that lymphocyte

viabiìity; as assessed by trypan blue dye exclusion was not affected

by miconazole in the concentrations used in these experiments for as

long as 4 days in culture (thong and Rowan-Kelly, 1977). The

concentrat¡ons of propylene glycol used in these experiments had

also been previously determined not to affect lymphocyte transformation.

ln the next three sets of experiments reported here, appropriate

concentrations of this diluent were added to control cultures.

Effect of varyînq concentrations on lymphocyte transformation

A pronounced dose-dependent suppression of mitogen-induced

lymphocyte transformation was observed (taUle V-l ). At miconazoìe

concentrations of 1,5 and lOpg/rnl, percentage inh¡bition was 12.6,

67.0 and 99.1 for PHA-stimulated cultures and 26.0, 76.2 and 97.8

for P\rfM-stimulated cul tures, respectively.
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Table V-1. Effect of yglvinO concentrations of miconazole on.mitogen-
induced ìymphocyte proìiferalive responses.

MICONAZOLE
(uglml )

PHA
cpm 3H-thymidine uptake

Pl^lM

cpm 3H-thymidine uptake

0

I

5

l0

43,388 t 15,395

36,668 t 9,449*

15 ,959 t 6 ,7 49+

387 t 27Zt

14,965 x 6,902

9,808 ! 4,472t*

3,268 r 1,146+

236 t 7t+

The results represent mean t s.D. of 7 experiments using 7 donors.
* p<0.05. t p.0.001. ** p > 0.05.

I
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Reversib¡ I ity of inhib!tion by miconazole

Washing off miconazole after incubatÎng with lymphocytes for

I hour did not abrogate the inhibitory effect of this drug on

lymphocyte transformation (taUle V-2). Percentage inhibition was

99.2 in washed cultures, and 99.6 in unwashed cultures.

Effect of delaved addition on lvmphocyte transformatíon

There was a progressive reduction in percentage inhibition when

miconazole was added at various time intervals after the initiation

of cultures. Percentage inhibition was 91"8 at 4 hours, 57.5 at

24 hours and only 10.5 at 48 hours after the start of experiments

(ta¡le v-3).

IN-VIVO STUDIES

ln these experiments, miconazoìe nitrate was administered as a

suspension in 0.3 ml of distilled water by oro-gastric tube (thong

and Ferrante, 1979b) or by i.p. injection (thong, Ferrante and

Secker, lgBOa). The highest dosage used in these studies (lO0 rng/kg)

was well below the LD50 dose of 578 nS/kS (Van Cutsem and Thienpont,

1972) and d id not produce toxicity. Control mice received disti I led

water only.
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Tabte V-2. Non-reversible inhibition of mitogen-ìnduced lymphocyte
prot i ferati on by m'iconazol e.

cpm 3H-thymidine uPtakeMiconazo]e Treatment
( lOug/ml ) PHA

Unwashed

hlashed

Untreated contro'l

173 t 53

330 r 175

47 ,577 t 5,699

Results expressed as mean tS.D. of triplicate sampìes.

') )
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Effect of inrnediate and deìayed addition of miconazQle
on mi togen-i nduced human lymphocyte prol i ferati ve responses.

Time of addition
of miconazoìe

( iOus/mì )

PHA

cpm 3H-thymidine uptake
Pl,JM

cpm 3H-thymidine uptake

0 hrs

4"
24'
48'

704 t 2I3

3,268 t 2,269

16,937 t 1,319

35,654 t 1,996

232 t 72

2,436 t 836

6,230 r 1,506

20,028 t 2,816

None added 39,818 t I,795 20,934 t ?,209

Results represent mean tS.D. of tripf icate samples.
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Effect of miconazole on antibodv resPonses in mice

For these experiments, 6-8 week old male BALB/c mice received

either .|00 mglkg or 300 ng/kg daily in two divided doses, morning

and evening, fron 2 days before until fÎve days after priming with

SRBC. The mice were bled 6 days after priming for determination

of haemaggìutinating titre to SRBC. The results showed that no

supprcssion of antîbody responses occurred at the dosage of ì00 ng/kg/day,

and mild suppression occurred at 300 ng/kg/day (taUle V-4).

Effect of miconazole on skin qraft survival

For these experiments, 6-8 week old BALB/c mice were also

treated with a simi lar dosage schedule of miconazole, starting 2

days before skin grafting untîl complete graft rejecton had

occurred. The results (figure V-2) showed that control mice

rejected c57BL skin grafts by 13.6 + ,l.8 days (mean + S.D.),

compared to ,l4.9 + l.B days for those receiving 100 mglkglday

(pcO.05), and lB.6 + l.! days for those receiving 300 ng/kg/day

(p.0.001). These dosages of miconazole were wel I tolerated.

Effect of varying doses of miconazole on DTH

For these experiments, male BALB/c mice were divided i nto

4 groups. They were primed with SRtsC on day 0. They received

100, 200 or J00 mg/kg miconazole i.p. daily from day 0 tiìl day 5,

whi le controls received saì ine only. The results (taUle V-5) show

a dose-related suppression of DTH by miconazole. Significant
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Table V-4. Effect of miconazole on antibody responses in mice.

Mi cona zol e
dosage

(mg/kglday) Experíment 1

Haemaggì uti nating anti body
ti tre to SRBC*

Experiment 2

0

100

300

l0.o s 0.6 (s)

9.8 t 0.4 (5)+

9.et0.6(e)

e.0 t 0.4 (rr)l

* Results expressed as 1og2 mean tS.D. titre. + p > 0.05. T p.0.05.

I

,



_ 98_

THE IMMUNOPHARMACOLOGY OF ANTIMICROBIAL DRUGS

^ 100
\oo\

80

60

40

20

0

Figure V-2.
(c
animaìs and

t
É,
f,
U'

t-
lJ-

E
o
z
}(
U)

10 12 14

r Control ( 20 animals )
r 100 mg/ ks /¿uy ( 10 anima ts )

¿ 300 mg/kg /¿uy ( l0 animats )

16

DAYS
18 20 22 24

Effect of miconazole on skin graft survival in mice.
),Control , tîu!!.y ani.mals; ( ä t 100mg/kg per åay,( ^a ) 300 mg/kg per day, ten añimals]

n



-99

THE IMMUNOPHARI4ACOLOGY OF ANTIMICROBIAL DRUGS

Table V-5. Effect of varying dosages of miconazole on DTH to
SRBC in BALB./c mice.

Treatment
(mg/kglday)

DTH

& increase ín
footpad thickness)

p value

0 50.3 + 5.6

32.4 + 2.1

14.6 + 4.0

t0.6 + 2.8

100

200

300

< 0.02

< 0.001

< 0.001

There were 8 to l0 mice per experimental group - they were
primed with I x 108 on day 0, challenged with the same number
of SRBC on day 5, and measured for DTH on day 6. They
received miconêzole i.p. daily at the above dosages from
day 0 till day 5.
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suppression (p<0.02) of DTH occurred at the comparatively

of ,l00 mg/ks which had no effect on skin graft rejection'

doses caused even greater supPression of DTH.

low dosage

H igher

Effect of miconazole on induction or expression of DTH

The next set of experiments was designed to determine the phase

of DTH on which miconazole produces ¡mmuno-suppression. For these

experiments, â single i.p. dose of miconazole (3OO mglkg) was given

to male BALB/c mice, either on the day of priming with SRBC (day 0)

or on the day of ghallenge with SRBC (day 5). The results (taUle V-6)

show that significant suppression occurred when miconazole was

administered during the manifestation phase of DTH (p'0.001).

Although some suPPression of DTH occurred when the drug was given

at day O, this did not approach statisticaì significance (P>0.05).

Effect on DTH in tumour-bearing mice

The 816 melanoma is syngeneic in C57Bl,/6J mlce. For these

studies, 6-8 week-oìd male mice were divided into 4 groups.

Groups I and 4 received I x IOG Br6 melanoma cells i.p. / days Pr¡or

to priming with SRBC. At day 0, al I mice were primed with I x lOg

SRBC subcutaneously, and tested in the footpad at day 5, and read

for DTH at day 6. Groups 2 and 4 received 200 ng/kg miconazole i.p

daily from day o t¡ll day 5, while controls (group l) and tumour-

bearing mice (group 3) received sal ine only.
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Table V-6. Effect of miconazole on the induction and expression
of DTH in BALB/c mice.

Treatmen t
(mglkg) Q increase

Exp. I

DTH

i n footpad th i ckness)

Exp. 2

0 48.9 + 6.2

37.5 + 7.6

6o.o + 3.7

28.6 + 4.4300

p val ue >0. 05 <0.00 I

There were B to l0 mice per group. They v,,ere primed wîth SRBC

on day 0, and challenged with SRBC on day 5.

tn exp. l, the mice received a single 300 mglkg dose of
miconazole i.p. on day O, whi le controls received sal ine only.

ln exp. 2, the mice received a singìe 300 mglkg dose of
miconazole ¡.p. on day 5, while controls received sal ine only.
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The results (figure V-3) showed that DTH in tumour-bearing mice

(group 3) were reduced to 36.12 "oro"red 
to 66.8?¿ in controls (group l);

this was statistical ly significant (p.0.001). Mice treated with

miconazole (Sroup 2) also showed depressed DTH of 19.7% (p.0.001).

The most striking results were in group 4, where tumour-bearing

mice treated with miconazole showed DTH of only lì.6%, much lower

than either tumour-bearing alone or miconazole treatment alone

(p<0.05).

CONCLUS I ONS

ln-vivo studies confi rmed in-vitro findings that miconazole is

a potent immunosuppressive agent, more so on DTH than on antibody

production. This property may I imit its value as a systemic

antifungal agent because of a requirement for cell-mediated immunity

to aid in elimination of fungal infections. One way to check on

this is to incìude immune function monitoring into cl inical trials

now being conducted with miconazole. Since patients with cancer or

other debilitating diseases are the usual ones to acquire deep

mycotic infections, more information about immunosuppression by

miconazole can be obtained by testing for DTH in tumour-bearing mice.

