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Ant helmint ic medication , a lthough in princip le and theory 
analogous to med ica t ion in general, deserves more considera­
tion a nd attention tha n it has heret ofore received. E ven now, 
too little is known concerning long-used remedies and that 
littl e is apt to he somewha t V8K\le and empirica l. 

The obse rvat ions which fo llow are founded on the authorts 
own experience and outline the U SN~ of unthelmintlcs as fa r 
as l lley,may be outlined at present. 

Ir}UJ t: i .~ th r Pilsr'l/ ial [acto r ilJ .'uurp/u! ,,1 alld .'lafe anthei­
mi."tic medicatiofl j'l pmetiu! Good j udgment a nd ex­
perienee in th e physician. who, realialng the mere or leas 
poisonous nature of th e necessary drugs, \\;11 admini st er 
them in just and reasonab le Jl'f"oportitrtl.~ a nd und er suitable 
conditions. 

TVh.at should the phy .;ician kPww about ! J<l HJ.,<;i t e.<; in order 
to treat parasitism successf ll lly ! He should know the habit s 
and life hist ories of the parasites involved. The locati on of 
the parasite is n determining factor in th e success or failure 
of certain treatments. The fact that whip worms occur in th e 
cecum or vermiform appendix is, appa rently, the principal 
reason why they are 80 diffi cult to r emove. Our experiments 
indicate that whipworms are re latively susce pt ible to almost 
uny unthelmintics which come in contact with them, and ('UII 

he removed by utmost any of the drugs effecti ve aga inst nnv 
other nematodes, U!! well as hy drugs , such as mcrcuroohrome, 
which hav e little or no efficacy against othe r wor ms. A p­
pnrentl y mur-h of the contents of th e small intestine passes 
through the ileocec al valve to th e colon without ente r -i ng the 
cecum, or nt least without penet rating to its terminal portions 
where the whipworms usually occur. By r epeated <10 8 (>8 of 
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such non-irritant drugs as santonin, which can be given safely 
in repeated small doses, one takes advantage of the mathe­
mat ical probability that in the cour se of time some one dose 
or severa l doses will come in contact with the worms ; or by 
giving drug!'! such as lecke de J~igu e r6n, which by vi r tue of 
their composit ion and r elatively low toxicity ca n be admin­
is te red in la rge amoun ts, one takes advantage of the fact 
that some part of the dose will p robably ent er th e cecum and 
reach the worms, 

An other illust ration of the necessity for knowing some­
thing about th e habits of wor ms is one in ccnneet ion with 
ascaeids. These worms have th e habit of wanderi ng into 
the hill' duets and the pancrea tic duct and it probably ha ppens 
f rom t ime to time that when repeated t reatments with suit­
ab le anthelmin tics fail to remove all of th e asca r-ids presen t, 
as evidenced by the persistence of ascarid eggs in the feces , 
the explanation is that gravid femal e worms are present in 
the bile ducts or th e pancreatic duct, and hence inaccessible 
to a ttack by the drug. 

A knowledge of the life hist ory of a par asite ill particu­
la rly important in successful anthelmintic med ica tion, Ill us­
trations of this fact may be found in such cast's as th ose of the 
ascarid and the pinworm. The asca rid life history involves 
R wande r ing of the worin larvae into the ti seuee or through 
the body of the host outside of the lumen of the host 's 
digestive tract. In th e cases of all such wand erers, these 
including not only asca t -ids , but al so hookworms, st rongy­
loidcs, nodula r worms und various at rongyles other thuu those 
named, th e successful removal of all the wor ms present in 
the lumen of the digestive tract may be followed hy the ap­
pea run ce of worm eggs in the feces of th e patient within a 
comparat ively shor t time and in the absence of uny exposure 
of the pa tient to r einfect ion aft er t rea tment . Thi:- iA the 
re sult of th e return to the int estinal lumen of worms which 
were wand ering larvae in th e ti ssues, out of reach of drugs 
a t th e time of treatment, and the maturing of these wor ms to 
the stage of egg production. Knowing thi s, we realize thnt 
it is advisable to hold a patient before t r eatment in sur round­
inga where he is safe from r einfecti on, for sufficient time to 
pennit any wandering Inrvae to r et urn to the lumen of the 
digestive tract. 



