
IN'rES'l' AL PARASI IC zs 

Prom the Schoul uf 'I'r opleal McdicillC oI the Uuivorsuy oi Porto Rico und er 
the auspic es of Culuiu biu Uuive rslty, ::>/<ll J IIUII, P orto Ri eu 

Vurious s ubstauces and compounds, "cliiefly of vegetal or-igin ha ve 
been employed lJy iuuu, sUl~e almost since th e dawn 01 hist ory, in 
etfurts tu free himself or his domest ic animals of til e parasitic urgau­
isms with which t il 'Y were beset. .\luuy of th ese were eiupiri cally 
used : in f act , it r emained fur a long t ime, and to no small exten t 
still remains for the ir value to be demonstrat ed by modern cr itical 
methods. Some, of course, like th e eiuchuna bark of the Peruvian 
Indians have stood the tests of time. 'I'here are th o se, as for examp le 
santon in, though t heir complete rejection is not indicated, which 
today are not regarded as highly us formerly. S t ill others, as r ecen t 
tests hav e demonstrated , po sess no parasit.icidal vir t ues what soever . 

I n the main, para it ieides ha ve been develop ed to combat hel­
mint hs. Th is is Hot strange, for iuun must hav e been aware of tape­
worms und usearids fro m his earlie t p r iods of exi t enc e. T he 
presence ot int es in aI protozoa was not disc losed unti l the iude­
fa tiga ble Leeuw enhoek fou nd t he Ilagella te Uiar dia by means uf his 
rudimentary microscope. T hat p rotozoa coul d be pa t hogen ic r e­
qu ired a much later period to prove, Considerable progress has 
been made in combating parasitic prot ozoa, t o which brief eonsider.i­
tion will be given. 

As ha s al ready been in t imated a consideration uf anthehuinties 
will compromise Ilu- major part of this paper , Many of the chem­
icals used as su ch have survived through a long period of traditional 
empiricism, 'l 'hen during the la t quarter of t he ninet eenth century 
what, might be de. ignated as lin era of traditional empir ici III was 
ushered in, that is. an effor t to appraise kno wn anthelmint ic" or 
substances used as such , t o a gr at exte nt on a clinical basis, Dur ­
ing this period thymol was est ablishe d as th e premier uncinariacide 
of th e time. Actuated bv good results r eported fr om Brazil against 
hookworm 'with oil of ehen opodium Baumler and Pribourg in 1 81 
tried the chemical in oulv one case . Th ey judged thc r esults to be 
uufavor ablc for furth er treatment. Becan e of this un cient ifie 
procedure recoznition was delayed more t han thirty ,;earS' until 
. 'chiiffne r and Ver voort demonstrated its efficacy against ho okworm 
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in Sumatr a. Inability to procure a su pp ly of thymol from Germ an)' 
during the W orld War and am ple confirmation of the sup erio rity 0 

ehenopodium oyer thy mol pract ically caus ed the disp lacement of the 
latter in th is tiled of medicine. Had th e true worth of oil of eheno­
podium been known in t lte days of the const r uction of th e St. 
Gothard tunnel, it would doubtless have served as t he drug of choice 
in th e anti-hookworm cam paigns in POI"tO Rico and elsewhere from 
their inception almost to th e present t ime. 

While the second epoch , ill so far as t he appraisal of authel­
ininthies was concerned, yi elded vastly super ior results than did its 
predecessor, ye t it left muc h to he doaired, since it contribute d prac­
tically no accurate da ta r egarding the subj ect. 'I'he beginning of 
modern anthelmintic medi cati on may be said to date fro m 1915, 
when criti cal testi ng of various substances to de ter mine th eir anthel­
mintic value was ina ug ura ted by th e Bureau of An imal Indust ry 
of the Uni ted 't at es Depar tmen t of Agriculture. Since then nota ble 
progres along this line of in vestigat ion has been achieved. " 

'I'he mere fact that wor ms arc pas. ed after medication consti ­
tutes no criterion t hat such treatmen t is effect ive, for the great 
majority of invading organisms, in no wise affected , may sti ll re­
main in thei r accusto med site. 'cve r al means of evaluat iue anth el­
mintic efficiency hav e been devised. One of th ese is t he worm 
count, which at the hands of Darl ing an d his associates tl11'e\ ' much 
light upon problems in this field. .After t r eatment the excr eta 
pa ssed over a definite perio d is examined, and th e worm s it coutaius 
removed. Later accura te qualitative means t o determine th e pres- · 
ence of ova, such a the briue fl ota tion met hod, follow . This pro­
cedur e may be r epea ted one 0 1' mor e t ime!'; until no evidence of th e 
presence of eggs r emai ns, W orm counts require a bsolut e control 
over pati ents or subjects i'01' at least thl'Cl' days during a nd a fte l' 
treatment . Even th en we canno t he cer ta in that all the wor ms have 
been r emoved. Through th e emplo yment of a test drug and t hen 
foll owing wit h II . tandard antholurintic to evict as many of th e re­
maining worm s as possib le, p rod ded there be any, we may also 
decide wheth er a substa ne shows any promise. One of the most 
usefu l of all mean is th e empl oyment of exper imen tal animals. 
After t reatment th e animal can he killed, and through u compa rison 
of th e parasites st ill p resent with th o e evac uated, an accura te gauge 
of the value of th e compound tested may be obtained . 

