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Pyrazinamid e ~ ",as synthesized at the Lederle Laboratories hy 
Kushner et al. (5) in the search for synthetic compounds with possible 
anti tuberculosis activity. Jt is a diazine cal'boxamide related to nico
tinic acid, differing from nicotinamide in chemical structure in that a 
carbon a tom in the para position is r eplaced by one of nitrog'<'ll. 

OH NH2 NH2 

I I N O_c=o O_c= 0 0-1=0 

N N 

Nicotinic acid Nicotinamide Pyrazinamide 

The tuberculostatic activity of pyrazinamide (PZA) WH ~ esti mated (~) to he about 
three times g reater than that of p-am inosalicyli c acid (PAS) or nicotinamide, but sub
stantially lower tban that of streptomycin. Malone et al. (6) demonstrated that in ex
perimenta l tuberculosis in mice therc was a significant prolongation of survival time and 
considerably less lung involvement in anima ls treated with PZA than in the un trcated 
controls. Dessau et al. (3) tested PZA aga inst experimenta l tuberculosis in the g uinea
pig. When given in the diet, it was slightly less effective than 4-·1'-diaminodiphenyl 
sulfone (DDS) but more effective thHn P AS and nicotinamide. "When injected suhcutane
ously it was less effective than streptOlllycin . Toxi c effects were absent although the 
guinea-pigs receiverl f rom 30 to 900 Illgm. / kgm. daily. . 

Yeager et al. (10) treated with PZA 43 patients su fl'e ring f rom active p ulmonary 
tubercu losi . The admi nistration of the drug was promptly followed h:v a r apid reduction 
of temperatu re, and Ie sening of severity of cough and quant ity of ;;putum . Its effectivc-

t Now Director, Bureau of Disease Co nt ro l, Ph il ippine Depnrtment of H ealth . _ 
o 'rhe proprietnry nam e of the Lede rle Lnborntori es, Amc ri cn n Cyn nnmid Co., for this drug 

is Aldinnmide. 
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lI ess wn s ap parently ulIHff'ected by rcsiMtanee of the tubercle bacilli to streptomycin. 'fhe 
usefulness of PZA wa ::; found to be limited, however, by .I"npid emergence of drug-resistant 
bacilli . The toxi c reactions that were noted were all mild. J aundi ce occurred in two 
patients, preceded by anorex ia and lassitude, one after 142 gill. of PZA had been given 
over a p eriod of 42 days; the other afte r 159 g ill. in a period of 87 days. Recovery 
followed discontinuance of the drug fmd there was no evidence of hepatic disease in these 
patients, s ix and eight II1 0nths Inter. 

A combination of PZA and isoniazid (INH ) wa. shown by McDerm ott et 01. (1) 
to be highl y effe cti vc in cxpe rimenta l tuher<."ulosis of Illi ce. ];'nvorHhle resul ts with this 
comhinati on in hUlll l1n tubercul o. is were 111'0 r eported by Schwa rtz and Moyer (0), 
Ca mpl1gna et aZ. ( I), a lld Phi li ps el Ill. (8). 

Chang (2 ) studi ed the suppressive activity of PZA in experimelltll l IIlul'ine lep rosy 
Il lld foull d that the drug had a deg ree of act ivi ty similar to that of INH tlnd ni cotinamide 
and superior to thnt of streptOlJl ycin . H e suggested clini cn l t ri al of P ZA a nd of ni cotina
lIlide in human Ipp rosy. 

PR I':~ENT ST U DY 

The therapeutic activity of PZA in tuber culos is a nd in murine 
leprosy made it obviously desirable to test this drug in human leprosy. 
The emergence of resistant strains in tuberculosis and the favorabl e 
r esults with combined PZA-1NH therapy suggested the advisability of 
using thi s combination of drugs. :-;tudies of the combined effect of PZA 
and JNH ~w ere ther efor e ca rried out at two leprosaria in the Philip
pines, the Central Luzon Sanitarium in Tala, Luzon , and the I£versley 
Childs Sanitarium in 'Mandawe, Cebn. 