The results indicate that DTH in tumour-bearing mice treated with

miconazole are much lower than DTH in either category alone, i.e.

the immunodepression associated with tumour-bearing is further

compromised by miconaozle treatment.
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c57Br / 6J

Conlrols
( N=10 )

Tumour
, (N=6)

Miconazole
nitrale Tumour +

(N=10 ) Miconazole
nitrate

( N=1O )

Figure V-3. Effect of miconazole on DTH in tumour-bearing
C57Bl/6J nice Dosage of miconazole was 200 mg/kg i.p.
daily from day 0 untiì day 5. All mice were primed on
day O and challenged at day 5 with I x IOB S.R.B.C. The
B¡g melanoma was given i.p. / days prior to priming with
s.R.B.C.
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0n the other hand, the use of miconazole as an immunosuppressive

agent in organ transplantation or autoimmune diseases should be

further explored, because it appears to be very potent. The

histocompatibi I i ty barrier between BALB/c and C57Bl mice is very

strong, and to delay skin graft rejection in this situation is qtrite

d¡fficult. Yet miconazole, an imidazole derivative, and niridazole,

a n¡tro-imidazole derivated (Mahmoud et al, 1975), can delay skin

graft rejection for a number of days. lf miconazole proves useful

in cl inical transpìantation, it wi I I have advantages over the

conventional immunosuppressive drugs by possessing broad-spectrum

antifungal and antibacterial activities (Van Cutsem and Theinpont,

1972), and even anti-Bacteroides activity (thong and Ferrante, l97Ba),

so that opportunistic Înfections may be reduced in these patients.
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1 NTRODUCT I ON

Amphotericin A and B were isolated from StrePtomyces nodosus

in 1956. Amphotericin A proved too toxic for cl inicaì use.

Amphotericin B, although fairly toxic, has become very useful for

the treatment of systemic fungal Înfections. lt is an amphoteric

polyene with an aminomethylpentose structure and the empi rical

formula C45H7302r.,N. For intravenous and intrathecal administration,

a col loidal preparat ion conta i n i ng desoxychol ate and phosphate

buffer is used. lntramuscuìar injections cannot be given because

of inflammation and tissue necrosÎs. lts spectrum of antifungal

actîvity includes Candida albÎcans, Torulopsis glabrata, Cryptococcus

neoformans, Coccidioides immiti s, Blastomyces dermati tidis, H!stoplasma

capsuìatum and Sporothrix schencki i. Renal, hepatic and marrow

damage are serious compl ications of amphotericÌn B therapy.

The immunopharmacology of amphote¡icin B is not well understood'

Enhancement of immunological responses occurred after a single

injection of amphotericin B (ls¡rikawa, Narimatsu and Saito, 1975;

Blanke et al, 1977), whereas its presence in culture suppressed

mitogen-stimulated lymphocyte transformation (Tarnvik and Ansehn,

l97l+; Thong and Rowan-Kelly, l97B). lt has aìso been shown to

interfere with neutrophil chemotaxis (Bjorksten, Ray and Quie, 1976;

Thong and I'less , 1977).

tn the cl inical situation, amphotericin B is administered once

a day or every other day for many weeks, rather than the sîngìe

dose employed in previous in-vivo studies. The immunopharmacological
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effects of daily injections of amphotericin B in mice are described

in the next sectÌon; further in-vitro studies employing mouse

lymphocytes are also described (Ferrante, Rowan-Kelly and Thong,

1979) .

IN-VIVO STUDIES

The highest daily dosage of AmB (7.5 ng/Uslday) in these

experiments had been used for the treatment of experimental infections

in mice (thong et al, l97Bb). Toxicity was not evident at this

dosage level.

The effect of AmB on the DTH response

Animals were divided into 6 groups of 6. Those in the first

I groups received either 2.i, 5.0 or 7.5 ng/ks/body weight of AmB

daily, while the other three groups were injected with the respective

amounts of D0C. Prel iminary studies had establ ishe-d that D0C' at

the highest concentration used in these exPeriments (6 mglkg) did

not affect immunological responses. Treatment was started one day

before immunization and terminated on the day of challenge (day 5).

These dosage schedules were well tolerated.

The results presented in Figure Vl-l show that AmB markedly

suppressed the DTH response. Significant suppression occurred in

anirnals treated with 5.0 and 7.5 ng/kg body weight (0.02<p<0.05 and

p<0.001 respect ively) .
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F'igure VI-l. The effect of daiìy AmB treatment on the DTH response.
( U) DOC treated; ( E ) AmB treated. Suppression was signìficant at
5.0 and 7.5 ng/kg body weight (0.02<p<0.05 and p<0.001 respectively).
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ln order to determîne if AmB affected the priming or the

manifestatÎon phase of the DTH response, further exPeriments were

set up to find out if AmB was acting at one or both of these phases.

The effect of AmB on the priminq and manifestation phase of the DTH

res pon se

ln the following experiments the dose of AmB chosen to be

injected into mice vrras 7,5 ng/kg body weight because this dose gave

the best suppression in the experiments described above. Mice were

divided into l0 groups of 5. The first 5 groups were treated with

AmB as follows: Mice in groups l, 2 and 3 were given daily treatment

starting I day before, on the same day and one day after priming with

SRBC respectively. Treatment was stopped on day 5. The remaining

2 groups were given single injections of AmB. Mice in group 4

received AmB on the same day as priming while those in group 5 were

given AmB on the day of challenge (day 5).

The data presented in Figure Vl-2 demonstrate that AnrB given

after the day of prìming could sti I I inhibit the response. 1n fact,

a single dose administered on the same day as challenge markedly

inhib¡ted the DTH response. However, a single injection given on

the day of priming had no significant effect. The results indicate

that AmB affected the manifestation phase of the DTH response.

The effect of AmB on the anti-SRBC antibody response

The ability of AmB to inhibit the haemagglutination antibody
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Figure UI-?. The effect of AmB on the prim'ing and manifestation phase of
thé DTH response. (@ ) DQC treated; (Ú ) AmB treated. l"lice in groups
1, 2 and 3 vrere g'iven daiìy treatment of either DOC or AmB starting 1da¡'
before, on the same day and one day after priming respect'ive'ly. Those'in
group 4 were given a sing'le inject'ion on the day of priming wh'iie those
in group 5 receìved a single injection on the day of challenge for DTH

response. Signifìcant suppression occurred'in groups I,2,3 and 5 whjch
had been treated with AmB (p.0.001).
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response to SRBC was tested in mice treated with 7.5 ng/kg AmB daily,

beginning one day before prîming w¡th SRBC and terminating on day 5.

Control mice were treated with the respective amounts of DOC. The

results show that AmB had no effect on the antibody (fisure Vl-3).

Effect of AmB on immunoì oqlcê I resDonses in tumour-bearinq mice

For DTH experiments the mice were divided into 4 groups.

Groups I and 2 received saìine injections (¡.p.) at day 0, while

groups 3 and 4 received J x ¡05 816 melanoma cells, At day 7 all

mice were prinred, with I x 108 SRBC s.c. 0n the same day groups

2 and 4 received AmB (7.5 ng/kù as a daily injection for 4 days.

At day 13, all mice were challenged with I x lO8 SRBC in the footpad.

The DTH response was measured on day 14.

The results showed that tumour-bearing mice (group 3) had a

reduced capacity to mount a DTH response (Figure Vl-4); the

percent footpad increase was 33.7 compared to 69.2 În controìs

(group l). The results aìso confirm previous studies that multipìe

doses of AmB have a supPressive effect on DTH; the percent footpad

íncrease was reduced to 35.7 (group 2). 0f particular interest was

the finding that the combination of tumour-bearing and AmB therapy

resulted in a marked suppression of DTH, more than either tumour-

bearing or AmB alone; the percent footpad increase was only l6.B

(group 4).

For antibody experiments, another lot of mice \^,ere divided

into ll groups according to the above experimental design, except
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SRBC antibo
Neither AmB

circulatinq
(group 2) ð
this was no

. The,effect of AmB treatment on the haemaggrutinatìng anii-
dy response in normal mice and in mice beariñg 816 mêìãnoma.
nor 815-meìanoma (gr"oups Z and 3) caused a aãpreðsion of
haemagg'luti natì ng anti body 'level . In fact, AmB treatment

aused enhancement of the antibody response (p.0.001), aìthought observed if the mice were carry'in9 Br5 meìanoma (gioup 4).
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that the mice were primed with I x lO8 SRSC i.v. on day 7 and bled by

intracardiac puncture on day 14. The results showed that tumour-

bearing does not reduce the capacity to form antibody to SRBC

(Figure Vl:5); logz mean titre was 7.3 (group 3) compared to 7.8

in controls (9roup ì). ln mice receiving AmB (group 2), the anti-

body tire was significantly increased to 9.8. The tumour-bearing

mice receiving AmB (group 4) also showed a raised antibody titre but

this did not reach statistical significance.

I N-V I TRO STUD I ES

The effect of AmB on mi toqen- i nduced lymphocyte prol i ferat ion

ln order to define more clearly the effects of AmB on the immune

response, the effect ol' this drug on the mitogen-induced lymphocyte

response was stud i ecl.

Mouse splenic lynrphocytes were incubated in the presence of

either PHA or LPS and varying concentrations of AmB. Control

cultures were incubated with the resPective quantities of DOC as

that present in the AmB solution. Prel iminary studies in our

laboratory showed that desoxycholate (0OC), at the highest

concentration used in these experiments (2OUg/ml) d¡d not influence

lymphocyte transforrnation. The results showed that AmB markedly

inhibited the lymphocyte response to these mitogens (table Vl-ì).

Suppression was evident at 5Ug/ml concentration of AmB. At this

concentration ¡t had a more profound effect on the PHA than the LPS

resPonse.
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Tabl e Vl-1.
mi togens.

Effect of AmB on lymphocyte proliferation induced by

AmB

Concentra ti on
(uslm1 )

% Inhibition of 3H-TdR incorporation

PHA LPS

0

1.0

5.0

25.0

0

42.4 t 10.9*

78.8 t 5.5+

99.3 t 0.2+

21.5 t l2.I

48.8 : 10.0
:

96.3 t 0.9

0

+

I

Resu'lts expressed as mean 1 SEI'i of 7 experiments.
* 0.01<p<0.02. + not significant. + p.0.001. f 9.001<p<0.01.
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The effect of AmB on lymphocyte viabi I ity

Experiments were set up to determine if the immunosuppressive

properties of AmB were related to its toxicity for lymphocytes.

Splenic lymphocytes were incubated in microtitre plates in the

presence ofmitogens, and AmB or DQC. Ater 48 hr of incubation

the cells were tested for viability using the trypan blue dye

exclusion test (see materials and methods). The results obtained

demonstratecl that AmB was not toxic for lymphocytes at SUg/ml,

although some reservat¡on should be placed as to the accuracy of

this test as an indicator of celì viability (Ahuyan et al , 1976).