In many way s exp erimentation of this type shows defini te supe­
rior ity over other methods. With th e exception of criminals ahout 
to be executed it is not applicable to man. Thoug h in many in­
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sta nces, th e pa rasit es of dogs for exa mple, posse s close kinship with 
those of .man, yet the effect. of an anth elmint ie upon th e two gro ups 
mar not he identical. . 'cvert IJc!e s the div ergence is not so great 
that th e r esu lts found for one group may not obtain in part at 
least , for the other . 

Sin ce Ston 's outs tan ding- expe riments at Ut uarlo, egg counts have 
provided us wit h another technique for attacking such problems. 
'I'hrouzh it we are enab led to establish the n umber of eggs per gr am 
of feces. By means of est imates of th e number of ova present mad e 
hcfore an d aft er treatm ent, sueh II modus operandi, while not abso­
lutely accurate. provides an excellent means of ascert aining th e 
worth of H compound. In vitro, tests may impar t information of 
value if properl v interpreted. By . uch tes ts a chemical may seem 
to be of no valu e, since it has not exer ted fl lethal efl'cr.t upon worms 
with in a reasonable period. Yet in tIle in test ine th e ubstance under 
considernt iou may aetu allv functi on as a vermifuge, e....en though 
it. not hI' fata l. Th e differ ence b t ween a verm ifuge and ver micide 
from th e practica l viewpoint , is. after all , merely an academic one 
since both Iy op. mav /!ive t1le desired end of ridding the host of 
its parasites. Carbon tet rachloride kills hookworm . while santoni 
on the oth er hand merelv stuns ascuri ds. Su bsequent p urges ann 
per ista lsis mus t th erefore 11lay an instrumenta l part in expulsion . 

A pitfall in to which an inexp erienced stu dent might drop is that 
of placing implicit dependence u pon thc absence of ova in fcc.,!'! 
after treatm ent. According to 11 physician of my Acquaintance oil 
of chenopodium serves as An excellent th ernpenti e azent for Scliisto­
.~01 1 /G. nuinsoni in festation. H is post-treatment examinations must 
have ext ended over too shor t II period . I have followed the course 
of ehenopodium t reatment for hookworm in festat ion complicated bv 
that of S. numsoni. Abou t the third week ova of th e latter can lIP 

recovered in the feces in as great abundance a. form erly. 'Mer C'J­
rochrome an d gent ian violet. on the other 11an £1 when in jected int ra­
\ · f'110 Uf'1~T into cats and dog'S harh or inu Clonorcli i« sin ensis cause 1 

g'rpat initial inc rea se in the num ber of eggs passed . All of th ese 
however are imper fect and immature. 

Another fnet to be considered is th at pr act ically all chemicals 
used ag-ain t int« tin a1 parasites exer t a t oxic eff ct. wheth er appar­
ent. or not. u pon the host ns well as the invader . Hall. discussin g 
PIl rbon tet rachlori de mane II sta tem ent t o the following effect: " TIll" 
chief org-an of insult for many an thelminties is the liver. " Tt mijrht 
further he sta ted that each compound has 11 cha racteri st ic effect 
up on the host. The ideal to be striven for is th e administrat ion 'Jf 
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n dose : 0 gradua t ed that while t he parasites are elimina te d th e 
leas t possi ile damaze is inflicted upon the host. 

The inclusion in this paper of some therr p eutie agents deal ing 
with animals rather t han man i ennsidercd because of the oconomie 
factor involved. their possible bearing upon similar narasites in the 
h11111 1111 host. and because some parasites OCcur in hoth man and ani­
mals. 

Male fern. one of t he oldest known anthelrnintics dates from lit 
least the davs of Galen and Pliny, both of whom were familiar with 
its action and us». The active principle of mall' Iern if': said to hp 
Il non-nitrorrenous acid, filicic neid. of which two fo rms. a crvstalline 
C3r, H oo ,~ n11(] :-m amor ph ous form, C:mH~:!013' are known. Its sue­
ces has been most marked with restodes. psn pcia11:,' the ra r e tano­
worms which onlv oeeasionallv oCl'l1r ill man, linn therefore Arc not 
PO " 'p11 adapted to the environment of the human intestine liS thp 
two common I'::ppcil'<:: of 'i'aen ia. Costodes of th e horse. 000' ani! eat 
111'1' often evacuated as well. Grasl'::i . Calandrneei an d Perr oncito 
(1R84--1 ~R ~) domonstrnted thllt th is ilI'n !"" will kill the liver fluke 
FnR('in 7" henot ic«, in f'heen . 'I'his drne therefor « prov ides one of 
the fpw available therRnplJti(' mN'n!'l I)f combating this parasite, 

?\f ll ]1' fprn is often considered an innocuous drug'. 'I'h is opinion. 
hnwl'vpr. n :l<; not alwavs hppn borne nut. A nnmhei- of dpllths l1R"t"P 
r p<;II]t"n from it!,! Administration . '1'oxiC' svmntoms may at t end it s 
use, F'iliei« acid eXl'itp<; A t remendous irritation of tllP I!/lstro-intes­
final t ract ~n(l r eflexlv stimulates tho nt orns. P rozn ancv mav therp­
fore hI' rOnf':1nl'rrn n enntraindioation t n it!'! use . It also 1I1Tl'cts the 
I'pntT'nI nervous svst ern. F'ilix mRS tr-nds to detp r iol'?t p. the ext ract 
morp Sl) th nn tho Olp01'pe:;ill. '1'h i<:: nrohably accounts in P:l,rt at least 
f01" thp it"J'I"{rll1nr results obtained acainst T'aenia .~nrll:11nfn linn T. 
solinsn. ~om ptiml's eomnlete p:\-pnlsion of the worm hns not. hrl'n 
plTc!'t.r(l P,"1'1l nftrI' five 01 ' six trNlhnplltS. 