4 2 0 PUEB:TO BlOO J'OUB-"iA.L OF PUBLIC BJU..LTD .L"ro TBOI". )(mICl NE 

The pinworm presents the unusual case of n female 
nematode which is parasitic in the digestive tract but which 
does not lay eggs there ; hence the eggs do Dot pass out in 
the feces. The nematode behaves very much like a gravid 
segment of the ta peworm Dipylidi1lm ca"i,~um. when the 
female ill; gravid, completely fi lled wi th eggs , she migrates 
th rough the anus, usually within the first hour after the 
patient goes to bed, travels forward on the perineum, and 
deposits her eggs, the worm shriveling as her egg content 
flows out. The gravid females occur in the large intestine, 
and the young females and the males occur in the small 
intestine. It follows from this life history that we may 
attack the worm as young adu lts, by anthelmintic medication 
by mouth; as gravid fema les, by enemas ; and as eggs , by 
cleanliness, bathing, and va rious sanitary measures. 

What should the physician know about anthelmintics i,. 
order to use them effec tively and safely' He should know 
again st which worms an anthelmintic is effective, and in 
what dosage : he should know the effect of the anthelmintic 
on the patient ; he should know which purgatives to use with 
each, when to administer them, and in what amounts. 

Anthelmintics are not entirely specific in their action, but 
they nre more or less specific. 'Vhen we know more about 
how anthelminties affect worms, we may know why thi s should 
he ; but at p resent we know almost nothi ng. 'I'rendelenburg's 
work 1 has indi cated that santonin produces muscula r incodr­
dination in ascar -ids, the worm being able to move but not 
able to steer its course, so that peri stalsis produced by a 
purgative will move the ascarid out of the host . In effect, 
the explanation means that the worm is ejected while "drunk 
and disord erly", and we must nssume that muscular incodr­
dination impli es nn effect of santonin on the nervous system 
of the worm. 

To demonstrat e the effect of a drug on the nervous system 
of the worm, or any effect OD any system of a worm, calls for 
in vitro experiments which have not been made, and for a 
knowledge of invertebrate pathology that we do not possess. 
Here is a rich and almost untouched field for research. In 
passing, it may be said that in vitro exper iments have sharply 
limited fields of usefulness in the study of anthelmintics. 
Any number of drugs, such as corrosive sublimate, will kill 
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worms in vitro, and will also kill any host animal. Any 
number of drugs, such as alcohol, will ki ll worms in vitro 
but will not kill worms in a host animal j if alcohol were an 
anthelmintic iJl ciro as well as ill dim, man should have been 
rid of his worm parasite s ages ago. )'fany drugs, such as 
iodi ne, will kill worms ir ri trn and al so ill rtco if not fixed 
h.y organic matter and rendered inert, but it is a difficult 
und ertaking to clea r the digestive t ract of organic matter 
that does rende r iodin e inert. 

Precision in dosage is highly essent ial in secur ing effective 
and safe anthelmintic treatment. The dosage of drugs for 
children should he bas ed 0 11 the appa rent age, the physical 
age of th e child, rather than on its chro nologica l age. 

The most important factors in securing safety in anthel ­
mintic medication are dosage, cons iderat ion of contr aindica­
t iona, and pu rgation, and the factor which needs and deserves 
the most emphas is is purga t ion. ' Vhy purgation is so im­
portant and so valuable in protecting pa tients is not known, 
The old textbooks defined an an thelmintic as a r elatively 
insoluble dru g which was allowed time to act on the worms 
present, and was then swept out of the digestive tract by a 
purgat ive. This concept seems to be none too accurate. 
Regardless of pu rgation, most anthel min tics a re relatively 
soluble, a t least to the point where most of the dru g admin­
istered is absorbed. P robably two-thi rd s of the therapeutic 
dose of thymol, a relatively insoluble drug, is absorbed and 
conj ugated with glycuronic acid in the liver. According to 
th e workers at Vanderbilt Univers ity, practically all th e 
carbon tetrachloride, a more insoluble drug, which is udmin­
istered, is abs orbed and can he recovered fr om th e expired 
air. )[y own theory, which is merely a th eory to serve the 
temporary purpose of a plau sible explanation in default of 
precise knowledge, is that a purgative produces a favorable 
tim e and space di stribution of the anthelmintic absor ption. 
The pu rgative moves the anthelmintic along the digest ive 
tract, slows its absorption, and dist r ibutes and th us lesaene 
th e insul t of absorption over a larger area of mucosa, pro-­
ducing a less marked degree of insult over any given a rea, 
such 88 th e producti on of irritation, degeneration or whatever 
form it may take. 