Treatment was given fo l' 24 weeks; at Central Luzon f rom Xovembel' 14, 1955, to 
April 30, 1956, and a t Eversley Childs f rom October 31, 1955, to Ap ril 16, 1956. 

Selection of potients.- At each institution 30 patients were selected, nil su ffe ring 
f rom the lepromatous type of the disease, bn cteriolog ically positive and lepromin nega
ti\"e. The pati ents a t each institution were divided into two g roups which were matched 
carefully in respect to chara cteristi cs tha t might nffect prognos is. This matching was 
clone at the Wnshington, D. C., office of the Leonard Wood Meillorial. TIl(' chnracteri st ics 
that were g iven p l'in cipa l weig ht were sex, age, stage of clisease, and prior sulfone t reat
ment. At Eversley Childs olll y 4 of the 30 had had sul fo nes, and at Centrnl Luzon on ly 5. 
By co ip tossing it was decided tha t Group A fit each in. titution would be givC' 1I PZA and 
JXH and Group B the referenc£' drug, DDS. 

Dosage.-1'he dosage of PZA wa s 30 mgll1. pel' kg m. body weight and of I NH 5 
1lIg'1II. per kgm. throughout the p eriod. The dosage of DDS commenced at 50 mgm . dai ly 
and incr eased to a maximum of 200 mgm. dl1ily nt the beginning of the tenth week. All 
drugs were gi\'en by llI outh, find none wns g iven on Sundn ~'s. 

:rests of lir e!' ! lInclion.- At Central Luzon, the urine of every patient of both g roups 
who completed therapy was negati ve for urobilin by I ctotesta and within normal lim its 
fo r urobilinogen by the vVall ace-Diamond method in examinations made before therapy, 
ancl nt the end of the 8th , 16th and 2-Hh weeks. Cn tnrrhal .inundice wns noted nt the end 
of the 16th week in one pntient of Grou p B (DDS), but the resul ts of the urine tests were 
normal at that time, Unfo rtunately, thi s patient left the institution shortly thereafter 
without p ermission. 

At Evcrsley Childs the urine of every patient was negativc for urobilin by Ictotest 
on prelimi na ry exa mination, and that of every patient of Group A who cOlllpleted treat
ment wns negative abo at the end of 'the 8th , 16th and 2.J.th weeks. The pntients of 

3 I etotest is n bra nd n nme of the Am cs Company, E lkh nrt, Tndia nfl, fo r a tl1b let contai ning 
p-nitroben"Lene cl ifl zonium p-toluene sulfonate ( "Bilazo" ) . 'l' ho rea cti on of bilirubi n in tho 
urine wHh the diazo co mpound produces a Jlul'ple color within 30 seconds. After thnt tim e 
n egative urin es JIln ), gi\"(~ :1 pin l< color whi ch sllO ul d be disreg:1J'ded. 
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Group A wcr e not tested during thrrapy. Qunntitntive sc rum bilirubin cstim a ti ons were 
ma de on th e blood se rum of each pnti ent of GI'OUP A a t the cnd of the 8th and 16th weeks. 
In all cases th e quan t ity was less th an 1.0 mgm. pel' 100 Ct. J nundi ce wns not observed 
in any p a ti ent of either g roup . 

O/hel' la bomtOl"!J test8.- 0ther laboratory tests wcre perform ed befo re and during 
thera py, including hemoglobin estimation,;, rcd ('cll ('ounts or p a(·kcd cell volume, sul fo ne 
deterlllina ti ons and routi ne urin e exa minn ti ons. 

Eight sites wcre exnmined fo r .1[. I('pl'ae befo n > trcatJll cnt, a t th e end of th e 12th wrek 
and nt thc end of th r 24th wr t'k. These sitt's wr r(' st'le('tl'fl nnd th r smcnrs stninrd , eXHl II 
incd and g rndecl in the sa me wa y as in the Clinit al E vnluati on S tudi es, F irst Seri c~ . ns 
des('ribed by Doull et 01. (4) . One site on each side of tIl(' nasn l s('ptUln , OIl(' on ('11(" h 
ell rl ohe, Il nd four opti onal sites (' Is('wh ere werc includcd. 