Oil of ehenoporlium has hepn used for untold centuries hv the 
American Indians as lin anthelmintic. Though tested in BlJroTlc in 
1 81 it I!ninen no pIliPI' in medicine until Rhii1Tn er and Vervnort in 
HlH demonstrated its superiority over all known drugs azainst 
l ookworm. Sincp then its use has gort'lItlv . pread. The oil itself is 
rlist.i11pd from herbs of the :rOOI'::P foot familv t schn icallv known as 
the Chenonodiaceae. Plants of th is group /ITOW abundantly in ma ny 
parts of the globe. though not all are of value for an thelmintic pur­
noses. In Haiti T encountered a plant which I was informed th e 
natives used for worm infestations . F rom it emanated the identical 
odor so charact eristic of oil of ehenopodium. 
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Oil of ehenopodium not only is efficacious for hookworm, but is 
also our main reliance fo r the eviction of asca r is. The substance 
responsible J U1' its effcct i....eness is an organic peroxide kno wn, as 
ascaridol, th e formula of which is Cull:!O:!, Fortunately this for ms 
the main fraction of tile oil, varying from ,15 to 70 per' cent of the 
total. Ascaridol wou ld he th e id eal su bstance Ior t herapeusis wit hin 
its province. especial ly so since it possesses a definite chemical CO!.!I­

position, and do 's no t cons ist of a mixture of various su bst ances. 
'I'he obstacle t o such a desired end lies ill th e great cost of isolating 
ascaridol from other const it uents of oil of chenopodium. 

As in the case of male fern th e toxic effects of oil of chenopodium 
concern chiefly th e gast ro-intestinal tract and the cen t ral nervous 
system. Childr en are specially suscept ible to it s action . I n in ­
stances of poisoning, autopsy cl i. closes inflammatio n of t he gastro-in­
testinal tract, live r and kidneys, adn hyperaemia of the brain . Toxic 
effects as a rule, are in large measu re pr ven ted by saline purge. 
or castor oil shortly after treatment . uch mea nrc ' tend to chec k 
absorption into th e blood stream, and to p romote elimination from 
the alimenta ry canal. Ca tor oil possesses the add it ional advantage 
of spreading the oil of chenopodium over a lar ger surface, Ordinarv 
therapeutic doses usua lly giw rise to no symptoms in wel l nourished 
individ uals. Oil of chenopod ium should he admin istered wit h ('1111­

tion, or not. a t all , to th o. suffer ing from renal or chronic disorders, 
or to poorl y nou r ished persons of a neuro t ic type. 

Jrention has already been made rega rding the cffpctivPl1rss of oil 
of chenopodium against hookworms and roundworm s. Cha ndler 
states that in adult s doses of 30 minims remove 90 to n5 per cent of 
neeators, 80 to 85 per cent of th e aucylostomes, t () complet ely cure 
-1-0 per cen t of the necator cases, 30 per cen t of thc aneylostome 
cases : a performance decidedly super ior to that shown by thymol 
and beta-naph thol , subs t ances previousl y eommonly used for ho ok­
worm infestations, Against. th ese pa rasites it is almost on a pll r 
with carbon tetrachloride . Wh ip worms may also he expelled . though 
in the main only those in the intestin e a re l iable to hI' affected. Si11.,P 
t he oil hut. seldo m finds it wily in to th e cecum. Frequ ently pin­
worms are expelled, but again only tho e situated in the lower part 
of t he alimentary canal. Oil of ehenopodium has been reported as 
useful against the human liver fluke. Clonorchis sinensis. Since this 
species occurs chiefly in the liver and thl' hil e duct, probably only 
those few in the duodenum feel its action. 

Chenopodium administered intramnseularlv and intravenously 
according to Pernan Nunez, has a specific action against whipworms 
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and pinworm .. in f'est ing man. The following charts are copied fr om 
an art icle published hy .F ernan ~ufiez : 

RESU LTS AJ' TE R� INTJU:\I ' S Ul,AH I:-<JECTIO N FO I,LOWED nv ONE OUN F. OF 
CA STOH OI L GIV EN DA I LY FOR SE VE. ' D AYS 

Day Hookworm A carts Entorobius Trichuris 

I. .. .. ... .. " . . .. . .... ... ....... . 0 0 10 6 
2. .......... ....." ... ................. 0 12 2 19 
3 . . . .. . ..... .... . ... .......... .... 0 2 6 3 
4 . .. .. ................. ...... ..... ..... II 0 0 0 
.~ . ... ....... ... ... .. ... .. .... .... ... 0 0 0 0 
H. .. ... . .. .. 0 0 0 0 
7 .. .. .. .. .. ..... ... ..... .. 0 o 0 0 

H ES UL'l' S A~'TER [, ·T R AVE NO U. I NJ E CT IO N 0 1' 1.5 cc, FO L LO WED BY 30 ce,� 
01" CAI11'O H OIL DAI LY 1'0 1{ 7 D AYS� 

1 .. . 0 1 273 3� 
2.. 0 2 364 ~
 
3. . .. 0 0 2 Ii 
4.. .. .. . 0 0 0 I 
5 . .. . . .. .� 0 0 0 0� 
6. .. .. .. . ... .. .. . .. .. .. .. .. .. .. .. .. .. .. . .. .. 0 0 0 0� 
7.. .. . . .. ..� 0 0 0 0� 