The role of pu rga tion in safety is one th at appea rs to he 
quite well established. Tn treating a large seri es of human 
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patients with any anthelmintic; a rather large' proportion of 
the patients will report one or more of th ree symptoms, i. e., 
headache, dizziness, or nausea, and these conditions need 
occasion no apprehension, for us a rule they disappear liS 

800n as the bowels move . In all probability, one of these 
sym pto ms, nausea, is associated with purgation, especially 
with sa lts, as much as with the anthelmintic. 

An in spection of case reports of deaths following anthel­
min tics sh ows that at times the drug selected had definite 
cont ra indicat ions ; at times the dose was excessive or in ju­
di ciou s : and at times that th ere was a failure to tak e ade..quate 
ste ps to ensure purgation. The following rules should be 
observed in connect ion with purgation: 

Always use adequate doses of purgatives, never triviaJ 
doses. Hive th e pu rgative with th e anthelmintic or ver)' soon 
afterwards. 

Use (Hauberts salt in preference to Epsom sa lt, s ince the 
latter is mort' toxic, and use a so lutio n not over one-thi rd of 
sa turated strength rather than saturated, since it ill more 
effective and less nauseating. ..-\ solu tion cons ist ing of 30 ee. 
of saturated Glauber's salt pl us 60 ("C. of water is a good 
purgative to use. 

Have the patient report to a physicia n or a nurse four 
hours a fter treatment, and if the bowels have not moved 
administer a dose of sa lt s, regardless of whethe r the purgative 
first udm iniete red was salts, oil or some other thing. Have 
the patient report aga in in a nothe r four hOlICH, und if the 
bowels hav e not moved, take a ll steps necessary to ohtnin 
prompt purgati on. F or this pu rpose use salts, enemus, 
abdomina l massage, etc. If a patient di es wit hout a howel 
movement in 24 to 48 hours after t reatment, wit h evidence 
showing that little or no effor t was made to insure pu rgat ion, 
the denth should not he charged to the unthehnintic hut til 
the physician. 

In gene ral, preliminary pu rg-at ion the night before a n 
anthelmintic treatment to be administered the fol lowing 
morning; is omi tted as of no va lue except in certain special 
cases. These cases, are : 1. Cases of cons tipatio n Since 
pu rgation is important in protecting the patient, it ilol inad­
visable to s ta r t a nthelmintic treatment with a constipated 
patient and ri sk an uncomfortable experience in securing 
evacuation of clogged bowels after an anthelmintic has 
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produced unfavorable effects. )[oreover , badly const ipa ted 
patients are more susceptible to po iso nous effects of drugs 
than persons not cons tipated. 2. T reatments t or tapelt·o"/ ~ 

i"f~ tat io ,~ . Experience indicates that anthelmintics for the 
remova l of ta peworms a re usually less dependable than 
ant helmintics for the remova l of nema todes, and that the 
r eason fo r this is the d ifficulty in r emoving the ta peworm 
head. This is due to the fa d that the head is usually buried 
in the intestinal mucosa, where it funct ions as an anchoring 
device, and in that loca tion it is p robably not readily ec­
cessible to drugs, especially since 8 normal amoun t of mucus 
a nd of in tes tinal content may he an effec tive harr -ier in keep­
in g a drug from contact with the head. There is litt le til 
he done about cha ngin g the pos ition of the head, but the use 
of a preliminary saline purgative might make the difference 
between success and failure of treatmen t by removing the 
mucus and other in tes ti nal contents from the regi on a bout 
the ta peworm head and thus exposing it to the d r ug ac tion. 
3. Tr eatment fo r very ,~ lIIaU u;onns. In gene ral, such sma ll 
worms 81'1 trich inae a nd .S' frolllJ.fJloides ha ve proved Vl.' ry r e­
Iractury to nnthelminti cs. II is not known just why sma ll 
worms are hard to remove, hut it is plausible a nd rensonuble 
to assume that whereas u large worm will project noon the 
mucus which covers th e vi lli, a sma ll worm may be embedded 
in mucus or lie between the villi and under the IlI UCUl; and 
thus esca pe an anthelmintic. It has not been demonstrated 
that u sa line give n with or previ ous to an a nthelminti c wilt 
increase th e efficacy of the latter, but on th eoretical g ro und s 
this procedure is worth trying. 