PhY8 iNIl I'.caminalionl'l.-Derma tologic and neurologic cxa minations w(' rc IIlnde Ilt 
monthly intervals by the resca rch Icprologists (J. V. F. a t Ccntrnl Lu zon and .J. G. T . fl t 
E vcrslcy Childs). Se rving as consultllnt leprologist , onc of us (J . G. '1' .) (>xHmin ccl th e 
pa ti ents Il t Centrll l Luzon befo re comlll cncelllent of th cmpy and Ilt the cnd of 2+ w('('ks. 
Anothel' of us (.J. N. R .) in a similar ca p ac ity, made th ose examina t ions at E ve r~ l cy 
Childs. The nll ture of th e t reatment given to fl pa ti ent was not di sclosed to th e consulta ll t 
until the fi na l eXllminati on WflS completed. 

P hotogmphs.-Color and black-and-white photogr ll phs werc made during the pre
liminary p eri od a nd a t th e end of thera py. 

Recorcl kepping.- R ccords of clini cll l and InbOl'atory l'esults were kept on forms 
simila r to th o .. e used in the fi rst seri es ( ~). After complction of thel'a p y th('se r eco rd s 
werc sent to th e 'W ashing ton offi e(' of the Memori al fo r anal ysis. 

Dl'opped patients .- At Central Luzon, 7 patients, 3 of Group A li nd 4 of Group B , 
left the institution without p ermission during the study. At E versley Childs, 1 p a ti en t 
of Group A lC'ft without permiss ion. All other pa tients completed .therflp.v . 

RESULTS 

Clinical changes .- At the conclusion of therapy the consultant made 
a complete r eview of the clinical findings for each patient. Basing his 
opinion on these findings only, he then entered his final judgment on the 
r ecord as improved, stationary, or worse_ Degr ees of improvement or 
worsening were defin ed as slight, moderate or marked. ~n1ese opinions 
are summarized in Table 1'. 

T ABLE I.- Clinical status aftet· 24 1ueeks thempy with PYl'azinamide-isoniazid (Gr01tp A) 
and DDS (Gl'01tp B ) at Centm l Luzon and Evel'sley Childs Sanitcwia. 

Centra.l Luzon E versley Childs Both institutions 

S ta tus A B A B A B 

Improved -! 2 2 7 6 9 
S ta tionar y 7 6 8 ] 3 16 
'Vorse l' I ' 6 b 0 7 1 

Totnl 12 11 14 15 26 26 
Abscond ed 3 4 1 0 4 4 

Grand total 15 15 15 15 30 30 

• S ligh tly. 
b Sligh tly, 5; moclera tely, l. 

It is evid ent from in spection of Table 1 that as far a s could be 
judged on clinical ground s at the end of 24 weeks, combined thel'a p y 
with PZA and lNH did not give r esults superior to those obtained with 
DD. '. ~'h ere is in fa ct a suggestion that the PZA-INH r esults were i11-
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ferio!". At hoth ins titution ~ takcn together , 6 patients of Group A im
provN] as compared to 9 of Group B. For thc cases in Group A the 
signs of worsening wer e increase in infiltrations, or the appearance of 
ncw plaqucs, or both. In the single patient r ecorded as moderatcl~r 
'worsc, a lepromatous ulcer of the skin occurred, in addition to incr case 
in illfiltrations and plaques. . 

rrhc paticnt of Group B who became worse showed new r eactional 
plaqu cs on thc cxtrcmities, and lcpromatou ulccr s on thc lcgs which 
wer c not prescnt on thc p[' eliminar~r cxamin a tion . 