'I'hese experiments, it seems to me, should have been con trolled 
bv oral treatments of castor oil. provid d volunteers were avai lable. 
ITal i and Foster foun d that in a series of fifty dogs onlv 27 of :~5 1 
Belascoris mOl'ginata. "Were expell ed by castor oil. H ookworms and 
whipworms remained unaffected. From mall only 2 of 1.256 hook­
worms were evicted. while asca rid were undisturbe d. It would seem 
therefore. that castor oil was not. directly responsible for the results 
obtained. The r e ult: obtained hy F'ern an Nllnez have been neither 
confirmed no r r efu ted. Whilc the method i,; of limi ted applicahil­
ity , vet j f found of value it. mar have its place under special condi­
t ions. 

Again st helminthic pa ras ites of domest ic animals oil of eheno­
podium treatment has likewise yielded SllCC ssful results. P racti­
-allv all r ound wor ms, a goodly propor tion of hookworms. and some 

whi pworm s are rem oved when t his su bstance is given orally to dozs, 
Good resu lts al 0 at tend' its use for a..earids in hogs: many of the 
in test inal nematodes of horse are likewise expelled. With th e last 
named host th ose nematodes in habiting the cecum are reach ed, since 
that organ in equines is not a blind tuhe. Chenopodium success­
fully r moves A scw'idia from poultry . 

Oil of cheu opod ium may he employed as a pa ra itieide beyond 
the field of helminthology. B alantidium coli. as all authorit ies 
agree, is the one protozoan inhabiting the inte ·tine of man that may 
pa thogenically affect it s Ito. t . Cort ill Siam first gives the patient 
suffering from balantidia I dysentery a large clean. ing enema of 
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physiological saline, then 15 ec of oil of ehenopodium in 150 ee. of 
olive oil arc slowly given per anu s. The enema is held for two hours 
if possible, Of twelve cases so' treated, none showed cili ates in th eir 
stools over a period ranging fr om 9 to 29 mon ths . That fatal se­
quelae may follow the administ rat ion of this drug is evidenced from 
its use in an attempt to t reat a child suffering from balantidial 
dysentery. The case has been reported by Dr. America Serra ill 
the J une number (Vol. 6, No.4) of th is Journal. 

Hall's discover y of the ability of carbon tetrachlor ide (CCI 4 ) to 
remov e hookworms marks an epoch in the development of curative 
medicine. He, as well as other investigators, had noted the excel­
lent results which attended th e use of chloroform for hookworm in­
festations. Pronounced toxic action following chloroform adminis­
t ra t ion, however, precluded its usc against in testinal parasites. H all 
reas oned its close chemical rel ative CC1~ might serve as all acccptahlp 
th erapeutic agent, and at the same tim e inflict much II's.'! injury 
upon the host. E xcellent results against dog hookworms in tests 
unaccompanied by untoward pathogenic condi tions moved him to 
advocate its trial for similar parasites of man. Twenty thousand 
successful treatments in Fi ji left no doubt as to its worth. Since 
then millions of individuals have profited physically f rom the bene­
fits conferred by this chemic al. CCl., has become the drug of choice 
in hookworm infestations, especially where Necator american us con­
stitutes the etiological agent. 

This drug readily lends itself to mass treatment because of east' 
of administration , th e fact that a saline purge can be given simul­
taneously, low cost, and r elativ e innocuousness . Furthermore. preg­
nancy need not be considered fl. contra-indicat ion. 

The sphere of usefulness of COl. is not lim ited t o hookworms. 
Oil of chenopodium is somewhat supe rior as r egard s Ancylosfoma. 
but CCL, surpasses the oil where Necator is concerned. While CCI. 
ants fairIy well for ascarids it jfol decidedly infer ior to ehenopodium 
in this respect. Owing to the superiority of the former in one field 
and the latter in another, th eir combination is often resor ted to for 
this dua l purpose. 

Sever al years IlgO Dr. Hall. dur ing the course of a conversation, 
in formed me that CClt serves excellently as a taeniafuge in hu man 
infestations. hut not for those of the tapeworms of domest ic animals. 
•Just. whv such a cond it ion should obtain is not clear. The dog for 
instance, serves as th e host of severa l members of the genus Taenia, 
Ill] fairlv closely related to the human forms T . saginata and T . 
solium , while th e eat harbors an other. Wh y should not th e same 
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material act equally "ell aga inst all these closely rela ted organisms 1 
Sli ght diff'erenees ill t he life history or hab its of t hese paras it es, or 
va r ious modi ficat ions in tIle environment . that is, the alimentary 
t ract of the host , may be r esponsible. 

Approximately two yNlI'S ago the opportunity of testing CCI4 as 
a taen iacide p resented its elf , :\ ma n well known in public li fe had 
on several previous occasio ns been unsucee sfully t r eated for tape­
worm infestation ( T . suginata ) with male fern . I then rec ommended 
the usual hookworm prescription of CCI I su it able for an ad ult, 
namely :3 ce. followed an hour later bv 11 saline p urge. The pat ient. 
fail ed to cooper ate to th e ex tent of preser ving the feces evacuated 
48 hours after t rea tmen t. H owever, he did infor m me th at tape­
worm segm ents can no longer be demonstrated in his stools. 