There a re eertuin gene-rat consider at ions in regard to 
proced ur es in anthelmintic treatment which may he not ed 
a t this poin t , These considerat ions involve suc h mutters us 
di et, fast ing, the t ime at which 'f ood may he permitted after 
t reatment, a nd th e symptoms which may be expected to occur 
in muny cases as n resu lt of the effec ts of the a nthelmint ic 
on t he patient. 

Tho cia)' p revi ous to trea tment and on the day of t reat ­
ment, the pati ent should abstain f rom a lcohol, fats, oils and 
cream, and f rom such fatty foods 8S avocados (ulliguto r 
pea rs ). Olive oil in pa rticula r is contraindicated, us it has 
a te ndency to remain fo r a long time in the stomach a nd if 
used with such irr itant drugs as oi l of chenopodium there 

--- ...,--- - -_..,...,-: 
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may be a resultant gastritis, with severe effects upon the 
patient Casto r oil is, or course, a special ease and is the 
one oil which is permissible in human medicine as a purgative. 
In veterinary practice, lin seed oil also may be used, and 
possibly certain other oils. Some writers have found no bad 
effects in connection with th e use of wine at th e time when 
patients a re being treated with such drugs 8 S thymol, but 
since alcohol is very definitely contraindica ted with such drugs 
as carho n tetrachloride, it is a safer p racti ce to regard alcoho l 
as contra indica ted with anthelmintics. In general alcohol 
and fa tty subs tances favor absorption and the producti on or 
systemic effects. Apparent ly abso rptio n in fats by the 1 ~"JII ' 

pha t i(,f11 may cause increa sed effects of drugs on the cent ral 
nervous system. 

In dealing with human patients it is advisable to give :J. 

liquid meal the evening befo re treatment and to treat E'arly 
th e next morning. A longer period of fas t ing appears to 
se rve no good pur pose and is like ly to leave th e patient in 
an abnormal condit ion, with such result as head ache clue to 
prolonged fa sting, and since anthelminties commonly cause 
certai n unpleasant symptoms , even in patients not in an 
abnorm al condit ion, it is unwi se to prolong th e fusring period 
anti thereby increase th e inte nsity or the di sagreeable effects 
of th e d rug. It has been found to be a good pract ice in thi s 
connect ion to permit the patients to drink all th e eoffee they 
wish at the time of treatment as it appears to be of va lue in 
preve nting or diminishing- the inten sity of unpleasant rene­
tions. The patient should not be permitted to eat an ything 
unt il uffer the bowels move. The precise procedures to l lt~ 
followed in connection with purgation have already been 
g iven. 

Our knowledge of anthelmintiea is derived from var -ious 
sources. In part our j udgment as to the efficacy of an unthel­
mintic is ba sed on clinical observat ions, and clinica l obse rva­
tions give sound but not necessar-ily complete informat ion. 
Tn our exper iments at Washington we have had excellent 
clinical results with drugs which are only approxi mately r.cl 
per cent effecti ve in removing th e worms r espon aihle for th e 
clinica l condition. The explanation for thi s is obviously tha t 
the removal of half of th e worms present was sufficient to 
lower the degree of infestation from an into lerable infesta­
tion, capable of producing severe clinical symptoms and death, 
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to a tolerable infestation which, whil e more or less injuriou.. 
to the animals, was no longer capable of caus ing visible 
clinica l symptoms or death. Clinical observa tions of this 
sort warran t the use of anthelminties with such a rela t ivel v 
low efficacy 8S 50 per cent in default of a knowledge of better 
anthelmintics. In other words, obse rva tions of thi a sort 
cons titute a fair ly sound form of empiri cism, but it should 
1I0t be assumed tha t the r emoval of some worms establishes 
the value of an anthelmintic. 

