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TABLE I. 
Eff ect of Isomeric Thiocyanobenzoic Acid and the 

Thiocyanate Ion on Cytochrome Oxidase. 

Effective conc. for 
cytochrome oxidase 

Compound inactivation, mg % 

Sodium tliiocyaiiate 5000 
Ortho - thi oc yanobenzoic acid 300 

6 Meta- ,, , ¶  

0.18 Para- 7 1  7 :  

zoic acid shared this activity. In  concentra- 
tions of from 1-7(XTO to 1-loo0 the decolori- 
aation time for methylene blue was approx- 
imately doubled. This property is not shared 
by the thiocyanate ion ( I ) .  

A suspen- 
sion of rabbit's brain brei supplied the cyto- 
chrome oxidase. I ts  activity was measured 
by the Nadi reaction. The reaction was al- 
lowed to proceed for 5 minutes, at 25°C. At 
the end of this period the absence of color 
compared with a control was considered in- 
activation of the oxidase. 

These studies show that the thiocyanate 
ion is ineffective in inactivating cytochrome 
oxidase. Ortho-thiocyanobenaoic acid exhib- 
its little inhibition of cytachrome oxidase ac- 
tivity. The para co8mpound, however, shows 
a powerful nullifying action on cytochrme 
oxidase. This compound was shown to be 
free from any contamination with cyanide by 

EBect on cytochrome oxidase. 

chemical means. 
Discussion. The thiocyanate radical at- 

tached to a phenyl group is a potent depres- 
sor agent, if the radical is meta or para, to 
the carboxyl group. The ortho compound 
does not share this activity. The relaxant 
action of the three isomeric acids on smooth 
muscle appears to be of the same order of 
magnitude. Brain reductase systems are in- 
activated by small ooncentrations of each of 
the isomeric acids. However, cytocihrome 
oxidase is 'inactivated by the meta and para 
compounds but is not strongly affected by 
the ortho acid. Indeed on the blood pres- 
sure and on cytochrome oxidase the action of 
the ortho acid is somewhat similar to the 
thiocyanate ion and markedly dissimilar to 
the meta- and para-thiocyanobenzoic acids. 

Summary. 1.  The pharmacologic responses 
to the three isomeric thiocyanobenmic acids 
have been investigated. 2.  The meta and 
para compounds are powerful depressors. 
This action is not shared by the ortho c m -  
pound. 3. p-Thiocyanobenzoic acid inactiv- 
ates cytochrome oxidase in concentrations 
similar to cyanide. The meta compound is 
less active and the ortho isomer exhibits 
little inhibition. 4. All tlhree isomers are 
relaxants to smooth muscle. 

~~ 
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Increases in Serum Thyroxin during Uncomplicated Pregnancy.* (17892) 
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I t  has been established that an increase 
in serum precipitable or protein-bound iodine 
to levels above the euthyroid range of 4 to 
8 y % frequently occurs during pregnancy in 
human subjects(1). The studies herein re- 

"Aided by a grant from the Committee on 
Growth, National Research Council. 
1. Heinemann, M., Johnson, C. E., and Man, 

E. B., J .  C . h .  Invest., 1948, v27, 91. 

ported indicate that the serum thyroxin also 
rises. 

Materials and methods. Sera have been 
obtained at  random for analyses from 57 
gravid women usually durling the second or 
third trimester. With the exception of 4 
under the care of private physicians all were 
regular visitants to the dispensary of the 
Elizabeth Steel Magee Hospital. In each 
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TABLE T. 
Circulat,ing Protein-hound Iodine (PBI) and Thyroxin Are Increased in  Pregnancy. 

PBI Tli y r oxin 
No. of No. of (Mean t S.D.) Xu.  of 30. of (Mean 2 S.D.) 

GIoup subjwts  sera” r %  subjects  sera” 7% 

Controlt 25 89 5.4 5 0.7 23 23 3.7 0.8 
Pregnant  ,i ‘7 81 7.8 ? 1.3: 2 1  23 5.4 f 1.00 

~ ~~ ~ ~ 

* Analyzed in duplicate or triplicate. 
t Consisting of healthy adults, males and non-pregnant  f eniales, since no statistically sig- 

nificant diff t.rc.nce could be demonstrated in their protein-bound iodinc and  thyroxin concen- 
trations. 

$ Significantly different f rom control group since “ t ”  was found t o  be 11.57 and “ p ”  = 
<0.0001. 