In an other instance a loca l phvsician had recei ved five unsuccess­
fu l t reatments of mal e fern for a T . saginata. infestation, He had 
lost. eonsidern bla weight . Sy mtoms of a lI CrVOllS nat ur e were pres­
ent , doubtless occasioned t o some extent hy the kn owledg e th at he 
harbored the pa ra sit e. The even ing before t reatment the pati ent 
partook only of a very lig ht mea l. Early th e following morning he 
was given 11 capsule contain ing 3 cc of GCI4• Within two hours the 
head had been passed . Two ot.her individuals received sim ilar treat­
ment for the same l'anse. Owing to circumstances thev could not 
he con tr olled , They were dire cted to re turn should segments reap­
pear in th ci r feces, Th is th ey have not done. On another occasion 
CCI , failed to expel a beef tapeworm . Later application of ma le 
fcrn proved successful. 

With a fairly extensive series of tapeworm cases Dr. Galbr eath. 
of the Presbvtoria n Hospital. Ran .Jltan, Porto Rico, has expe ri enced 
successful results on everv occasion hut one. H is dosage is much 
goreatpr thnn th a t rocommcnded in standard texts, n amelv 5 to 7 
grams instead of 2 grams. i\fagllth 1111(1 Brown recommen d similar 
amoun ts.' III none of Dr. Galbr eat hs CllSPS haw untoward symp­
toms hppn noted . 

Fasciola hepnt ic« the liver fluk r-. known locnl ly as "c\lca l'aeha ". 
pr obablv If'Yip. C'l'f'lltpr toll upon OUr domestic ruminants than any 
other helminth . Situated in th e hile <1uefs as it is. ordinarv means 
useful for intestina] parasi tes would not seem capable of displacing 
it . Mille fer n has al ready heen mentioned as a remedy. 0 0 14 given 
orally to sheep so affl icted exerts II. profound effect . Doses as great 
as 7 cc per 43-pound sheep give rise to no symptoms, such a quantity 
bein g well within t he limit of tolerance. Even an imals with ad­
vanced liver rot sustain a dosage of 50 ee without any difficulty. 
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Immat ure t rematodes remain unaffected. Cattle, which a rc t he 
principal livestock produced locally, stand the treat men t but poor ly : 
young animals seem more resist ant to the to xic effects of th e drug. 
Because it may be devoted t(l a var iety of anthelmintic uses CCl l 

may be considered liS one of the most valuable substances thus far 
put to such purp oses. 

FOI' some time it. seemed as t hough CCb wer e enti re ly innocuous 
except for slig ht concur rent feeli ngs of discomfort that. were oe­
casionally n oted . Lambert in F iji ga ve more t han iiO,OOO tr-eatments 
before a fata lity occu r r ed. 'Ph II tw o t.ook place within a week. 
Since then some have been recorded f roIII various parts of th e hook­
worm belt . Th e amoun t prescribed cou ld scarcely hav e been th o 
resp ons ible factor sin ce 2.fi to 3 cc is considered the proper am ou nt . 
Y et adults have succumbed from as .little as 1.fi CC, and ch ildre n 
fr om :l to 5 minims. On the oth er hand an ind ivid ual is kn own TO 

11l1Ve t aken a 40 ceo dose which caused no symptom whatsoever. 
.l\ lcoh ol ism, chr oni c or ot herwise. indicates a ri sk for CC1 4 medica­
t ion . An other- fac tor wh ich compl ica tes OCI ~ treatment is ascariasi«. 
I n eases of heavv in fest at ion hy Ascaris lsnubricoide« t his d ru g 
should not he used. Tn some hospitals of th e Orient T have been 
in formed th at ehenopodium treatment for ascaris expulsion consti­
tntes a routine procedure precPfl in g operations, in order to preven t 
the wan de r ing' of th e p arasites, or their forma t ion into mRSSCS so 
as to g ive 11Re to intest inal sta sis. Chlo roform st imnlates su ch 
behavior on th e part of the worms, Stating t hat CCI I ma y 0.0 th e 
SIiU 1' , Lamson , who has made thorough studies of t his d r ug. eVPIl 

/ZOPS so far as to advisr; again: t its j oint use with oil of ehenopodium 
for persons heavilv infest ed with acaris , 

I n other in stances dea ths or severe symptoms not att.rihuta hlp to 
the causes ennrnerated above, nor- to the presence of impurit ies. ha ve 
occur red . POl' a lon g' t ime the ctiolozv of th ese lav in doubt . Lam ­
son and his ussoeiates in ext ensive exper iments with rlo!!s. in sp it" 
of heavy doses. " ' ('1'1' uu ahlr- t o duplicate rho sy mptoms ocenrrin g 
spon taneously in man . 1'11('11 snddenly. regardless of thc qnant it~­
ing-ested . 11 nu mbe r of th e experimental an imals die d. Some of th e 
symptoms so 1 '10se1~r r esembled th ose of infant ile t etany that calcium 
deficien cy su gges ted itself as /I factor . Investi gat ion disclosed that 
the di et of the dog'S had been cha nged from one of mi xed scr aps 
to one of lean meat wit hou t bones. a ration low in calcium. T he 
re snltinz symptoms. even wh en pronounced. could hI' checked hv 
in travenous injection of CaCb W{' know that t he dailv food of 
many people, especially of those in a reduced economic state, often 



