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THIOCYANATE EXC ] ETION I N SWEAT IN 

CYSTIC FIBROSIS 

Cysti c fibrosis is a dise a se which affects many or 

all of the exocrine glands of the body, 2 including the 

pancre as, eccrine swe a t gls nds, s 1, livPry g lands , and the 

mucus glands of the respiratory tree . Most of the cases 

found qre in infants and ch ildren . Kessler and Andersen 

in 1951 first re 7or ted the sus c eptability to hot we ather 

of persons wit~ cysti c fibrosis . 10 In 1953 di Sant ' Aisnese, 

et al , r eported that t h e si-rn at of fibrocystic I s contains 

two to four times ..., s much sodium and chlo::., ide a s thci t of 

normals, but the volume of swe a t is within the rang e of 

normal . 4 It has been s uggested t hat t he ex ces s ive excr e 

tion of chloride ion is due to failure of reabsorption of 

chlor ide in t 'le s we 2t tubule , and tha t the r nte of sweating 

is not unusual in cystic fibrosis . 2 Salt loss during hot 

weat her is believed to ac coun t for t ~e finding noted above . 

Thus f or several years determina tion of swe a t cl'1loride , 

as c escr i t ed by Gibbs 6 and others , 1 ' ll , 13 has been used 

as a reliable diagnostic test for cystic fibrosis . 

The exo crine gla nd abnormality has not yet been deter

mine d . It has been suggested t hat there is a defect in an 

unident ified enzyme s ·tstem concerned with energy re ouired 
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fo r r e t ention of elec t ::;:>olyt e s by t he swe a t _::; l ands . 9 

Thes e aut"1.ors c al culate t hat a s od i lli"'n co n centr ation o f 

100 me q/L a s s e en i n cy stic f ibr o s i s requires a n i n i mum 

ex Dend i t ure of ener gy by t _c s i-reat g l and . A r e c ent r e

port i ndi c a tes t h qt t ~ere is a vita~ in E deficiency i n 

cystic fi 'Jros is and o t her d i seases , and as v i t ar1L1 E has 

a Po l e i n var i ous re s piro.t ory enzyme systems , this may 

fu:.•:ciish a clu e t o t h e pat hogenesis of t he di sease . :1ow

ever , t h e vitamin E defi c ien cy i s m'" :::· e li'rn l y s econdary 

t o t he steat or ~1.ea resulting fr _~;1 p ancre a tic exo crine 

d e f ic iency . Ot h er s tud i es have been conduct ecl in an a tt er:1p t 

t o delinen.t e t he exact e n z~7-r.1e def iciency .7 

Tho pr e sent s t udies uere undertaken t o f tu•th e r char

a cterize the sweat ab nor rmli t ie s in t h i s diseas e . It wa s 

of i n teres t t o us t o de ter mi ne i f anions o t h er t hen ch l or i d e 

are excrete c" i n exc e s sive quantitie s . Li t t l e dat a c on

c er n i ng t h i s i s availabl e , but it }ms been shown t h a. t 

i odide i s handle d s i mi la:::· l y to ch l o :::• i de 'oy f i br o cyst i c 

s i-.reat gl ands . 7 Th e anion chosen fo r t hes e studi es was 

t h iocyana t e , whicl~ is quickly abso r bed f r om the gas tro

intes t inal t rac t and dist1 ... i buted t ·~r oughout t h e e x tra

c e llular flu i d .5 This ion h a s be en sh own t o b eh ave simi 

lar l y t o h aloge ns in t he b o dy . 
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:METHOD 

Two groups of subj ects we2.0 e utilized . One group 

consisted of pat i ents shown t o have cyst ic fibrosis by 

clini c a l and l a bo ·a to:r.· y mee1ods . Ot -,.,er natients uere 

selected as a c ontrol group . These patients had. v a rious 

diseases , but ·were in general ly goo d heal t h and good nu

tr i tion, had n o t re ce ived steroids or s a licy l a t es , and 

did not hav e known renal or adrenal d ise ase . 11 tests 

were conducted du r ing t l1e summer or early fal - , and all 

uatients wer e on a general d iet . 

The subjects uere a l l given 10 ml ./square meter body 

sur face of elixer of 4% sodiu..~ t h i o cyan a te orally , a dosage 

c a lculated t o g ive a 6- 7 mgfb blood level of t h iocyanat e 

with in 2- ~ hours af t er ingestion . Two to f o1.,1r hou .. -· s l a ter 

t hes e patients were s uea. t ed for a 20- 30 minute period, 

using t he me thod adv0 c a.ted oy Gi bbs . 6 Irmned i ately after 

s weating , 5 cc. of venous bl ood was dr awn , allowed t o clot, 

and tho serum : emoved . Bo t h swe at and s e ru..rn were care

fully sealed and froz en until t he de terr,1inat i ons were made . 

In seven patients , s ar.1~) l e s of serUfil were obtained before 

t hio cy o..nate uas g iven , and s erum b l anks l·Jer e determined . 

Howev er, t he se samp les did not give a sign i fi c ant color 
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reac tion for thiocyanate , so this procedure was omitted 

for the other subjects . 