The effect of AmB on lymphocyte proliferatÎon in the presence of

subopt imal concentrations of mi togens

It has been reported previousìy that some drugs may demonstrate

dual effects (enhancement and suppression) depending upon the dose

of mitogen used (Cery E Eidinger, 1977).

Lymphocyte cultures wefe set up with varying concentrations of

PHA or LPS' To one set of cultures was added AmB (5ug/ml)' while

the control set received DOC. The results presented in Table Vl-2

show that AmB aìso suppressed the ìymphocyte response in the

presence of suboptimal mitogen concentrations.

Reversibility of AmB inhibïtory effect on lymphocytes

AmB once bound to sterol components of the membrane may câuse

irreversible changes to the membrane. ln the following experiments
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Table UI-z. Effect of AmB on ìymphocyte proliferation in the presence of
suboptimaì mitogen concentration.

PHA

Concentrati on
(uglml )

cpm 3H-TdR incorpòrated

D0c A14B

49,701 t 28,BZI

3,488 t 282

4,248 t 809

'?,586 t. 111

5,923 t 448

1,519 t 39

1,785 t 255

L,675 t 254

0.5

0 .05

0.005

0.0005

LPS
Concentration

(ug/ml )

250.0

?5.0

2.5

0.25

9,843 t 756

4,775 t 272

3,t4? -+- 74

2,570 t 266

4,825 t 595

2,?16 t 577

1,604 t 308

1,747 t 425

Results expressed as mean + SEM of tripìicate samples-
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Tabte VI-3. Reversibiìity of AmB induced'inhibition.

PHA

Treatment cpm 3H-TdR incorporated

DOC AMB

% inhibition

Non-washed

l,las h ed

30,72I t 2,263

28,395 t 870

5,457 t 583

14,041 t L,I20

82.2*
+

50.6'

LPS

Treatment cpm 3H-TdR incorporated

DOC AMB

% inhibition

f
Non-was hed

Washed

9,874 t 481

11,104 t 721

5,013 t 818

I2,I9I t 1,195

49.2

ilOn

Results expressed as mean + SEM of tripìicate samples.
Similar results were obtained in one other experiment.

* p<0 .001 . + 0.00 1<p<0. 01 . t 0.01<p<0.02 .
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lymphocytes were cultured in the Presence of AmB (5Uglml) in culture

tubes for I hr at 37oC. These were washed thrice with medium and

then added to wells in microtitre plates. To control tubes was

added DOC in place of AmB. Control cell cultures in which the drug

or diluent was not removed were also included. To the cultures was

added either PHA or LPS.

The data in Table Vl-3 shows that the inhibitory effect of AmB

on the PHA-¡nduced response could not be reversed by washing the

treated cel ls. ln contrast the inhibitory effect of the drug on

LPS-induced response was totally removed by washing the treated

I ymphocy tes .

The effect of delayed addition of AmB on lymphocyte responsiveness

The inhibitory effects of AmB could be related to its action

at either the initiation phase or the proliferative phase of the

mitogen-induced response. Experiments were set up to determine if

AmB displayed inhibitory activity after the lymphocyte response had

been initiated.

Lymphocyte cultures were set up in the presence of PHA or LPS.

At d¡fferent intervaìs of time, namely O, \,24, and 42 hr, AmB

(SUg/mì) was added to the respective wells. To control cultures

was added diluent (uOC) only.

The data presented in Table Vl-4 demonstrates that AmB had a

pfonounced el'fect on PHA and LPS induced response even when added

2\ hr after ini tíation of cul tures.
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Table VI-4. Effect of delayed additìon of AmB on mitogen-induced
res pons i veness .

Time
( hr)

% Inhibition of 3H-TdR incorporation

PHA LPS

0

4

80.3 r 6.4*

67.3 t 6.3*

59.4 t 4.0*

25.9 t 22.11

36.0 t 7.5+

35.4 t 9.7t

23.4 t 10.4r

Ll.4 t B.lt

24

42

Results expressed as mean + SEM of trip'licate samples.
Similar resul ts were obtained in one other experiment.

* p<0.001. + 0.01<p<0.02. f 0.02.p.0.05. f Not significant.
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CONCLUS I ONS

The first part of the study dealt with the effects of amphotericin

B treatment on a daily basis for 6 days on immunological resPonses in

mice. The results showed significant suppression of DTH at doses of

5 mg and 7.5 ng/kg/day; this dose has been used for treatment of

experimental infections in mice and found to be non-toxic (thong et al,

ì978b). The probabìe site of actïon was identified as the manifestation

phase rather than the el ici tation phase of DTH. Antibody responses'

howevef, were not depressed by AmB treatment. ln-vivo studies also

showed that the aìready depressed DTH of tumour-bearing mice was

further depressed by AmB.

The in-vi tro studies confi rmed and extended these observations.

Mitogen-inducecl lymphocyte transl'ormation was markedly inhibited in

the presence of lUg/ml AmB, well under the concentration of Zpg/nl

attainable in blood by conventional dosage schedules. The

suppressive effect was sti I I present after washing, which indicates

that AmB binds irreversibly to receptors on the lymphocyte membrane.

Its suppressive effect was still present 24 hours after the initiation

of cultures, which suggests that it acts on the proliferative phase of

the immune response.
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I NTRODUCT I ON

Malaria continues to be a scourge in the tropics and subtropics

with many deaths occurring among Înfants and young children. lt is

an¡mpcrtant cause of chronic ilì-health among the survivors.

There are four species of human malaria. Plasmodium falciparum

is the most virulent of the four, and produces the clinìcaì picture

of maì ignant tertÎân malaria. Plasmodium vivax produces the cl inical

picture of benign tertian malaria; P. Ovale is a rare cause of

benign tertian malaria. The termrttertianrrrefers to the spikes of

fever every third day, which coincides with the release of merozoites

from infected red cel ls. The fourth species of human malaria,

P. malariae, gives rise to symptoms of quartan malaria'

Malaria is transmitted by anopheles mosquitoes. Sporozoites

introduced by the b¡te first lodge in the liver where they multiply'

They then invade the red blood ceìls, where they continue their

cycle of multipì ication. Every three or four days depending on

species, the red cells burst to release merozoites, which go on to

infect other red cells. Later on in the infection, male and femaìe

gametes are also produced. The bite of a suitable vector at this

stage results in the transfer of some of these gaemtocytes into the

gut of the mosquito. The parasite develops in the gut by means of

sexual conjugation, and later migrates to the salivary glands, ready

for infecting the next victim. This life cycìe is illustrated in ':

figure Vll-1.

Ariti-malarial drugs differ with regard to their selectivity

for different parts of the I ife cycle. Quinine, chloroquine and
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\
VECTOR

Anopheles mosquito
(Sporogony)

Gametes

Sporozoites

Liver

Red cells

EXO-ERYTHROCYTIC

PHASE

Schizonts
Merozoites

ERYTHROCYT¡C PHASE

Figure VII-1. Life cycle of the malaria paras'ite. 0nly the female
anopheles mosquìt'o transmits malaria, because it requires a blood meal
for its eggs to deveìop.

t
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mefloquine act most effectively on the schizont stage in the bìood;

they are therefore excellent for the suppression of cl inical symptoms.

0thers such as primaquÌne, are gametocidal. Sti I I others, ê.9.

pyrimethamine (Chapter Vl I l) prevent sPorogony and multipl ication

within the mosquito. ln the relapsing malarias, where a pool of

parasites pers¡sts in the I iver, tìssue schîzonticides such as

primaquine, are requi red to el iminate the dÎsease and prevent

recrudescence.

Quinine , ,

For three hundred years, from ¡ts discovery by Jesuits in the

seventeenth century until the second world war, quinine was the

only drug available for the chemotherapy of malaria. ¡t v',as

repìaced by synthetic anti-malaria drugs unti ì recent years, when

the emergence of drug resistant strains required the re-introduction

of quinine.

Quinine is a quinol ine methanol, the chemical structure of

which is ilìustrated in figure Vll-2. lt is the best absorbed of

the four principal alkaloids of conchona bark. lt can reach

blood leveìs of l-1O¡rg/ml within l-3 hours of ingestion. lt appears

to act by forming a hydrogen-bond complex with double standard DNA.

This prevents DNA repì ication, RNA transcription and protein

synthesis. Besides this, it also interferes with many enzyme

systems. lt is a blood schizonticide now used mainly in the

treatment of chloroquine-resistant falciparum malaria. Side-effects
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include cinchonÎsm, which is a broadly descriptive term to cover

symptoms of flushing, sweating, tinnitus, blurred vision, dizziness,

nausea, vomiting and dÌarrhoea. More severe poisoning produces

urticaria,.deafness, bl ¡ndness, coma, abdominal pain, and cardiac

arrhythmias. Other side effects include haemolysis, leucopenia,

thrombocytopenia and Blackwater fever.

Mefloquine

This is a newly synthesized methanol quinoline (þoberstyn et al,

1979). Early c,l inical trials indicate that it is effective as a

suppressant of both falciparum and vivax Ìnfections. lt is a good

substitute for quinine or pyrimethamine-suìphadoxine in chìoroquine-

res i stant malaria. I t appears to be a safe drug, wi th

gastrointestînal upset as the main side-effect. lt is weìl

absorbed oral ly, producing blood levels of I-lO¡rg/nrl within 4 hours

after oral administration. lt has a prolonged nretabolic lralf-l ife.

Chloroquine

This drug was first synthesized in Germany in 1931+, and

rediscovered in the United States in ì944. I ts chemical structure,

a A-aminoquinoì ine, is i I lustrated in figure Vll-2. The disulphate

salt is a coìourless, dimorphic crystal I ine powder with a bitter

taste. lt is very soluble in water especial ly at acid pH. lt

acts by forming a complex w¡th DNA to bìock DNA and RNA synthesis.

It is well absorbed, reaching blood ìevels of l-lOug/mì within
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l-2 hours. The hatf-l ife is around five days, with a high

concentration of the drug within the tissues. Chloroquine is an

excellent drug for chemosuppression and chemoprophylaxis of

malaria. lt has occasíonal uses in amoebiasis, lupus erythematosus

and rheumatoid arthritis. The side-effects include anorexia,

vomiting, diarrhoea, headache, vertigo and blurring of vision.

Alopecia, pruritus and exfol iative dermatitis are occasional ly seen.