60 PORTO RICO JOURNAl, OF PUDT,IC HEAI,TH AND TROP. MEDICINE 

contains an insufficient proportion of this essent ial clement. A diet 
ri ch in calcium would go far t o prevent sequelae such as those men­
t ioned. However it would of necessity have to be given for some 
t im e before treatment, since ora l dosage lacks the rapid eurative 
eft'cct of all in travenous injection. Ammonium chloride. hydrochlor ic 
acid, an d parathyroid extract als o improve th e conditions brough t 
about by CC14 administration to calcium-deficient individuals, p roh­
ably th r ough their action upon blood calcium. 

nail an d Sch illinger have since introduced another carbon deriva ­
tive, ca rbon tet raehlorethylene (C~CI4) ' T his chem ical the authors 
assert is, if anything, slightly more potent against hookworms and 
less in jurious than CCll. Some who have tested C2Cl4 in cases of 
human infest at ion claim it possesses no super ior ity over CCl 4 as 
rega rds anthelmintic power, and that its administ ration is attended 
hy similar symptoms. Furthermor e it tends to form decomposition 
prodnets. C2Cl4 i. t aken somewhat more readily hy patients owing 
to it s pleasanter ta ste. 

Tn 11 personal statement Dr . Fan. t of Tulane University asserted 
t hat a recent pr eparat ion of C2Cl4 no w placed upon the market in 
1 ceo en te r ic capsules is fully IlS potent tow ard hookworms as COL,. 
and that it exerts practically no deleterious after effect upon the 
patient. It. is being used on an increasingly gre at er scale in the 
Southern States. Tn addition ' this product does not seem susceptible 
to decom position as was th e case with a similar comp ound tested 
several years previously . 

F ur production in the United States and Canada is a you ng but 
thriving industry. Helminthic parasites, esp ecially nematodes. have 
heen the cause of considerahle mor tality arnone foxes, the young 
being more susc eptible. Hanson has found C2 Cl~ to be fully as 
efficacious as nO l , in the remov al of hookworms, and more so for 
asearids. Even the young, suscep ti ble 118 t hey arc to thc effects of 
most an thelmintics, tolerat ed C20l 4 verv "·cII. 

Tho anthelmintic p ower of the chlorine hvdroearbons seems to 
reside in 1.111' halogen member of the compou nd. H all reasoned tha t 
if chloroform was effective. then CCl 4 might he more so. an d pos­
sibly Ie s toxic: all of which was amplv proved. Then he went a 
step fur ther wit h 02Ch which approximates CCl 4 in an thel mintic 
value. R exachlorethane, 02C1.1 on the other hand, with a still greate r 
chlorine content, showed no activity at all. These comparative 
stu dies demonstrated that an other factor had to be consider ed , na me­
ly solubility. The halogen hy dro-c arbons considered hav e the fol­
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lowing solubili ty in water: chloroform, 1-161 at 22° C. j CCli , 

1-1250 at 25° C.; C~ '14, 1-10,000 ; C2Cl tl , insoluble. In the t reat­
merit fo r intes tin al parasites th e main objective t o be kept in view 
is to employ a drug that is absorbed but litt le throug h the intestinal 
walls, 0 1' failing in t his, to permit retention of the compound for 
th e shortest period necessa ry in which to deleteriously affect t he 
parasites. In this way minimum absorpt ion takes place and t he 
gastric awl int est inal wall and t he organs l iable to damage escape 
prolong ed exposu re. It is for this reason that the simultaneo u or 
subsequ ent purge finds mployrnent. (For soma t ic 01' extru-iute..­
tinal parasite ', OIl t he oth er ha nd, th e principal aim lies in usin g II 

sub stance quite easi ly absorb ed .) W hen this phase is considere d i t 
is rea di ly seen tha t chlo roform is far too . oluble. while at the other 
extreme C2Cln being insoluble is inert. Much of th Cl4 is abso rbed 
and fina lly ixcr cted via t he lu ngs . Hall con iders th e rela ti vely 
in .olu ble C2Cl4 th e d ru g near est t hl' ideal solub ility from t he vi t'w­
point of treatmen t . 

'or relat ion bet ween chemica l eomposit.ion and ant helmintic effect 
has been noted elsewhere than amo ng th e hal o ' en hydrocarb ons, III 
t he benzene ser ies various substances hav e been shown to possess 
such properties, as for example t hymol an d beta-na ph thol. Such pow­
ers seem t o depend to no small extent u pon a ph en olic eoustituen t, 
in whic h th e hydroxyl'ep lays an important pa rt. If th ese phenols 
are este r ified or other wise mod ined, th e vermicidaI ahilitv is cit he r 
decreased or 10 t, 

Since santonin has for centur ies enj oyed hig h rep ute as an anth el­
iuiutie a few words regurdiug recent tests wit h the ch'ug might not 
he amiss. The ease with whic h it may he t aken and the fact that 
it causes no evncua tion of as 'a rids have combined to make it .1\ 

popula r' remedy. ITowever, santonin may he tox ic, and th erefore 
in common with oth er vermicidal drugs should be used with caut ion . 
F ur thermore its h igh cost militates again. t zenera l adoption. That 
it will remove asearids i. readil y admit ted. TTOWenl\' the effic iency 
of the compound seems far below that claimed for it. hy the con ten­
tions of commer cial firms. Schillinger, Hall , and others conclude tha t 
t he efficacy of san ton in aga ins t. th e ascarid: of swine and dogs show!' 
a va r iation f rom 0 to 46 per cent . Hall and Au gustine cla im it wns 
no more than 27 pel' cent effi cacious in removing II ca rids from man 
in H onduras when used in 3, 4, an d 5 grain doses, th e last men­
ti on d amount r epre entinz t he limi t of tolerance for an adu lt. 
Symptoms occurred in 7fi per eent of the individuals treated. Hall 
nd Seh illi nee r ('''n. ide!' t ha t. the drug i grossly over rated , an d 
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decidedly inferior to chenopodium in effectiveness against round­
worms, 