As a r esult of an increasing knowledge of th e importance 
of human hookwor m disease, anthelmintics have been ft'Ct" iv­

ing an incre as ing amount of attention in the past 50 years 
and especia lly in the past 15 years. Various methods, other 
than th e clinical approach, have been used to ascertain the 
efficacy of these unthelruintics. Historically thi s was firs t 
attempt in connection with human medicine on th e basis of 
compa ra tive egg counts before and after treatment. This 
method ha s given us much valuable information, hut th e 
info rmation so obtained is not ordinarily examined in a 
critical way with sufficient allowance for the inheren t limi ta­
t ious of the procedure. It is obvious tha t immature worms, 
males and senescent females, will not be r epresented by eggs 
in th e feces. Furthermore, since much of this work was 
published it has been lea rn ed th at cer tain d rugs, such as 
ehenopodium, will inhibit egg producti on for as much as 1 ~ 
days ut ter th e administrat ion of th e anthelmintic, and that 
the decr eased egg count will indicate a much more effect ive 
removal of th e worms tha n is actually th e case. Fu r-ther­
more, th ere are data in the literature indicating that follow­
ing a treatment with anthelmintics for the removal of asoarids 
and with th e r emoval of female ascarids accomplished, th er e 
may he an actual increase in th e egg count. F'inully, studies 
on immunity in connect ion with certain parasi tes of the 
gastrointestinal tract indicate that some worms apparently 
produce a partial immunity, which in a subsequent infection 
lends to a pronounced slowing' of development on the part of 
the worms and a consid erable inhibition of e~g production, 
wi th th e result that an animal may have a negative egg 
count and still have numerous mature worm s of which the 
female!' will not be producing eggs. All of these things 
inevitably lead to th e conclusion that one must not tak e too 
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seriously the findings in regard to the efficacy of an thelrnintica 
on the basis of the egg counts reported in the old lit erature. 

The work which was cnr r 'ied out ill the Zodloglca l Division 
of th e Bureau of Animal Industry for the testing of an thel­
mlntics during th e past 15 years has been done for the meet 
part on the basis of worm counts. Animals a re treated with 
an anthelmint ic, the feces are collected and all worms re­
moved, identifi ed and counted , and th e animal is th en killed 
and all worm s present post-mortem are removed, ident ified 
and counted. This method of testing give" ra ther definite 
info rmat ion and is di st inctl y supe rior to th e old egg-count 
method. Xevertheless it has its limitations. It is not readily 
applicable to worms in the stomach, for the reason that ir 
an anthelmintic kills a worm in the stomach and the worm 
is not rather promptly removed by peris ta lsis, th e worm 
is then 80 much dead proteid, and is likely to he completely 
digested or digested to 3. point where subsequent digestion 
and dis integra tion in its pas sage through th e intest ine will 
leave noth ing to be recovered on fecal exami nat ion. 

Since it is impossible to apply th is method of critica l 
testing, which involves post-mort em examination, in the t rea t­
ment of human beings, except in the rare cases where cr inri­
nals have ag reed to take anthelmintiea before execution, the 
efficacy of anthclmintlcs has been tested to u slight extent 
in human med icine by egll counts, pr eliminary to and sub­
seque nt to, an th elmintic treatment, and the WOfllHI passed 
have been recovered and identified and counted . While th is 
met hod is somewhat tedious it is an improvement on the 
method of egg counts a lone, since it brings to light some of 
the inaccuracies in the egg counts and also affords an oppor­
tunity to check up on males, immature worms and senescent 
females which may be removed. 

There is much more that might he sa id in regard to the 
limitations of our methods for asce r ta ining the efficacy of 
unthe lmint ics, hut only u few of these things need he men­
ti oned. F or one thing it may be noted that in examining 
feces for eggs, such methods as the smear method a re cru de, 
und that while they have r('81 value under certain conditions, 
there is a distinct limitation to their usefulness. The Stoll 
egg count has the limitat ion that while it takes advantage 
of mathematical probabilities and does so on a very sound 
basis, th is same element of mathematical probability will go 
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agai nst the method when there are very few eggs and large 
amounts of fece s, as a negative egg count under those condi­
t ions will not 1""" truly indicative of th e absence of egg­
producin g females. Under such conditions resort must be 
had to sud) elaborate methods as the Lane technic, au ex­
eelleut techni c, with the only disadvantage of being somewhat 
intricate. 

We han many special cases where our methods are not 
readily applicable, and one of these is the case of the pin­
worm, since the gravid fema le does not deposit eg~"'8 in the 
int estine but migrates from the bowel to the exterior, with 
ita egg conte nt intact. Because of th is it is not poss ible to 
investigate the eJficacy of anthelmintics against pinworms h)' 
egg-counting methods. " n ile it is fairly simple to outline 
a technic for th e investigation of the efficacy of anthelrninti cs 
against pinworms, it does not appear that anyone has ever 
taken the t rouble to do so. T he technic would involve treat­
ment of th e patient, the counting of pinworms removed by 
treatment, and a careful consideration of the females which 
migrate from the patient, a~ the worms usually do during 
the firs t hou r or so after th e patie nt goes to bed. 