Thio cyanate wa s determined using a mi cro modifi c 3tion 

of a well known metho ct . 14 The p;eneral pro c edure was as_ 

follows , and wa s the same for swea t a nd serum: To a tri

chloraceti c a c id c entrifugate of sweat or serum in a 

cuvette , a 10% solution of ferri c nitra te WP S added. The 

color was a lloued to develop in the dark for 15 minutes , 

and then opti cal density readings Here t a ken , using a 

re agen t blank , at 460 mmi cra with a Be ckman model DU spe c

tophotometer . A st a ndard curve was obtained in a similar 

manner usin~ standard thiocys.nate solutions , and from this 

curve the concentration of thiocyan 1.te in the samp les was 

obtained . A si-rn a t/serum ratio was then determined . 
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RESULTS 

Figure 1 lists the results obtained in eight control 

subjects and seven fibro c -stic s . In the control group 

s weat/serum ratios for thio cyanate ranged from 4.7 to 

19 . 9 with a mean of 11 . 0 and standar d deviation of 5.6. 
The diagnosis in t hese cases is listed . In t he fibro 

cystic group the sweat/serum ratio wa s almost uniformly 

hif;her , with only one value falling within the control 

grou-'1 range . The mean v 2.lue 1-Tas 37 . 7 and d1-.e portly to 

two very high value s ; the standEu'd devi ation was 22.9. 

SHeP.t chlorirle levels are given 1·or t11e 1·1.b1"ocystic patients . 

'l'he normal r ange for swe a t · chloride is 10- 3,::.; meq/L while 

t h e levels seen in fi brocystics are 50- 110 meq / L. 12 

Statistical analysis r evea~s t hat t hese results are 

signifi cant in excess of the 1% level, as the re l ative 

deviate of the s tandard error of the means is 3.4. 

-5~ 



THIOCYA ~TATE SWEAT/SEmnI RATIO 

CONTROL FI 3ROCYS TIC 

Sweat Chloride 

68.4) 
meq/L 

J . B. .5 . 1 Intake obesity B. B. 133 D. B. 4 . 7 Col nic polyps B. B. 31.9) 
J • C • 9 . 2 Cerebral palsy p . B. 23.2 116 
A . C. 11 . s Achalasia B. G. 72. 0-li- 121 
D. C. 19 . 9 Recto - urethral fistula M. A. 46 . 4 113 
C. A. 8. 6 :Sronchitis R. B. 21. 8 195 
B. M. 18. 5 Bronchitis L . B. 24 .. 1 110 
J. z. 10 . _5 Normal D. L . 17 . 7 68 

B. G. 33. 6~- 120 

Megn 11 . 0 Mean 37 . 7 

Std . Std • 
Dev . .5 . 6 Dev . 22 . 9 

Fig . 1 . Swe e t/Serum. x 100. 

-1~---Same p8.tient with tests p erf'o rmed t hree years apart . 

~-- - Sar.ie nat ient wit·:. tests performed sever al days apart . 
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DISCUSSION 

Ac cording to this lvidence and other data already 

mentioned , it is evident that the abnormality in the ex

cretion of swe a t in fibro cy sti c disease inc lude s an 

excessive e 7 cretion of c e r tain ani Jns , b 0 th endogenous 

and exogenous . This abnormality inc ludes e x c ess excret ion 

of c ertain e r~ tions as well , particul grly so d ium, and one 

might spe cula te that many other anions and c a tions are 

similarly handled . 

Of the c ations studied , however , there is none in 

whi ch the a½normality c orresponds to t ha t of sodium as 

c losely as the abnormality of thiocyanate and iodine cor

resuonds to t ha t of chloride . Th e p otassium levels in 

swea t in cys t i c fibr osis average only about 50% higher 

than normal 4, ann c al c ium lev els a.:r>e only slightly elev a ted8 , 

whe~e Rs sodium v alues are 2.5 times norma l . 4 On the other 

hand , values for chl~ride , 4 iodide, 7 a nd t h io cyanate average 

4, 4, and 3.5 times normal , respe c tively . The signif i c ance 

of this observation is not ye t definite . However , with 

further eluc idation of t h e trans~ort systems involved for 

t hese ions , the defec t may be come clear . 

It is thought that the abnormality of sodium, chloride , 
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iodide and thio cyanate is due to a failure of reabsorbtion 

of excreted ions , rather than excretion in excessive con

c entre tion . The me chanism for t h is malfunc t i on is not 

known , but may involve an ener~y produc ing enzyme system, 

and is nroba.bly c ommon to t ~ e defe c t in the various exo 

crine glands involved in this disease • 

.:. s_ 



SUMMARY AND CONCLUSION 

Utilizing a well - known method , s arnples of swe at ob

tained from a group of subjects wi t h cysti c fibrosis and 

from a group of controls were analyzed for thioc:ranate 

ions after the sub jects had re ceive d an elixer of thio

cyanate by mouth . SerU,"11 t h iocyRDa te concentr•ations we:;:,e 

also determined e llowing a swe a t/serum ratio to be deter

mined fo r each sub ject . The r esul ts of t hese experiments 

are Dresented and their signific ance is dis cussed . Other 

pertinent i nforma t ion in t h e liter2 tu~e con cerning the 

pathophysiology of cysti c fibrosis is nresented and dis 

cus sed . 

The evidence ure::::- ented in t h is paper ind ic2tes t hat 

t h iocyana te ion is excreted in higher concentration in 

the sweat of subj ects with cystic fibrosis than it is in 

normal persons . 
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