As i n  preceding footnote  with “ t ”  4.76 and c c p ”  < O . O O O l .  

instance pregnancy proved to be free from 
major complications and terminated in the 
delivery of a living child at  term. &4 total of 81 
sera have been analyzed in duplicate or tripli- 
cate for the concentration of protein-bound 
or serum precipitable iodine by the method of 
Barker as used in this laboratory(2,3). In 
43 of thle patients blood was withdrawn for 
analysis only once. In the remaining 14 re- 
peat samples were obtained one or more times 
during gestation. In  view of the variable 
relationships between the serum proteins and 
protein-bound ioldine (4 ) ,  albumin and glob- 
ulin concentrations( 5.6) have been measured 
in all but 3 few of the pregnant subjects. In 
23 sera from pregnant women with protdn- 
bound iodine concentrations within and above 
the euthyroid range thyroxin levels were also 
measured using the mpthod of Taurog and 
Clhaikoff ( 7 ) .  For purposes of comparison 
thyroxin and protein-bound iodine analyses 
have been conducted in healthy non-pregnant 
adult females and males. The results are 
presented in Table 1. 

Results. A. Yrotein-bound iodine levels. 
The average value for this fraction in preg- 
nancy proved to be significantly higher, sta- 
tistica~lly. than the mean recorded in non- 

2 .  H;iiker, S. R., J .  Biol. (‘o~enc., 1948, ~ 1 7 3 ,  715. 
3. I):ino\vski, T. H., Jolinston, S .  Y., ;ind Green- 

4. Petws, J. P., and  Man, X. B., J .  C l i ~ i .  I n v e s t . ,  

5 .  Ma.jotrr, C .  L. H., ,7. Bio l .  (’licrn., 1947, v169, 

6. iMilne, .T., J .  Biol. Chc t i ) . ,  1947, ~ 1 6 9 ,  595. 
7. Taurog, A.,  and Chaikoff, 1. L., J. Biol. 

rna11, J. H., J .  f l i t i .  Bndcw-~rrul., in  press. 

1948, v27, 397. 

583. 

C ~ ~ C Y I I . ,  1948, v176, 639. 

pregnant adults (Table I).  These results 
agree closely with the findings of others and 
support the conclusion that uncomplicated 
pregnancy is usually associated with a rise 
in the serum precipitajble or protein-bound 
iudine(1). In  28 of the patients in our 
series the increase was of sufficient magni- 
tude to place the protein-bound iodine above 
the upper limit of the range characteristic of 
euthyroid non-pregnant adults( 8 ) ,  8.0 y %. 
The highest value observed was 11.3 y %. 
There were no discernible clinical signs of 
bhyrotoxicosis in this subject nor in those with 
lesser elevations in protein-bound iodine. The  
results of serial analyses indicate that this 
rise is not necessarily stable. At times slight 
but probably definite increases or decreases 
were sucbsequently observed, while in others 
previous values were reduplicated. Thlis con- 
trasts with the relative constancy of this 
serum iodine fraction in non-pregnant sub- 
jects(9). In the patients in whom longer 
periods of observation are available there was 
evident a distinct trend upward during suc- 
cessive analyses. The recordled rises were 
not always of sufficient magnitude however 
to place the protein-bound iodine value above 
euthyroid limits. 

B. Thyroxin concentrations. From Table 
I it is apparenlt that the serum thyroxin level 
measured usually in triplicate during preg- 
nancy ranged between 3.4 and 6.9 y %, 

8. Winklcr, A. W., Riggs, D. A., Thompson, 
K. W., and Man, E. R., ,I. C1i.n. Inwest., 1946, v25, 
404. 

9. Danowski, T. S., I f d e n b u r g ,  S., a n d  Green- 
in:m, J .  H., J .  C l k .  Endocrind., 1949, v9, 768. 
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averaging 5.4 t 1.0. This differs significantly 
from the mean of 3.7 t 0.8 y % recorded in 
non-pregnant control subjects. These values 
represent the actual results of analyses. They 
have not been corrected far the loss, approx- 
imating lo%, observed' in thyroxin recovery 
studies in this and in other laboratories(7), 
because of the uncertainty of its magnitude 
in serum analyses. Such a correction how- 
ever would only serve to emphasize bhe val- 
idity of our findings. 