Central nervous system complÎcatÎons include psychosis and

peripheral neuropathy; its passage through the placenta has

caused mental retardation and congenital deafness. By far the

most serious compl ication of chloroquine usage is i rreversible

retinopathy.

Prinraquine

Primaquine is an B-aminoquinoì ine synthesized for the treatment

of maìaria after the loss of the cinchona crop in Java during the

second world war. lt is an orange-red crystalline powder. lt

is well absorbed from the intestine, with blood levels in the region

of l-lOug/ml by 6 hours. The active metabol i tes are quinol ine-

quinone derivatives which are powerful oxidants. Tissue schizonts

are very sensitive to oxidative damage, whereas erythrocytic stages

of malaria are quite resistant. This is the most valuable property

of primaquÌne, in that no other drug can produce a radical cure in

vivax malaria.
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¡ N.V I TRO STUD I ES

Qu in iE

The viability of cultures remained at 95% or greater. Quinine,

at the concentrations used in these experiments, was not toxic to

lymphocytes. However, marked suppression of lymphocyte transformatìon

by quinine was observed (thong and Ferrante, l97Bb). This inhibitory

effect was found to be dose-dependent (ta¡le Vl l-l). There was a

greater inhibitory effect on PHA-stimulated cultures than on Pl.lM-

stimulated cultures (p<0.0,l) at al I concentrations of quinine used.

The inhibitiory effects of quinine were shown to be reversible

by washing (taUle Vl l-2), suggesting that quinine does not bind

irreversibìy to receptors in lymphocytes. lt was also found that

the inhibitory effects of quinine remained quite substantÎal even

when the drug was added at ìB or 42 hours after the start of

experiments (f¡Sure Vl I -3) .

Primaquine

Prel iminary studies showed that lymphocyte viabi I ity, as assessed

by trypan blue dye exclusion, was not affected by primaquine in the

concentrations used in these experiments for as long as 4 days in

culture (thong, Ferrante and Rowan-Kelly, l97B). However, pronounced

inhibition of lymphoproì iferative responses by Primaquine was

observed. This suppressive effect was dose-dependent (table Vl l-3).

Some characteristics of this inhibitiory effect have been

defined. The inhibitory effect of primaquine could be substantial ly
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Table Vl l-1. Effect of varying concentrations of quinine on

mi togen- induced lymphocyte Prol i ferative responses.

Quinine
concentration
(us/ml )

%t
+ S.Danme(

nhibition:t
. of 6 experiments)

I

PHA:
¿

PWM+

0

5

0 0

2\.0 + 6.6 2.7 + 6.0

41.8 + 9.8 17.4 + ll.5

5t.4 + il.g 29.7 + 13.1l0

¡ oÁ inhibition = cpm untreated.- cpm.treated
cpm untreated

+ PHA, phytohemêgglutinin

+ Pu/M, pokeweed mitogen

x 100
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Table VII-2. Reversibil ity of inhibition of mjtogen-induced 'lymphocyte

proìiferation by quinine.

Phytohemaggì uti ni n

Treatment cpm 3H-thymidine
uptake*

ol
to

i nhi bi tion

Quinine (10ug/ml )

Unwas hed
Washed

Untreated control

10,631 t 2,76I
19.046 t 5,220

23,100 t 5,026

¿
54.0'
17 .5+

Control

Pokeweed mitogen

Treatment cpm .3H=thymidi ne
u pta ke*

ol
lo

inhibition

Quinine (l0ug/ml )

Unwas hed
Washed

Untreated control

4,433 t !,266
8,544 t 526

7,4?6 t I,7I4

40

Control

si

* Results expressed as mean t S.D. of triplicate samples. S'imjlar results
urere obtained in two other experiments us'ing lymphocytes from different

- donors.
] S'ign'ificant inhibition compared to control (p<0.001).
I státistically not signìficant compared to control (p'0.05).



30,000

10,000

- 133

THE lMMUNOPHARMACOLOGY OF ANTIMICROBIAL DRUGS

PHÀ

4,000

0

0e0406080

l¿,000

PWM

0¿0A0ó0
Tllli (hortr)

E
TI

6)È
.d

-â-:
.J

,-oo-Þo
L'
.ç
ú
-a,
F

I

.l)

000e0,

-d
?.,

E
ô,t-(l'
t-oè-
t-o
<-t

.ç
aJ.
-15
l-

I
-J-

(()

0

80

TlMt (hor")

Figure ViI-3. Effect of inmediate and delayed addition of quinine
(10ug/mt ) on mi togen-induced lymphocyt. p.oi iferative responses. Eachpoint and bar represents mean i S.D. of lriplicate sampìes. The banded
area represents 2 S.D. of control lymphocytes.
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reversed by washing. For these experiments, lymphocytes were

pre-incubated with l0ug/ml of primaquine for one hour, and then

washed three times in medium before culture with mitogens. There

was 54.2 + g.B'/" (mean a S.D. of tripl icate cuìtures) inhibition of

3H-thytidine incorporation in PHA-stimulated unwashed cul tures

compared to 5.3 + lo.2% in washed cultures. The corresponding

vaìues for Pl,lM-stimulated cultures was 51.2 + 5.3% and 17.2 + 8.52,

respectively (tabìe vl l-4).

There h,as a substantial decl ine in the inhibitory capacity of

primaquine when lhe drug was added at 4, 24 and 48 hours after the

start of experiments (taUle Vl I -5) .

Mefloquine

The results of in-vitro experiments are presented in table Vl l-6.

At the mefloquine concentration of ìus/ml, there was inhibition of

3H-thymidine uptakes of lO.jfu, lB.2% and 36.1+% in cultures stimulated

by PHA, P\^/M and E. col i I ipopolysaccharide (fpS), respectively.

The marked suppression of lymphocyte transformation in cultures

containing 4ug/ml mefloquine was due to drug toxicity : cell viability

was less than ì5% as assessed by trypan blue exclusion. ln contrast'

human lymphocytes were more resistant to mefloquine; cel I viabi I ity

remained at 50% at 4us/ml (taule Vll-7) (thong et al, 1979).
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iilffi,Xlå;?;..511î:'.:lJlil¡is io""ntrations or primaquine on

Primaqui ne
(us/m'l )

PHA
3H-thymìdi n'e uptake

( cpm)

PI,lM
3H-thymidine uptake

(cpm)

0

I

4

10

35,449 t 2,465

28,370 t 4,658 (20.0)*

18,207 t 3,047 (4e.7¡"*

11,570 t 5,498 (67.4)**

13,544 t 5,389

[0,519 t 3,828 (?2.4)

6,585 t 2,865 ( 51 .4 )*

3,495 t !,432 (74.4+

The results represent mean t S.D. of 5 experiments using 5 donors. Values
in parenthesis denote percentage inhibition.* p <0 .05 . ** p .0.001 . t p.0 .01 .

,
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Table VII-4. Reversibil ity of inhibition of mitogen-induced 'lymphocyte
proìiferation by primaquinê.

Prima uine treatment
10ug/ml )

% i nh'ibi tion (mean t S . D. )of rH-thymidine uptake

PHA Pl^lM

q
(

l^lashed cu'ltures

Unwashed cu]tures

5.3 t 10.2

54.2 t 9.8

77 .5 t 8.2

51.2 t 5.3

,
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Table VII-5. Effect of inrnediate and delayed addition of primaquíne
(1Oug/ml ) on mitogen-induced lymphocyte próliferative respbnses.

Time of addi tion of
primaquine (hr)

PHA
:U-th¡rmi di ne uptake

(cpm)

Pl,^lM
3H-thymidine uptake

(cpm)

0

4

24

48

Untreated control

15,571 t 4,517 (60.8)

2l ,97 4 t 240 (44 .7 )
33,568 t 996 (15.4)

39,646 r 1,874 (0)

39,67 1 r 1,668

6,419 t L,042 (i5.8)
7,050 t 1,069 (73.1)

22,394 t ?,348 (14.4)

27,1I0 t 3,575 (0)

26,16I t 1,166

The results represent mean t S.D. of tr.ipìicate samples.
Values in parenthesis denote percentage .inhibition.
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Table VII-6. Effect of mefJoquine on mitogen-induced lymphocyte
proliferative responses in mice.

Mefìoquine
(ug/m'l) PHA

cpm 3H-thymid'i ne uptake*
Pl^IM LPS

Cel T

ViabÍ I i ty

0

I

4

56,428 r 18,335

50,301 t 77,002
(10o.e)

5,826 t 9,127
( Be.7)

17,560 t 7,590

14,367 t 7,019
( 18.2 )

1,390 t 1,835
(e2.1)

9,672 t 6,266

6,734 x 4,9L2
( 36.4 )

656 t 410
(e3.2 )

>95%

>85%

<75%

* Expressed as mean t S.D. of 7 experiments.
Nume¡:a¿ls in parenthesis indicate percent inhibition.

t
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Table VII-7. Effect of mefloquine on mítogen-induced human ìymphocyte
proì i ferati ve responses .

Mefìoquine
(uglml )

cpm 3H-thymÍdine uptake*
PHA Pl^lM

Cel I
V'iabiìity

0

I

235
)

4

61,230 x 25,453

43,602 t 13,950
(27 .e)

25,777 t 9,610

20,957 t 7 ,3L6
( 18. s)

230 t 67
(ee. 1)

>95%

>95%

>50y.431 t
(ee.3

* Expressed as mean +

Numenals in parenthesi
S.D
si

. of 3. Þxperinrents using lymphocytes from 3donors.
nd i cate percent i nh'i bi ti on .
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IN-VIVO STUDIES

The dosages of antimaìarial drugs used in these experiments

were previously shown by Peters (1975) to be effective for

successful treatment of immune ma I ar i a wi thout toxi c man i festat ions.

Mefloquine

LACA mice receiving l0 mglkg x 6 days mefloquine showed

diminished antibody titres to SRBC compared to controls (taUle Vl l-8).

Mice receiving half this dose of mefloquine aìso showed lower levels

of anti-SRBC ant'ibody, but this difference was not statistically

significant. The DTH responses to SRBC were not affected by

mefloquine in either single or mult¡pìe dose regimens (ta¡le Vl l-9).

Although slight inhibition of DTH responses was observed in the

treated groups, th¡s did not approach statistical significance.

Higher doses could not be administered because of death from toxicity

(thons et al , 1979).