Finally we have the cases of anthelmintics for the destruc­
t ion of worm s outside of the lumen of the digestive tract and 
here the case is complicated in many wa ys. It has be en 
found that where the eggs of these wor ms ar rive at th e ex­
terior of the body, as in the case of schis tosomes, a cessatio n 
IIf egg-produc tion over a eonsider uble period of time iMfa irly 
good evide nce that the worms have been kill ed, although even 
here th ere is th e likelihood that in some cases egg-production 
has been inhibited 01' th e worms ste r ilized. On the othe r 
hand, with such worms as the filarids, the disappearance of 
micro f ilariae from the periphera l hlood h08 not been found 
to he a good ind ex as to the deaths of th e adult worms and 
in gcnorul the microfllarlae reappear after varyin g interva ls. 

..\. lin e of invest igation in anthelmintics which has been 
opened up of late yea rs, and one which gives great promise 
8S somethi ng which may lay the foundation for more bnaio 
research, is one which is being unde rtaken to asce rtain the 
correlation between the an thelmint ic efficacy of a drug and 
its chem ica l composit ion and physical properties. A pre­
limi nary study of this sor t was made more than a decade 
ago by Hall and Wigdor ' , but owing to its inter r uption by 

, 
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th e '"orld w ar their work was not published uu til some time 
la ter. They were unfortuna te in their selec tion of a group 
of drugs to be tested as th ey selected the te rpenes, and the 
complexi ty and variab ility of these products would not permit 
of any conclusions. Cai us and .Mhaskar · undertook u much 
more thorough inves tigation of the common anthelmi nt ics, 
but ran into much the same difficulties in that the common 
anthelmi nties r ep resented such diverse p roducts tha t there 
was littl e in the way of a common denominator as a basis 
fur comparative results. The)' eonel uded that the cflleacy of 
carbon tetrachloride was due to its halogen content , that of 
chenopodium to its dioxide st ructure, nnd th a t of thy mol and 
beta-nuphtbol to thei r phenolic radicals. In subsequent work 
by Hull t . S, . and his collabo rators, where the drugs test ed 
were r estri cted to chlorinated hyd rocarbons, it appeared that 
there might be a correlation bet ween th e amount of chlorine 
anti the efficacy, and also a cor re lation between the water 
solubility and the efficacy. They concluded that th ere was 
probably on optimum solubility, and this conclusion has had 
additional confirmatio n from the work of Wright anti his 
collaborators. Wright and Schaffer 1 find some evidence in­
dicating that the position of the chlorine in the hydrocarbon 
chain has a bear ing on the efficacy and safety of th e drug, 
This lin e of investigation promises to produce results which 
will enab le UJ:> to predict the an th elmintic efficacy of cer tai n 
chemicals from their st r uctural formula and water solubility, 
and perhaps to synthesize drugs better than those we have 
a t th e present time. 

What should the physician know about purgative:il Ex­
perience indi cates that there are certa in things of impor tance 
in connect ion with purgation with which the physician should 
be familiar. F or one thing sa line purgatives a re especia lly 
valuabl e in connect ion with most anthelmintics for several 
reasons. One r eason Is that these purgatives act rapidly, 
th ereby affo rding the prompt purgation which has already 
been discussed. For anothe r thing, saline purgatives nrc 
probably of val ue in r etarding and dimini shing the absorp ­
t ion of anthelmintics. Macht and F 'inesilver I have poin ted 
out tbu t va ri ous dr ugs when administer,...l with sa line purgn­
li ves fa il to exhibit their us ual th ernpeut le net ion and have 
ndvuuced as an expl ana tion of thi s the theory thnt th e well­
known salt action, producing an osmotic flow from the walls 
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of the in testine to th e lumen, prevents the establishment 
of nn ubsorptiou flow in the opposite direction. Since anthel­
mintics are drugs intended to exert th eir effect on parasites 
in the intestine, and since the systemic effect of the anthel­
mintic on the patient is usually und esi rable, th e use of saline 
pu rgatives with anthe lminties is ordin arily very sound prac­
tice, if the theoreti cal cons ide ration just mentioned is sound. 
In actual p ra ct ice, involvin g th e treatment of milli ons oC 
patients, the use of salines with anthelmintics has proved 
very satisfacto ry. Salines have the additional advantage in 
mass treatment th at they are inexpen sive. 