'I'h e last uu thehuiutie of vegetal ori gin is the sap of two fig 
trees Eic u« taurifodia and P . ylabrata, plants indigenous of Central 
America an d the northern par t of South America. Throughout the 
area of distr ibution the sap has for long been widely used by the 
natives to expel intest inal worms, Owing to rapidity of fermenta­
tion the substance coul d be used only locally, A commercial prep­
a ration ca lled . . H iguerolatex" has been marketed in Colom bia. 
'I'he clai ms for it are as follows: ,. A vegetal compound, ubsolut l\y 
harmless. A gene ral anth elmintic and powerful speci fic for th e 
r-xpul 'ion of such parasites as Necator am ericunus, Ancylosto ma duo­
denale and 'l'r icocephulus di spar." 

Hall an d August ine state tha t while many of the anthelmiu tics 
in common use r emove whipworms, yet th e action of these, at best , 
is VCI'y unc ertain. 'I'he difficulty apparently cannot bc ascribed to 
resistance, but to the fail ure of these su bstances to pass the ileocecal 
valve, They furt her sta te t hat in their exper ience only '< Leche de 
l/iY lluOn" succeeds in regularly forcing ont these parasites, t hough 
not necessarily a ll of t hem. Some su ccess wa noted with r egard 
10 asea rids, an d au occas ional hookworm was evacuated. 

Sinc e then Cald well and Caldwell hav e eonclusively showu that 
., Higuerolatex ' is all effect ive az ent against both t. rl churis and 
ascaris, On the basis of egg counts 85 to 90 per cen t of the former 
and 80 to 90 pel' cent of the latter were expelled . "Higuerolatex "; 
it woul d seem, as an ascaricide ranks second only to oil of chcno­
podium. TIll' Cald wells also established t.he fa ct that " Tl iguerol­
at ex " if kept cool and in a dark bot tl e, retained its efficiency for 
more t han a year . Th e prevailing impression regarding th is ma­
terial was that. it function ed in II mecha nical manner , because a 
successful result against the worms r equired the use of large quan ­
t it ies of th e sap. The r ecent r esearch es of Robbins hav e give n us II 

diff'ersn t conceptio n. The active princip le he has found to be a 
proteoly tic enzyme which actually dissolves ascaris in vitro in a 
dil ution of 0.1 per eent. A ' pH of fr om two t o three adversely 
affects th e enzyme. This would accou n t for the large amounts 
needed for treatm ent, sin ce muc h of the p ri ncipl e is destroyed or 
modified during passage through th e stomach. P o, sihly in the Iu­
ture we may expect the preparat ion of t hp l'l ct ivc principle fi liein 
in ent er ic coated capsules. 

John son and Hodge (1913) synthesized a nu mber of alkyl re­
soreinols. Following some promising work of Rettger, Veader 
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Leonard studied the group. He discovered that with the add it ion 
of alkyl radicals the bactericidal powers in creased and the toxicity 
fell. Ratcliffe applied these researches to the flora an d fauna of 
rats, The protozoa commonly found in the in testi ne of the rat are 
the flagellates Trichomonas m uris, 1'. parva, and the ameba Enda­
moeba mu ris, all of which occur in the cecum. E. niuris in both 
morphology and habits approximates E. coli of man, .V-buty l resor­
cinol, when added to the ration of experim ent al animals, eliminated 
l!:. niuris and '1'. niuris, and decreased the numbers of T . parvu. .\'­
buty l resor cinol caused such intense intestinal irrita ti on that the 
rats lost weight rap idly due to re fusal of food. The others, hexyl, 
heptyl an d oetyl r esorcinol caused no disturbance of t his type. \\' ith 
increased alkylat ion the effect upon protozoa became more pro­
nounced . All caused t he disappear ance of aciduric ( B . ocidopli it113 ) 

bacteria, but the lactic fermenters (B. alkiligenes ) in cr eased propor­
tion at ely with the alkylat ion. 

Ratcliffe's findin gs interested me, and at Illy request Dr, Leonard 
sen t a large quantity of Di-hydrano l, which is n-heptyl r esorcinol 
(2-1 dihyd roxy phenyl n-hep ta ne ) . T hree infections of Triclunnouas 
JlOminis responded t o Di-hydranol, and th e feces of the cases COIl­

cer ned have remained negat ive over periods ranging' h om two months 
to a year. An Endamoeba histolyficn infection likewise cleared up. 
Xo ameb ae could he found in stools a shor t tim c after the initiation 
of treatment. Then the pat ient departed fro m Por to Rico. Sub se­
quent examination in New York demonstrat ed that she had con­
tinned to improve. Administration of Di-hydranol caused the dis ­
appearan ce of vegetat ive forms of the in test inal flagellate Giardia 
fambhu.. Cysts were never encountered. Diarrhoeic symptoms a lso 
disappeared. T wo days after the compound. was first given a few 
dead organisms were fou nd in the stool. Three days later none 
could be found , and during the following six months the feces cou­
tinned to be negative. 