Compariscn between mefloquine, chloroquine, primaquine and quinine

The effects of these major anti-malaria drugs on in-vivo immune

responses were compared in syngeneic BALB/c mice. The dosage of

8.5 n\/kg/day is that required by mefloquine to cure 90% of mice

infected with malaria (Peters, 1975). This dosage is in excess of

that required for chloroquine (3.3 ns/Uglday), and primaquine

(3.4 mglkg/day), but wel ì below that required for quinine (87 ns/ks/

day). The results showed that at the dosage of 8.5 ng/kg/day, none
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Table VII-8. Antibody responses to sheep red blood cells in mice treatedwith mefloquine.

Mefl oquÍ ne*
Daììy dose Total dose

Anti -SRBC
1og2 titre+ p val ue

>0.05

<0. 02

Niì

5 mg/kg

10 mglkg

0

30 mg/kg

60 mg/kg

9.0 t 0.6

7.4 t 7.6

7.6 t 0.8

* Mefloquine was administered by inlfpperttoneal-injection oRe day before,:llil 4 davs after inmunizariõn wirh'+ x röã-sRBC siven via rhe tair,- V€lll.' Expressed as mean t S.D. of 5-6 rnice per experimentar group.

t
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Table VII-9. Delayed-type hypersensitivity responses to sheep red bjood
cel I s i n mi ce treated wi th mef 'loqui ne.

Mefl oqu i ne
Dos i ng

Schedul e *
Totaì dose

(mglkg )
Footpad thíckness

(% increase)+

Nit
Day -1

"0
"+1
" -1to+4
" 0to+4
" +1to+4

0

t0
10

10

60

50

40

25.4

24.8

20.4

2r.5
19. 5

2I.9
17.5

8.4
10.7

8.3

9.2

11.9

7.4

10.0

+

+

+

+

+

+

+

* Mefloquine was administered as a daiìy íntraperÍtoneaì 'injectìon on thedays indicated. At day 0, the mice wäre inmunized with t-x-ioé snaC- 
-

subcutaneousìy. Footpad challenge vras performed on day 5 and read at
day 6.

+ Expressed as mean + S.D. of 10 mice per experimental group.
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Table VII-10. Effect of antimalarial drugs on antibody and delayed-type
hypersensitivjty responses in rnice.

Trea tment Antibody to SRBC
(logz mean + S.E.)

DTH
(% increase t S.Þ.)

Control

Chl oroquí ne

Primaquine

Mefl oqui ne

Qui ni ne

10.1 t
10.7 t
10.3 t
9.9 ¡

10.1 t

0.5

0.5

0.5

0.5

0.5

46.5 1 11.3

42.9 t 9.5
51.2 t 13.7

46.9 r 10.8

44.9 t I2.4

There were 6 mice in each group. Each mouse received 8.
i.p. injectìon of either chìoroquìne, primaquìne, mefloq
to day 5 (6 doses), vrhiie controls received an equa'ì vol
(0.Zmg) onìy. l'1ice were e j ther prìmed at day 0 yrith 1 x
and bled at day 6 for ant'ibody studies, or primed with 1

at day 0, challenged with 1 x 108 SRBC'in the footpad at
measured at day 6 for DTH studies.

5 
^g/kg/day 

by
uj ne fronr day 0
ume of sal ine

10e sRBC i.v.
x 1oB SRBC s.c.
day 5, and
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Tabl e vI I -11. Effect of. therapeutic doses of qui ni ne on anti bcrdy anddeìayed-type hypersensitìvity responses in mice.

Antibody to SRBC
(logz mean + S.E.)

Trea tmen t

Controì

Quinine

9.5 t 0.?

*L0.2 t 0.2

DTH
(% Íncrease tS. E. )

52.7 ! 3.3

*53.1 t 3.1

*p > 0.05.

There were 10 mice.per-group. Each mouse received.gT ng/kg/day by i.p.inject'ion of quin'ine_ fFom day 0 to day-ã (+-Jorã, ) , *¡,iiä"font.ol,
f.cgived an equal vo'lume of iar ine (0'.2n1) oÀìy. For antibody and DTHtesting, see text and footnotes of tablu útt_tO.
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of these drugs have an effect on antibody and DTH responses to SRBC

in mice (table vll-10).

ln the next set of experiments, the effect of therapeutic doses

of quinine (87 mg/kg/day) was examined. The results showed that at

this dosage, there was no signlficant suppression of DTH, nor was

there suppression of antibody responses (table Vl l-l I ) (Thong,

Ferrante and Secker, l9B0b).

CONCLUS I ONS

Now that the W.H.0. Malaria Eradication Programme, based on

vector control, has fai led, the antimalarials are once again the

principal meðns of keeping the disease in check. This situation

has become more precarious with the emergence of chloroquine

resistant strains. Much more information is therefore reqtti red

about these drugs and how they work, and more work needs to be

done to develop better drugs for prevention and treatment of

malaria.

It is therefore quite heartening to note that although the

antimalarials havepotent in-vitro effects on lymphocyte

transformation, they do not appear to suppress immunity in mice

t¡'eated with the usual doses needed for adequate treatment of

malaria (Peters, 1975). The cl inical experience supports

this conclusion to some extent, because in practice, antimalarials
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are usually curative and do not appear to cause a Prolongation of

infection. However this appl ies to the usual short course of

treatment for cl inical malaria, and no exPerimental or cl inical

observations have been made about their long term use for

prophylaxis in malaria..
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I NTRODUCT I ON

ln 1946, proguani I was developed by BritÌsh scientists for the

treatment of malaria. Two years later, pyrimethamine was introduced

(Falco et al, l95l). Another 2,4-diaminopyrimidine, trimethoprim,

was used as an antibacterial agent, untiì the emergence of drug-

resistant strains of falciparum malaria stimuìated the search for

effective alternatives. This led to the discovery of synergism

between 2,\-diaminopyrimidines and sulphonamides. The combination

of pyrimethamine and sulphadoxine (Zsng: 500mg), known as Fansidar,

has proven to be'useful in the chemoprophylaxis and chemosuppression

of malaria. The combination of 25 mg pyrimethamine and I gm

trisulphapyrimidine is usefuì for toxoplasmosis. The combination

of trimethoprim and sulphamethoxazole (BOmg : 4OOmg), known as

Bactrim or Septrin, is a usefuì, broad spectrun¡ antibacteriaì agent.

The choice of the particuìar sulphonamide analogue in these conlbinêtions

depends on the compatibil¡ty of their respective pharmacokinetic

properties. The combination of 2,\'diaminopyrimidines and

sulphonarnides results in the double blockade of foì ic acid synthesis

at two poînts along the metabol ic pathway. ft'te 2,4-diaminopyrimdines

are slq.úly absorbed from the gastrointestinal tract, producing blood

levels of up to 3Ug/m1,3-7 hours after an oral dose. Significant

quantities are still present in the tissues nine days after a single

dose. Pyrimethamine is better tolerated than trirnethoprim. Large

doses over long periods can give rise to folic acicl deficiency.
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Trimethoprim can produce mêrrow suppression.

formulae are shown in Fig. Vl I 1-1.

Thei r structural

I N-V I TRO STUD I ES

The inhibition of fol ic acid metabol ism with these drugs results

in a decrease in production of DNA precursors such as thymine. Hence,

the addition of thymidine to lymphocyte cultures lacking in this

precursor vrould result in an increased rate of thymidine incorporation

into lymphocyte DNA. lt has been shown for methotrexate' a potent

inhibitor of folic acid synthesis, that such cultures have a small

increase in thymidine uptake. Therefore, the resul ts of in-vi tro

experiments wi th pyrimethamine and trimethoprim must be interpreted

according to these considerations. It can be seen from table Vl I l-l

that trimethoprim did not have any cffects on 3H-thymidine Încorporation

into lymphocyte cultures. ln contrast, pyrimethamine caused a

striking increase of 3H-thymidine incorporation in both PHA-stimulated

and P\^lM-stimulated cultures. Even cultures without mitogens showed a

significant increase above basel ine. lt is unl ikely that such a

large increase of 3H-thymidine uptake can be the result of precursor

deprivation, because nethotrexate, a much more potent inhibitor of

fol ic acid synthesis produces only a sl ight increase in 3H-thymidine

uptake. Pyrimethamine may in fact produce an actual increase in the

number of lymphoblasts; in paraì lel exPeriments, the blastogenic

index for PHA-stimulated cul tures containing lug/mì of pyrimethamine

was 25.0 compared to 20.0 in PHA-stimulated cultures without

pyrimethamine. I t is therefore concluded that pyrimethamine may
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Table vIII-1. Comparison between the effects of trimethoprim and
pyrimethamine on mi togen-induced ìymphocyte transformation.

Drug concentration
(ug/ml ) No mitogen

¡H-thymidine uptake
PHA PI,lM

No dr ug

Pyrimethami ne
I
4

Trimethoprim
1

4
10

839 t 161 25,967 t 7,940
Ix 2,86220,638

2t
4t
4t-

5t9
6t1
1rl

9rl
9 t2
2tI

7xl
l17
7xl

ltz
Br4
3t4

I,896 r
2,053 t
I,852 t10

204*
I 54*
I 54*

64 ,80
56,49
52,49

,9 50**
,6 I 1**
,84B*

48,45
47 ,44
39,57

,708*'
,7 45*
0,451*

72
76
62

72
40
77

77
,09 3
,486

20 ,00
20,I2
26,60

19,53
18 ,74
16,?4

1 ,951
799
510

Resu'lts represent mean t s.D. of tripìicate curtures.* p.0.02. ** p.0.0C1.
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have a potentiating effect on mitogen-induced iymphocyte tianSformation.

Effect of varvinq concentrations of pyrimethamine.

A dose-response curve employing a wide range ol= pyrimethamine

concentrations is presented in figure Vl I l-2. lt can be seen that

optimal concentrations of pyrimethamine are in the l-lOug./ml range

for PHA as well as PWM-stimulated cultures. Trypan blue exclusion

tests showed that cel I viabi I ity remained at 95% for concentrations

of up to 2ipg/nl, but decreased to 50% for 50ug/mì onward.

Effect of py rimethamine on varying concentrations of mitogens

I n experiments where di fferent di ì utions of mi togen were employed

(f¡gure Vlll-3), it can be seen that pyrimethamine at a fixed

concentration of lOug/ml potentiated lymphoprol i ferative responses at

both sub-optimal and greater than optimal mitogen concentration.