Cas tor oil is a special case among th e purgatives in that 
it appears to he highl y sa tisfac to ry for use with eueh anth el­
mintics as oil of chenopodium. "'1lenevcr castor oil is used 
with un anthelm intic it shou ld he administered simultaneously 
with th e anthelmintic. It appears to dimini sh th e irritant 
action of oil of ehenopodium on the mucosa of the digestive 
trnct nnd it offse ts the const ipating action of chenopodium. 
T he mixture of chenopodium and casto r oil is highly effective 
for the r emoval or nscar-ids from man and most other animals 
on which it has been tested. 

Santonin is one or the drugs about which there has heen 
much dispute It S regnrda it s efficacy. A recent 'Work by ~Ior~ 
ri a and ~IlIrti n ' hns resulted in findi n~ !\ t o the effect that 
th e clessicnl method of adminis te ring santonin 'with an equa l 
amount of calomel is not a sa tiefnetor y method nnd that 
saline purgatives should be used. The experiments which 
have been car ried out in the Bureau of Animal Industrv on 
santonin and calomel have ind icated th at the comh in~ ti on 
is not very effective and it may he th ut the findings or 1\Iorri ~ 
nnd ),[artin ere sound. 'I'rendelenhurg indicates thnt santonin 
ca uses mu scular incoordination in uscarids, an d it is poss ible 
thnt calomel does not produce sufficient pertstnlsis to r emove 
worms temporar ily unable to maintain their position in the 
11i$C('s t iyl' t ract nguinst II forceful pe r is tal sis, and that salines 
will remove them hy producing a more powerful form of 
peristalsis and ut th e same time providing a large amount 
or fluid hy virtue of suit action. in which fluid the ascarids 
are more readily washed out of th e intestine. 

Wh.at !lhollld the phY olicia n kn.ow abou t th e patte t/t, The 
physician should take as much care in ascertaining the 
anamnesis and status praesees of th e patient in connection 
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with anthelmintics as he would in connect ion with any other 
proposed therapeutic procedure, and should give special 
attention to certain things of known importance. 

In connect ion with th e a nam nes is, specia l attention should 
he paid to 8 previous history of recent acute alcoholism or 
chro nic alcoholism. Cases of chro nic alcoholism, or persons 
who have been drunk recently, or are drunk at the t ime of 
the examination. a re poor subjects for authelmint ic medica­
ti on, especially with such drugs as carbon tetrachl oride. A 
historv of malaria is a cont ra indica t ion fo r treatment with 
su ch u' d rug a s beta-na phthol , whi ch is said 11) r-euse destruc­
t ion of red blood cells and hence is cont raind icated in patient s 
in which there is already an an emia or a marked tendency 
to wards a nem ia. The food habits of th e patients should be 
investigated. 88 the use of large amounts of fats, oils, cream 
a nd similar th ings is a contraindication for the use of ce rtai n 
anthelmint ica which are readily soluble in fat ty and oily sub, 
stances. It appears probable that such fat-soluble drugs art> 
not only more readily absorbed in the presence of fat solvents, 
hut are tak en up by the lymphatics and carr-ied th rough them 
to the circu latory system in such a way as to produce mort> 
than th e usual amount of effect on the central nervous system, 
th ereby giving rise to nervous sym pt oms which may he 
profoundly disturbing, 

In connection with the status prat'.8eti.S of th e patient, then ' 
if! the usual necessity fo r cons ideri ng the age, sex a nd p resence 
or uhsence of pregnancy . As already noted , in dealing wit h 
children, es pecial ly in the Tropics, one should establish the 
apparent age, as indicated by physical development, as well 
as the ch ronological age, a nd dosages should be baaed on 
apparent age and not on chronologica l age. In ge nera l, 
extreme youth and ext reme old age are contruind icat ions for 
anthelmintic t reatment , at least to the extent that the th era­
peutic dose should be diminished and that, if neccs eury, one 
should elect repeated t r eatment with small doses of drugs 
rather than 8 aingle treatment, on the theory that it i ~ better 
to remove part of the worm s by each of several treatments 
and gradually r estore the health of the pa tient. than to risk 
th e patient's life by attempting to remove all of th e worms 
with one t reatment. 