F aust in a series of experiments concluded that Di-hy dr anol 
exerts a specific ac ti on upon Endamoeba histolyNca, Iodamoeba wil­
liamsi, E ndolimax na.?Ul , an d Trichomonas lumiinis of the human in­
test inal tract. Protozoa with more resistant cyst capsules such as 
E ndamoeba coli and Giardia ltunblia seem less amenable to t he action 
of the drug. 

That the alkyl resoreinols show some catholic therapeut ic ten­
dencies is clearly demonstrated by Lamson an d his eo-workers. 
They have succeeded in re moving 100 pel' cent of the ascarids from 
16 to 17 dogs, and 90-JOO per cent of the asearids fr om 20 patients 
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with Hexylresorcinol. Su bsequent studies by the same group am­
pl ifj" th eir ear lier findings. Cry tills in am ounts of fro m 0.5 to 1.0 
gm. placed in gelat in capsules seem to confer the best results, No 
food should be ta ken by the patient the morning of treatment, nor 
for at least two hou rs afterward. The ease with which Hexylresor­
cinol combines with proteins account s for it s lessened efficiency under 
su ch conditions. ~olv ent such as vegetable oil or glycerin likewise 
reduce its asca r ieidal properties. 

Gentian violet as a means of treat ing various bacterial infectious 
has been kn own for some time ; but no t until a re latively recent 
date has it been tried · with an y success agaiust an imal parasites. 
F aust and Klaw in I D::!7 fou nd it of valu e for ri dding dogs and ca ts 
of Clonorchis sinensis. F aust and Yao had test ed a. number 'of chem­
icals on experimental animals. In th e one human case mentioned 
they succe ded in efl'ectiue a r educti on in the egg coun t with gent ian 
violet though not ent irely eliminat ing them . In his text on hu man 
helminthology Fau t advoca t es the ora l administration every other 
day of this dye in 30 mg. doses, the total dosage not to exceed 
3UO mg. per kil o of body weight, these to be given as en ter ic coated 
pills. Intravenous injection every other day in amounts of -10 ce., 
0.5 of a p er cent solut ion until a total quan tity of 6 gr ams has 
been giv en, is also recommended . By these methods cases of rela­
t ivelv recent origin may be completely cure d . I n chronic eon dit ious 
the gentian violet does not gain acee s to th e worm s nearly as readily , 
and their total eliminat ion is therefore seldom accomplished. Olivier 
uud Kundou in JaY a confirmed the exper imental wor k of Faust and 
his colleagues in a ser ies of 18 clonore lris in fected patients, all 1)1' 
whom showed marked improvement. 

•'t ron gyloides ( A 'llg ll ill ula) stercorol is has always successfully 
resisted all attempts to di sp lace it from th e intest ine. De Langen 
a fte r noting th e favorable results obtained by Olivier and Kandou 
with clonorehis infestations decided to mak e a trinl of gentian violet 
against st rougvloides . In a group so affect ed ora l dosage of 0.1 to 
u.a gm. three to five times a day caused the disappeara nce (If mor bid 
symptoms and eosinophilia in a most str-ik ing manner . All occasional 
la r vae could still he detected in some of the stools. At" 'cw Or leans 
where strongyloidss in festa tions can be fr equently encount ered F aust 
exper-ienced equally successful resu lts with the same remedy. 

Giardia lamblia, a flagella te, is the one intestinal protozoan ex­
cluding E . k isfolyfi('.(1 and B. coli, to the pre ien ee of wh ich ma ny 
inv est igators are inclined to a. .ign a pathogenic role. Zahorsky awl 
l\fcLoon emphasize its coincidence in child ren with diarrheic syrup­
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t oms. 'I'hey also poin t out tha t Wenyon and 0 'Connor in the Far 
East obtained fair ly sucee sful result in eliminating giardia through 
the use of bismuth sa licylate, In t il recent ly t lri therape utic hint 
had apparently passed un noti ced . Zahorsky and ~lcLoo n also cleared 
up several in fest at ions with the chemical. 

About thr ee years ago a man of middle age, engineer of an ocean­
going vessel, was s snt to this laboratory for a stool exa mi nation. 
The sample submitted seemed to cons i st al most ent ire ly of giardia 
cysts , so severe was th e infestation. Th ese find ings fai led to sat isfy 
th e physieiau cuncerned ; and the pa t ient was again sent t o the 
School, this time with the request that th e patient be examined for 
sprue. . 'f Ile findings were negative. The patient was suffer ing [1'0111 

a constant diarrh ea, and had lost COil ridera blc weigh t. E fforts in 
favor of treatment for the flagellate infestation finally preva iled. and 
hismuth salicylate at th e rate of 0.5 gill. th ree times a da y was 
advised. 'I'wo weeks later. upon a return jou rney, the seama n was 
much imp rov ed in appea ranc , and no longer suffer ing (rom diur­
r hea, submitted another feca l sam ple. On th is occasio n only a few 
cysts could be not ed. Th e pat ient apparen tly had contin ued to im­
prove since he fai led to appear again as request ed, 

For a long ti me para siti cida l substane '8 of vegetal natur e have 
enjoyed greatest use. They also constit ute t he bases of ma ny t hera ­
peutic agents employed fOI' these pUI'pU.es. Ho wever. a n umb I' of 
synthet ic preparations have come into use, .ome of which have pro­
vid ed means of attack again t in test inal parasites, upon which a ll 
npposing methods had been un sueces ful . \ ti me goes un the la tter 
will probably play an increasingly greater part in this field of 
medicine. 
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