Effect of pyrimethamine at various days in culture.

ln experiments where optimal concentrations of mitogen were

empìoyed (figure Vlll-4), it can be observed that pyrimethamine at

a fixed concentration of lOug/ml produced enhancement of ìympho-

proliferative responses from the third to the seventh day of culture

in PHA cultures, and the third to the fourth day of culture of

P\./M cul tures.
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Figure VIII-2. Effect of pyrímetham'ine on PHA-stimulated (square s¡mrbols)
and PHM-stimulated cultures (circìe symbols) after 3 days incubation.
cultures wjth pyrimethamine: closed symboìs. cultures without
pyrimetham'ine: open symboìs. Results are expressed as mean of tripìicate
sampìes. The S.E. d'id not exceed tS?i.
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Effect of immediate and delayed addi tion of pyrimethamine

some of the characteristics of the potentiating effect of

pyrimethamine on lymphoprol i ferative responses have been defined.

Delayed addition of pyrimethamine, even uP to 48 hours of culture,

resul ted in greater enhancement (taUle Vl I l-2) .

Reversibilitv of pvrimethamine-induced enhancement of lymphocyte

transformat¡on.

The potentiating effect of pyrimethamine was also found to be

compleltely reve,rsible by washing (taUle Vlll-3), which indicates

that the drug does not bind tightly to cell recePtors.

I N.VI VO STUDI ES

The usual dosage of pyrimethamine for mice is 0.5 ng/kg (Peters,

l9lil but it is a drug with very low toxicity (Goodman and Gilman,

lg7Ð so that the higher doses chosen for these experiments were well-

tolerated (thong and Ferrante, l9BOb).

Effect of different treatment schedules on DTH.

The results of single dose and multiple dai ly doses of

pyrimethamine on the DTH response to SRBC in BALB/c mice are

presented in table Vlll-4. At the dose of 2.5 ng/k¡lday, no effect

on DTH was observed. ln contrast, a single injectÌon of 5 mg/kg on

the day of priming with SRBC (day 0) resulted in marked enhancement
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Table VIII-2. EfFect of irru-nediate and de'layed addition of pyrimethamineon mitogen-induced human rymphocyte proìifeiative r.rpòniur'.

Time of addition
of pyrimethamÍne

( 10 uslmì )

PHA
cpm 3H-thymidine

uptake

Pl,lTl

cpm 3H-thymi di ne
upta ke

0

4 hrs

24 hrs

48 hrs

42,011 t 8,574
*64,386 t 9,259
*68,980 t 12,588

**79 ,910 t Z,lS4

34,360 t 2,975
32,853 t 5,080

37,579 t 2,674
*{1,526 t 2,7tl,4

None added 20,985 t l,ZZl 12,337 t l,IlZ

Results represent mean t
Cultures harvested after* p . 0.05.**p . o.oo1.

S.D. of tripìicate samples.
3 days incubation.
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Table VIII-3. Reversibility of pyrimethamjne-induced enhancement of
lymphocyte transformati on.

Treatment
(pyrimethami ne

lOug/ml )

PHA
sH-thymi d i ne

uptake

Pt,lM
3H-thymi d'irre

upta ke

Unwas hed

l^lashed

Untreated control

38,230 t 2,40I
20,278 t 7,924

19,674 t 1,938

27,748 x 2,578

8,136 t 946

8,400 t 1,166

Results represent mean t S.D. of trip'ìicate sampìes.
In these experiments, lymphocytes were'incubated in the presence of
pyrimethamine for t hour and then washed three times prior to culture
with mitogens for 3 days.

t



_ t59

THE I MMUNOPHARMACOLOGY OF ANT I MI CROB I AL DRUGS

Table VIII-4. Effect.of different pyrimethamine treatment schedules onDTH responses to SRBC in BALB/c micä.

Pyrimethami ne
treatment
schedul e

Nit

Day

5 mg/kg/day

Foot pa d
thickness

(% increase*S.E.)

2.5 ng/kglday
Footpad

thi ckness
(% increasets.r.)

Total
dosage
(mg/kg )

Tota'l
dosage
(mslks )

+1

-1 to +4

0to+4
+1 to +4

4

3.0

4.3
3.6*
4.4

3.4

2.L**
¿

4.1'
2.7**

t 3.7

t 2.4

t 3.4
+?Q

r 3.0

t 3.3
+2'l

t 2.7

0

5

5

5

30

25

20

5

37 .t
43.2

66. 1

37.9

42.6

46.3

57.r
50. 1

2.5

15.0

12.5

10.0

2.5

40.7

37 .4

4T.I
36.6

39 .6

44.8

40.6

41.0

t
+

+

+

+

+

+

+

0
-1

0
2.5

2.5
ll

il

lt

il

ll

lt

* p.0.001. ** p < 0.05. * p.0.01.

t
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of footpad response fronr 37.1% to 66.1% (p.0.C01). A similar dose

given one day before or one day after priming did not enhance DTH.

Multiple dai ly doses also sîgnificantly increased DTH resPonses'

but not to the same extent as a singìe dose on the day of priming.

Effect of pyrimethamine on anti-SRBC antibody.

For these experiments, BALB/c mice were divided into four

groups. The first three groups received a single dose of either

2.J ng/kg, 5 nglkg or l5 mglkg pyrimethamine i.p. while the fourth

group (controìs) received steri ìe sal ine only. These mice were

immediately pr¡med with I x ìdSnAC intravenousìy, and bled on day

6 tor the determination of haemaggìutinating antibody t¡tre to SRBC.

The results (taUle Vlll-5) showed that ant¡-SRBC antìbody was

significantly enhanced by pyrimethamine. The log mean titre was

ì l.l, 12,2 and 13.0 in mice receiving 2.5 nS/kS, 5 mg/kg and l5 mglkg

pyrimethamine respectively, compared to .l0.7 in controls.

Effect of varyinq doses on DTH in C57Bìl6J mice

C57B/6J mice were used in the next set of experiments in order to

determine whether the immunopotentiation of DTH by pyrimethamine

is reproducible in another strain of mice. The resuìts (taUle Vl I l-6)

showed that enhancement of DTH also occurred after a single dose of

pyrimethamine given on the day of priming with SRBC. For this

strain of mice, enhancement of DTH was evident with the pyrimethamine

dosage of 2.5 mg/kg, which was not seen with BALB/c nice.
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Effect of pyrimethamine on anti-SRBC antibody titres inTable VIII-5.
BALB/c mice.

PyrÍmethami ne
dosage*
(mg/kg )

Haemagg'lutì nati ng
ti tre

(logz meantS,E. )**
'p
val ue

0

2.5

5.0

15.0

10.7 t 0.2

11. 1 t 0.3

72.2 t 0.3

13.0 t 0.1

<0 .01

<0.001

<0.00 1

* Given i.p. as a single injection on the day of priming with SRBC.** There were 9-10 mice per experimental group.
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Table VIII-6. Effect of pyrimethamine on DTH response in C5781/6J mice.

Pyrimethami ne
dosage*
(ms/kg )

% increase
in footpad
ti cknes s

(meantS. E. )**

p

val ue

0

2.5

5.0

15.0

6L.2 x 2.3

81.9 t 5.1

76.2 t 2.5

75.6 t 5.7

<0 .01

<0 .01

<0.05

* Given i.p. as a single dose on the day of priming with SRBC.** There vrere l2-I3 mice per experimental group.
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Effect of py r iLre thamine on DTH in tumou r -bearinq mice.

Fortheseexperiments,CsTBt16¡miceweredividedintofour

groups.. Groups one and two received saline injections i'p' while

groups three and four received 5 x lo5 816 meìanoma cells. seven

days later, all four grouPs were Primed with I x l08 sngc

subcutaneously; at the same time, groups two and four receïved

pyrimethamine (5 mg/kg) i'p' while grouPs three and four

received steri ìe sal ine. Al I four groups urere chal lenged wi th

I x l08 SRBC in the footpad ! days after priming, and measured for

DTH response the, next daY.

The results (ta¡le Vllt-7) showed a significant impairment of

DTH response in tumour-bearing mice (group 3) compared to control

(groupl):increaseinfootpadthicknesswas\6'5%intumour-

bearing mice compared to 62.8% in controìs (p<0.01). The resuìts

also confirmed previous studies that a single 5 ng/kg dose of

pyrinrethamine enhances DTH: Pyrimethamine-treated mice (group 2)

showed BB.BZ increase in footpad th¡ckness compared to 62'l% in

control, (p.0. O0l ) . 0f even greater i nterest i s the observation

that tumour-bearing mice treated with a single 5 mg/kg dose of

pyrimethamine showed an increased of DTH to 77.\% (group 4)

compared to only 46.5% in non-treated tumour-bearing mice (group 3)

(p.0.001), an¿ 6z.l% in control mice (9roup l) (p<0.05). These

results suggest that pyrîmethamine is an effective potentiatoI of

DTH in tumour-bearing mice, even when DTH is already suppressed by

the tumour.
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Table vIII:7. Effect of pyrimethamine on DTH response in c57Bl/6J
tumour-bearing mice.

Experimental
groups*

% increase
in footpad
th i cknes s

(meantS.E.)**

P.
val ue

(compared to
control group)

I

2

3

4

Control

Pyrimethamine

Tumour-beari ng

Tumour and
pyrimethami ne

62.8 + 4.0

88.8 t 4. 5

46.5 t 3. 3

77 .4 t 4.3

<0.001

<0 .01

<0 .05

* Groups 2 qld 4_were g'iven a siggle dose of pyrimethamÍne (5 mglkg)
!.p. immedjate'ly after priming with I x 10! SRgc subcutaneousiv.-
Groups 3 and 4 were incoluated with 5 x 10s 816 melanoma cells 7 daysprior to priming with SRBC.

** There were 12-13 mice per experimental group.

't)
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CONCLUS I ONS

Although much is known about purine and pyrimidine metabol ism

in mammal ian cel ls, the regulation and interaction of these two

pathways of nucìeotide biosynthesis and degradatÌon is not well

understood (C¡ba Foundation Symposium, 1977). An impetus to

research in this area was provided by the discovery of immuno-

deficiency syndromes associated with disorders of purine metabol ism

(C¡¡tett et al, 1972; 1975). lt appears that the functional

integrity of purine metabol ic pathways has a central role in

maintenance of normal immunological responses. The precise role

remains unclear, although toxic accumulation of metabol ites such

as adenosine and inosine can account for the depressed immunologicaì

responses of pat¡ents with adenine deaminase or purine nucleoside

phosphoryìase deficiency. 0ther mechanisms are possible, since

these nucìeotides are important precurosrs of not only nucleic acid

synthesis, but also cycì ic AMP and cycì ic GMP synthesis, important

regul ators of cel I ul ar metabol i sm.