Pregnancy is regarded as a contraindica t ion for the use 
of oil of chenopodium, since this drug has been regarded as 
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an a borti facient. There does not a ppear to be very' much 
evidence indica tin g that chenopodium \\;11 produce ahortion 
and th ere are a number of cases in the literature where 
pregnant women have been treated wit h ehenopodium an d 
ahort ion hal'! not occur red. Furth ermore. chenopodi um has 
been extens ively l1 sE'41 in veter ina ry medicine and I reca ll no 
case in which an abortion has been recorded as II r esu lt of 
it s use. Xevertbeless it is advisable to play safe, a nd fo r 
the t ime being pregnancy should he regarded as a cont ra­
indica ti on for the use of chenopodium, 

S pecific contraindicat ions for the use of various drugs 
\\;U he considered la ter. T hese contruindica t ions, of course, 
depend on the specific actio n of the drugs on th e host anima l, 
their relation to the die t of the pat ient , an d their fa te in the 
body of the host. 

W hat ..,hould the physician. k now abo"t I'rophylaxi.., ' 
P rophylaxis i ~ th e fina l busines s of the physician. a nd his 
p rofess iona l oblignfions ha ve not bee n di scharged until th e 
treatment of th e patient for worm infesta t ion has been fol­
lowed by advice as to meas ures for preventing reinfection, 
The precise measures to be recommended \\;11 depend upon 
th e kin d of in festation prese nt, and here aga in it is essent ia l 
th at the physician know th e life hi stories of the parasites 
involved in orde r tha t he ma r make rati ona l recommendati ons 
as to how to prevent reinfection. In a genera l way, in fection 
is a result of swa llowing in fective material in contami na ted 
food or water, or a result of eating- meat, f ish or other foods 
containing the larval:' of parasitic worms. or a resu lt of ex­
posin g the skin to pen et ration by such la r vae as those of hook­
worm". or a resu lt of the attack by a rth ropod vect ors convey ­
in g parasitic Inrvue, such as those of the fllurida, or a result 
of swallowing- such inte r mediate hosts of purusitic worms U8 

tilt' insect s and oth er arthropods which carry lly me1lc lel)is 
dim inuta . 

SUMMARY 

In conclusion the outstanding po int s which have been made 
may he summa rized as follows: 

T he physician is the most important fac to r in successful 
and safe anthelmintic medication and should he well train ed. 
well in formed a nd expe rienced , 
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The phy sician should be \..ell informed in regard to th e 
ha bits and life hist ories of parasites, as these th ings hav e 
an impo r tant hea ring on anthelmint ic medicat ion . Anth el­
mintic medication mev fail because certain wor ms a re per­
mnnently or temporarily in locations which ca nnot be reached 
by anthelminties, or can he reached only with difficulty aniI 
by certa in special drugs or methods. 

Anthelmiutics are more or less specifk - unci should lw 
ca refully se lected. Their pr ecise effect on worms ha s had 
too little invest igation and th e subject requires much mo rt! 
research, 

In oitro testing will answer certain quest ions in regard to 
th e effects of anthelmintics on worms, hut cannot he trusted 
to determine whether a drug which '\\;11 kill a worm i" vitro 
will consti tute an an thelmintic when used t tl- vivo. 

The most important safety factor in connection with sup­
posed ly th erapeutic doses of anthelmintics is purgation. 
Ad equat e doses of purgatives should always he given, and 
should he given with th e anthelmintic or very soon after­
wards. Saturated saline soluti ons are less effect ive , less sa ff' 
and more unpleasant than larger doses of salines admin­
istered in more dilute solutions. 

Routine treatment of patients is given, concerning suitable 
diet s, preceding and subsequen t to administration of anthel­
mi ntics, purgation and it" imporfnnce, and the resumption 
of ordina ry food. 

The world's li terature on anthelmintics must be inter ­
preted against the background of present-day knowledge, as 
ma ny of the conclusions which have been drawn fro m the 
early work in testing an thelmintics are now known to he 
inaccurate becau se of limitations which wcre not known at 
the time th e work was done. Ten years from now some of 
the propositions set forth here will need modification for the 
sa me reason. 
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