B acte1'io logic changes.- No patient becam c bactc riolog i call~' ncga
tivc a t all of the cight sites r cgularly examined. The proportions of 
s ites that werc ncga t ivc, or slightly or modcrately positivc (YS, 1+, 
2+ ) and heavily pos itivc (3+ , 4+) on prcliminary examination WCl'e 
maintained at about thc sam c lcvcls at the final cxaminations. 1'hat is, 
ther e is no evidence that significant bacteriologic improvement or 
worsen"ing occurred in eithcr group at eithcr institution. rrhe percent
age distribution of sites according to bactcriologic findings bcforc and 
after therap.v is given for each in stitution in rPahl e 2. 

TA HL~~ 2.- Pel"l"en t,(1Jg es of sites negati vej VS , 1+ OJ' 2+ positive, and 3+ 01' 4+ 
posit ive, on p?'e lim il!a'I"Y e.rami?H(,t ion (/li d ofte?' 2·f- 1I'eek.< t'i'eatm('n t, fO?' p otients of 

G?'ou ps A an d B a t eal'h 'ills t itl/t ion 11' 11. 0 completed the'l"a pYj eight sites on 
each patient . 

F or all 8 sites 

GI'OUp A (PZA-I NH ) Group B (DDS) 
Results Cen tl'H I Luzon Evcl'sley Childs Central Luzon E ve rsley Childs 

of smcars 
Prelim. 2-l-wk. Prelim. 24-wk. Pl'elim . 24-wk. Prelim. 24-wk. 

Nega ti ve 1.0 4.2 7.1 5.3 - - 3.3 6.7 
VS, 1+, 2+ 41.7 45.8 44.6 56.3 30.7 44.3 46.7 57.5 
3+,4+ 57.3 50.0 48.2 38.4 69.3 55.7 50.0 35.8 

Total 100.0 100.0 99.9 100.0 100.0 I 100.0 100.0 100.0 

SUMMARY 

The therapeutic value of combined therapy with pyrazinamide 
(Aldinamide) and isoniazid (TNH) was compared with that of 4,4'
diaminodiphenyl sulfon c (DDS) in a 24-weeks ' study. Only Icpromatoll R 
patients wer e treated, and duplicate experiments wer c carricd out, one 
a t th e Central Luzon Sanitarium and the other at the Evcrs l c~T Childs 
Sanitarium in the Philippines. 

Of 26 patients completing therapy with pyrazinamide and isoniazid, 
6 showed clinical improvement, . 13 had r emain cd stationary and 7 had 
become worse. Of 26 treated with DDS, 9 showed clinical improvemcnt, 
16 had r emained stationary and 1. had become wor e. 

No significant bacteriologic change occurrcd in either group at 
r ither institution. 
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For the dosages used, that is, 30 mg-m. per kgm. bod y weight of 
pyrazinamide and 5 mgm. per kgm. of isoniazid, treatment with p)'r a
zinamide and isoniazid was well tolerated, no evid ence of toxicity hav
in 0' been noted. 

ImSUMEN 

En un es tudio qu e duro 24 emanas e comparo el valor terapeutico 
del tra tamiento combinado con piracillamida (Aldinamida ) e isoniacida 
con el de ]a 4,4'-diaminodifenil-sulfona (DDS) . No se tra to Dla s qu e il 

enfermos lepromatosos, y los experim entos se llevarona cabo en dupli
cado : uno en el Sanitario Central de Luzon y el otro en el Sanitario 
gver sley Childs, ambos en las Filipinas. 

Dc 26 enfermos que terminaron e1 tratamiento COil piracinamida e 
isoniacida , 6 r evelaron mejoria clinica, 13 permanecieron cs tacionados 
y 7 empeoraron. Dc 26 tratados con DDS, 9 mostra ron mejoria clini ca , 
16 permane.cieron estacionados y 1 empeoro. 

No hubo importantes alteracioncs bacteriologicas en ninguHo de los 
dos grupos en uno u otro establecimiento. 

A las closis usadas, es decir, 30 mgm. de piracinamida pOl' kg. (I e 
peso vivo y 5 mgm. de isoniacida pOl' kg. de peso, el tratami cnto con 
piracinamida e isoniacida fue bien toler ado, sin qu e se notaran signos 
de toxicidad. 
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