How pyrimethamine fits into al I this is difficult to conjecture.

The major mechanism for its antimicrobial activity is believed to be

inhibition of foì ic acid synthesis (Goodman and Gi lman, 1975). This

in turn reduces the amount of purines and pyrimidines available to

the cell for nucleic acid synthesis. Anti-foìates such as

methotrexate and trimethoprim are thought to produce immunosuppression

in this manner, yet pyrimethamine, an analogue of trimethoprim,

enhances rather than suppresses immurrological responses.
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That pyrimethamine acts by inactivating suppressor cel ls and

therefore indirectly enhances antibody and DTH responses is one

possible explanation. Another hypothesis, which also seems

plausìble, is based on the structural formula of pyrimethamine.

As a diaminopyrimidine, ¡t m¡ght interfere with pyrimidines in the

cell by substrate competition, which in turn upsets the balance of

purine and pyrîmidine biosynthesis and bÌodegradation, and ultimateìy

influences cel lular proì iferation.

It is possible to construct other elaborate hypotheses' but

further studies êre necessary to establ ish the precise mechanism

of imrnunopotentiation. Be that as it may, the results of the

present studies suggest that pyrimethamine may be a vaìuable drug

for immunopotentiation. ln this regard, it appears to be superior

to levamisole, which is only effective ìn si tuations where immune

responses are depressed. ln fact, the status of levamisole as an

immunopotentiator remains unclear (W¡tloughby and VJood, 1977).

However, cautíon must be exercised in the direct applicatÎon of

animal data to the cl inical si tuation. Preferably, much more

should be understood about the immunopharmacoìogy of pyrimethamine

before cl ìnicaì trials are embarked upon.
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I NTRODUCT I ON

ln this chapter, an attempt will be made to assess the validity

of the data presented in the previous chapters, to discuss the

biological and cl inical significance of the findings, and to

indicate worthwhi le areas for future research. ln order to bring

thîs subject matter into perspective, some information on the

extent of antimicrobial drug usage, and the magnitude of the

problems of inappropriate usage wi ll be first examined.

USE AND ABUSE OF ANI'IMICROBIAL DRUGS

Much more is known about prescriptive practïce with antibÌotics

than w¡th antimicrobial drugs as a whole. Although the information

is nrâinly derived f rom American experience, it would be fair to

assume that similar trends exist in other developed countries, and

the urban areas of many of the developing nations.

It has been estimated that antibiotics account for up to 20% of

prescriptions in general practice. I t is in fact the most commonly

prescribed class of drugs. Several factors suggest that most of

these prescriptions are not real ly indicated. A culture is not

usually talcen. lt is sometimes done by telephone. lt is sometimes

prescribed for a viraì ¡llness, andl even for the common cold

(Simmons and Stol ley , l97l+). ln hospital practice, it has been

found that up to 60?. of patients treated with antibiotics have no
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ev¡dence of infection. ln many instances, esPecial ly in surgical

v\,ards, antibiotics are prescribed for prophylactic purposes in

rout¡ne fashion with dubious benefits. ln the United States alone,

a total of 16.9 million pounds of antibiotics were produced in 1970;

of this 9.6 million pounds were used on patients while 7.3 nillion

pounds were used in anìmal feed. Figures for l97l showed that

there were 3l million prescriptions for penicillins,23 million for

erythromycìns, 21.5 ni I I ion for ampici I I ins, 54 mi I I ion for

tetracyclines, and 33 million for other than the abot'e. Such

large quantities of drugs can constitute a pollution problem by its

presence in the environment, but the potential hazards can be

greater than those of improper disposal of chemical wastes (Dunea,

1979) because these drugs are del iberately adminîstered to mil I ions

of people around the world. Evidence wiìl be provided in the next

section for the mutagenic and cancerogenic potential of antimicrobial

drugs, in addition to the wel l-recognised problems of toxic and

al lergic side-effects, induction of resistant strains, and promotion

of nosocomial infections, not to mention the financial burdens to

the community and the individual. Most of the discussion wi I I be

concerned with immunosuppressive side-effects, whiclr is the theme

of this thesis.
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ADVERSE EFFECTS OF ANTIMICROBIAL DRUGS

Toxic and aì lerqic side-effects

ln a J-year prospective study, Caldwell and Cluff (tgZt+) found

an overall incidence of 4.5% of adverse reactions to antimicrobial

drugs. The majority of patients who developed allergic or toxic

s i de-effects requ i red e i ther further treatment for the i atrogen i c

illness or an extension of hospital stay. Loss of life was rare

but nevertheless real.

lnduction of ant'ibiotic-resÌstant bacteria

It is bel ieved that el imination of drug-sensitive bacteria by

widespread use of antibiotics provîdes the opportunity for drug-

res i stant stra î ns to pers i st and spread. The mechan i sms of drug-

resistance have been discussed in Chapter l, but suffice it to say

that the recent emergence of penici I ì in-resistant Pneumococci

(Editorial, 1977) and ampici ì I in-resistant Haemophi lus influenzae

(Jacobsen et al, 1976) exemplifies this aspect of the problem.

Nocosomial infections

Pat i en ts admi tted to hosp i ta ì for whatever reason a re at r i sk

to infectious agents wi thin th hospi tal envi ronment. The selective

pressure of antibiotic usage within hospital general ly means that

these organisms are drug-resistant. lt also means that Gram-negative

intesti nal baci I I i , because of thei r propens i ty for transfer of
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res ¡ stance factors, are the predomi nant organ i sms, al though

penici I I inase producing staphylococcus aureus seems to be holding

i ts own.

lmmunosuppress ive s i de-effects

The immunosuppressive potential of antÌmicrobia'l drugs is of

some concern in certain cl inical s i tuations. Since antibiotics

are prescribed indiscriminately for viral infections, suppression

of immunity in cases where a virulent virus is responsible for the

infection can mean the difference between early and uneventful

recovery, or serious compl ications and even death. In old people,

pregnant women and infants, where there is physioìogical immuno-

incompetence, even a not-so-virulent virus can gain the upPer hand.

Malnourished individuals, or patients debi ì itated by serious

diseases, immunosuppressive or anti-cancer therapy, are frequently

invaded by opportunistic microogansims. Antimicrobial drugs by

themselves may not be effective under such circumstances because

some contribution by host immune responses is general ly requi red

for the complete el imination of infectious organisms. lmnìune

globul in injections and leukocyte transfusions can increase the

chance of survival. Also, the correct choice of antimicrobial

agent - one that the microorganisms is sens¡t¡ve to, and is without

immunosuppressive properties - can be critical for recovery.

Although these considerations are of obvious cl inical importance,

I ittle is known about the immunopharmacological properties of
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antim¡crobial drugs, and no mention has been made of this aspect of

antimicrobial chemotherapy in textbooks of pharamcology. There is

noh, accumulating evidence to suggest that at least some of the

ant¡mi crobial drugs possess immunosuppress ive properties.

I MMUNOPHARMACOLOGY OF ANTI MI CROB IAL DRUGS

During the preparation of this thesis, several reports on this

topic by other scientists have appeared in the I iterature. These

reports will be tliscussed in conjunction with data in this thesis

in order to provide a more comprehensive and balanced account of

current thinking on the subject. Also, it became quite obvious

earlier on in these studies that the results were important enough

to warrant early publ ication, so as to create ên a'/'rareness among

other physicians and stimulatc more rcsearch activity in this field.

Reìevance of in-vitro screening on situation in-vivo

The blastogenic response of lymphocytes in culture on exposure

to mitogens is generally regarded as an in-vitro correlate of immune

processes (t-ing and Kay, 1975). Soon after contact with mitogen,

a variety of biochemical events ensue which lead to biosynthesis of

protein, RNA and DNA. By the second day, lymphoblasts can be seen

in the cultures. Mitotic division results in clonal prol iferation;

ín this case many clones are formed because plant mitogens are

polycìonal stimulants. The lymphocytes differentiate into
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immunoglobul in-producing cel ls, T-k¡ I ler cel ls, T-helper cel ls,

T-suppressor cells, memory cells, etc. This sequence of events is

general ìy quantitated by 3H-thymidine uptake, a direct measure of

DNA synthesis, and quite indicative except for s¡tuations where

drugs such as antifolates may produce thymine deprivation and cause

spur¡ous increase in uptake of3H-thymicline. lt is always prudent

to double check by visual counting of ìymphoblasts in the cultures.

This assay enjoys widespread cl inical and exPerìmental usage

because of sensitivity and reproducibility, and with the introduction

of a semi-automated adaptation, there are added advantages of

simp| icity and convenience. lt ìs obviously not a test of phagocytic

function, and this aspect warrants further research because several

antimicrobial drugs appear to interfere with function of phagocytes

(Bjorksten et al, 1976; Thong and Ness, 1977). As a test of

specific immunity, it appears to be fairly sensitive. 0n the

basis of known mechani sms of action of antimicrobial drugs (Sanders

and Sanders, 1979), this assay conforms to predictÎons that drugs

acting on cel I wal ls wi I I have I ¡ ttle or no immunopharmacological

activity, lvhile drugs acting on cell membrane or nucleic acid

synthesis may have immunopharmacoìogical activity. Confirmation

of these results is provided by in-vivo tests, which show that nlost

of the drugs identified in-vitro have in-vivo activity (faUle lX-l).
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Table IX-1. Relevance of in-vitro tests to the in-vitro situation in
relation to immunopharmacologicaì properties of antjmicrobial drugs.

Ant'imicrobial
Drugs

Immunopharmacol ogi cal Acti vi tY
i n-vi tro i n-vi vo

Tetracycl ì nes

Mi conazol e

Amphoterici n B

Qui ni ne

Chl oroqui ne

Pri maquì ne

Qui nacri ne

Mefl oquì ne

Pentami di ne

Trimetoprìm

Pyrimethami ne

Ri f ampr'n

Chl oramphenìcol

Cl otri mazol e

N'i ri dazol e

Metroni dazol e

Fus i dic ac'id

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

(1)(2) Yes (1)

(1) Yes (1)

( 1) (3) Yes ( 1)

(a)(5) No (1)

(6) No (1)

No (1)

N.D.

Yes (1)

(

(

(

(

(

(

(1

1)

1)

1)

1)

1)

1)

)

N.D.

Yes(7) Yes (8

Yes

Yes

Y es

Yes

(1) Yes (1

(s) ( 10) Yes ( 1
( 13) N. D.

(3) N.D.

)(11)(12)

)

)

0

N.D.

N. D.

Yes (2)

'Yes 
( 14 )

Yes ( 15)

N. D.

1

2
3
4
5

This thesis
Forsgren and Banck, 1978.
Tarnvik and Ansehn, 1974,
Gold and Ben-Efrajm, 1978.
Gold et al, 1979.
Hurv'i tz and Hi rschhorn , 1968.
Gayìarde and Sarkany, 1972.
Ghilchik et al, i970.

Njlsson, I97I.
Grassi and Pozzì, 1972.
Dajani et al , 1973.
Serrou et al , 1972.
DaMert and Sohn.le, 1979 .

Mahnroud et al , 1975.
Grove et al , !977.
= not done.

)
0
1

2

3

4
5

D

9
I
I
1

1

1

1

N

)
)
)
)
)(6

(7)
(8)
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The peni ci I I i ns and cephalospor i ns

Penicilìin is the first antibiotic discovered, and remains the

most useful, especially now that broad-spectrum, acid-toìerant and

penici ì I inase-resistant analogues have been deveìoped. The

penici I I ins, and cephalosporins to a lesser extent, are non-toxic to

mammal ian cells even in high concentrations, and general ly safe

except for alìergic sîde-effects. They have no immunopharmacological

properties in-vitro. Simi lar findings were reported by Forsgren and

Banck (1978). ln-vivo studies have not been done.

The macrol ide antibiotics

These drugs inhibit protein synthesis in bacteria. They can

inhibit mitogen-induced lymphocyte transformation at high

concentrations of up to 50ug/ml (Forsgren and Banck, l97B), but

this level cannot be achieved i¡r serum by conventional dosage

schedules. Data from this thesis shows no in-vitro effect at the

real ist¡c concentration of lOUg/ml. ln-vitro studies have not

been done, but may be worthwhile pursuing.

Ch loramphen i col

This drug is also a protein synthesis ìnhibitor. Previous

studies (pisciotta et al , 1967; Becker et al , l97l+; Ugazio et al,

197\) have shown in-vitro effects at high concentrations only.

Cl inical ly achievable concentrations did not suppress mitogen-

induced lymphocyte transformation in this laboratory, but Damert
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and sohnle (1979) recently showed that specific antigen-induced

transformation was affected by low concentrations. I n-vivo studies

would seem worthwhi le.

Tetracycl ines

Resuìts from this laboratory showed that doxycylcine suppressed

mitogen-induced lymphocyte transformation at concentrations below

lQUg/ml, whereas Forsgren and Banck (lgZ8) showed suppression at

concentrations greater than lOpg/ml. This disparity may be due to

technical differences between laboratories, because in-vivo studies

confirmed the in-vitro findings of immunosuppression.

The am i nog I ycos i des

No effect on mitogen-induced lymphocyte transformation was

observed; s imi I ar f i nd i ngs were reported by others (Forsgren and

Banck, l97B). ln-vivo studies have not been done.

Mi scel I aneous ant imi crobials

The sulphonamides, polymyxins, and nitrofurantoin have no

effect on mi togen-induced lymphocyte transformation (Chapter I I I ).

Rifampin

This drug is the best documented as far as immunopharmacoìogical

properties are concerned. lt has both in-vitro (Ni ìsson, l97l;

Grassi and Pozzi, 1972) a,nd in-vivo (Grassi and Pozzi, 1972; Dajani

et al , 1973; Serron et al, 1972) immunopharmacologicaì activities.
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The imidazoles

Miconazole and Clotrimazoìe are promising drugs for treatment of

deep mycotic infections, mÌconazole being more promising. Results

from this Iaboratory indîcate that miconazoìe suppresses both

in-vitro and in-vivo immunological responses. Cìotrîmazole has

only been studied in-vitro (Tarnvik and Ansehn, 1974).

The nitroimidazoles

Mahmoud et al (lglS) fol ìowed up the cl inical observation that

ni ridazole reduced granuloma formation during treatment for

schistosomîasis, and found that it was a potent immunosuppressive

agent in animals. ln-vitro studies have not been done. A related

drug, metronidazole - used for the treatment of trichomoniasis and

amoebiasis - was also noted to be immunosuppressive in-vivo (Grove

et al , 1977).

Amphoterîcin B

Earl ier reports ( I shikawa et al , lg75; Blanke et al, 1977)

suggested that this antifungal drug is an immunoadjuvant when mice

are given a single injection. However, in the cl inical situation,

this drug is administered on a daiìy basis for days and sometimes

weeks. ln-vivo studies in this laboratory using a multiple dosage

schedule confi rm in-vitro findings that amphotericin B has potent

immunosuppt'ess i ve propert ies.
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The antimalarials

Chloroquine, primaquine, mefloquine and quinine lÀ,ere found to

suppress mitogen-induced lymphocyte transformation. Similar in-vitro

findings were reported by others for chloroquine (HurvÎtz and

Hirshhorn, 1968) and quinine (col¿ and Ben-Ef raírn, 1978 Gold et al,

1979). However, in-vivo studies in this laboratory showed no

effects on immunological responses. For these studies, mice were

treated with a short course of the drug only. lt is conceivable

that long term treatment with these drugs for chemoprophylaxis of

malaría may resu,lt in immunosuppression.

The d i ami nopyrimi di nes

A slight discrepancy exists for in-vi.tro effects of trimethoprirn.

No effect was found in this laboratory using lymphocytes from 2

donors, whereas Gaylarde and Sarkany (1972) found that some individuals

are more susceptible than others. One other study (Cn¡lchik et al,

1970) showed a prolongation of skin-graft survival in rats.

Pyrimethamine, on the other hand, was found to enhance 3H-thymidine

incorporation, and perhaps actual blastogenesis of lymphocytes.

ln any case, it appears to be a potent immunostimulant in-vÌvo.
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CONCLUS I ONS

Several drugs with immunopharmacoìogical propertïes have been

identífied from this general survey of commonly used or cl inical ly

important antimicrobial agents. This I ist is by no means complete,

e¡ther because the in-vitro or in-vivo methods used have not been

sesnitiVe enough to idenitify all of them, or because other aspects

of immunity, such as phagocytic function, have not been

incoprorated into the testing programme. Also, not al I available

antimícrobial drugs have been included in the study. Nevertheless,

it is possible to conclude that some antimicrobial drugs may have

immunopharmacological properties. This by itself is neither good

nor bad. For ìnstance, if miconazole proves usefuì in organ

transplantation for its immunosuppressive effects, an additional

boon wîll be its antifungal action because systemic fungal

infections are common in this group of pat¡ents. The knowledge,

aS it becomes âvailabìe, will provide a more rationaì basis for the

choice of antimicrobial drugs.

Mutagenic and carcinogenic potential

I t is the extensive and indÎscriminate prescription of anti-

microbial drugs by the general medìcal community that evokes the

most concern. One other side-effect which has been mentioned in

passíng but not discussed in depth is the potential of some

ant¡microbial drugs as mutagenic and carcinogenic chemicals.
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This appl ies in particular to antimicrobial drugs which act by

disrUption of nucleic acid synthesis, either di rectly or indi rectly.

This mode of action is simi lar to that of conventional

immunosuppressive drugs. A cell with its DNA damaged by chemicals

can undergo mutat ion, and ¡ f ¡ t is ,a somatic cel I may become

cancerous, or if ¡t is a germ cell, may be passed on as genetic

defects in future generations (Ames, 1979). Other possible

consequences of DNA damage are cataracts, aging and cardiovascular

d i sease.

ln this coniection, a few of the antÎmicrobial drugs have

been impl icated as teratogens. This is best documented for

tetracycl ine. Beverlander et al (1963) reported growth inhibition

of human and rat newborns whose mothers \^/ere treated with

tetracycl ine during pregnancy. Two other infants, one with I imb

abnormalities (Carter and l/ilson, 1962), and the other with

multiple skeletal and soft tissue abnormal ities (Corcoran and

Castles, 1977), were born to mothers on tetracycl ine treatment.

Bi rth defects have also been noted fol lowing chloroquine treatment

of pregnant women (Meyers et al, l97B). Metronidazole and its

metabol ites have been impl icated as mùtagens (Connor et al ,.1977) -

More information is required about th¡s aspect of antimicrobial

drugs. Carcinogeneci ty has not been documented as a compl ication

of antimicrobial drugs, perhaps because this can occur years after

the event, so that the aetiological conhection becomes blurred.
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lmmunopotent iation by pyrimethami ne

A most promising spin-off from this systematic approach to the

study of the immunopharmacology of antimicrobial drugs is the

discovery that pyrimethamine can potentiate immunological responses.

This was not quite unexpected, although the possibil ity of finding

such a drug must be considered as remote. Many centres âre

actively engaged in the study of immunopotentiating agents, because

of the potential for cl inical appl ication in patients with cancer,

immunodeficiency disorders, col lagen-vascular and infectious

diseases, and also of their value as tools for the study of

immunological phenomena. ln this regard, Pharmacological agents

have severaì advantages over other classes of immunopotentiatÎng

substances (e. g. BCG) , s i nce drugs can be admi n i stered and

withdrawn at will, and their pharmacokinetics understood so that

their effects can be regulated by suitable dosage schedules.

Pyrimethamine may prove useful in these respects, but the

extrapolation of animal studies to the cl inical situation must

be tempered with caution.

EP I LOGUE

ln 1909, Paul Ehrl ich introduced Salvarsan for the treatment

of syphil is; it was the result of a del iberate testing Programme

to develop drugs for chemotherapy of infectious diseases. His

ideas, however, did not come to complete fruition until the
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development of sulphonamides in 1935 and penici I I in in .|941. ln

those intervening years, an opposing viewpoint,championed by

Metchnikoff and others, was that the st¡mulation of immune responses

offers the best hope of success for the treatment of infectious

diseases. lt was not without irony that the principal proponent

of this alternatíve viewpoint, Almroth l,lright, came to witness

within his own laboratory the discovery of penici I I in.

The story, however, has now turned full circle. Medical

progress has created a large and important group of patients with

organ transplants, cancer and other debi I i tating diseases in whom

immunity has been severely compromised by drugs and irradiation.

There patients become unduly susceptible to infection by opportunistic

pathogens for which even appropriate andpotent antimicrobial drugs

may be ineffective, unìess concurrent steps are also taken to

restore and enhance immunity.
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