A good correlation is evident between 'the 
level of thyroxin and of protein-bound iodine 
in pregnancy, represented in the line of best 
fit y = 1.0008 + 0.5741x, whlere y indicates 
thyroxin and x the protein-bound iodine. The 
standard error of estimate of "y" proved to 
be 10.667, and the correlation coefficient, 

Discussion. The reality of the rise in cir- 
culating protein-bound ilodiine during un- 
complicated pregnancy in human subjects has 
been confirmed in these studies. I t  has also 
been shown bha't this rise is associated with 
a significant increase in the serum thyroxin 
which is of course a subdivision of the pro- 
tein-bound iodine. I t  seems reasonable to 
suggest furthermore that changes more 
marked than these may occur in pregnancy 
since in m$ost of our studies slerum specimens 
were obitained at random and hence probably 
do not remesent the maxilmal values attained. 
These findings invite speculation concerning 
factors possibly operative in inducing these 
changes. Excluding artefacts such as those 
induced by administering organic iodine dyes 
(10) the concentrations of circulating thy- 
roxin and protein-bound iodine can be af- 
fected )by (a) the rates at  which these coim- 
pounds are synthesized, (tb) the rates at 
which they are released from their sites of 
or@, (c) the characteristics of the plasma 
transport system, and (d) khe rates a t  which 
they are metabolized or excwted. No data 
are available which conclusively implicate or 
exclude any of these factors in the changes 
which have belen observed. Although ilt has 
been shown in animals that tihe thyroidal up- 

10. Salter, W. T., Karandikar, G., and Block, 
P., J .  Clin. Endocrind., 1949, v9, 1080. 

+0.734. 

take of radioactive iodine is increased during 
pregnancy, no comparalble studies in humans 
have been reportled\( 11). Furthermore. though 
it is true that an increased inltake of ex- 
ogenous inorganic iodide raises the protein- 
bound and thyroxin iodine in the glanld (12) 
as well as the circulating inorganisc and pro- 
tein-lbounld iodine( 13), there is no evidence 
that pregnancy is necessarily associated with 
a higher ingestion of iodine or iodide. Thle 
persistence of tlhe elevations in thyroxin and 
protein-bound iodine makes it quite improb- 
able that the observed changes represent 
(merely an increase in the rate of discharge 
of stored thyroid gland products. On the 
other hand it is possible that during gesta- 
tion the plasma proteins bind thyroxin and 
organic iodinle in larger quantities than usual. 
I n  our series of patients, the conlcentraticons 
of serum albulmin and glolbulin were 3.55 t 
0.42 and 3.20 t 0.34 g %. In  keeping with 
the findings of others these avelrages are 
lower and higher, respectively, than those 
characteristic of non- pregnan t control sub - 
jects( 14). If it is accepted that the organic 
iodine of serum is bound chiefly to albumin, 
one would then expect a fall rather than a 
rise in protein-bound and thyroxin iodine. 
I t  is by EQ mzans certain however that serum 
albumin and protein-bound iodine levels are 
so direcltly related(4,lS). It is possible there- 
fore that protein fractions do bind more or- 
ganic iodine during pregnancy. There is no 
evidence for or against the possibility that in 
these patients the excretion of iodine com- 
pounds through the liver, gastro-intestinal 
tract or othfer routes( 1 6 ~ 7 )  is diminished. 
Moreover, the knlolwn elevation in basal me- 
tabolic rate which usually occurs in the last 

11. Hertz, 8., Roberts, A, Means, J. H., and 

12.  Taurog, A., and Cliaikoff, 1. L., J .  Bid.  

13. Danowski, T. S., and Greenman, TA., Trans. 

14. Danowski, T. S., and Gilmorc, G., J .  Lab. 

15. Bassett, A. M., COOIIS, A. W., and Salter, 

16. Gross, J., and Leblond, (1. P., Fed.  Proc., 

Evans, R. D., Am. J. Physiol., 1940, v128, 565. 

Chem., 1946, v165, 217. 

Am. Goi te r  Assn., 1949, p. 154. 

and Clin. ,&led., 1950, v35, 67. 

W. T., drri. J. &Xed. Sci., 1941, v202, 516. 

1949, v8, 62. 
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trimester ( IS ) ,  does not resolve an?’ of the 
uncertainties which have been cited. since 
( a )  the rise in protein-bound iodine can be 
demonstrated in the first trimester(1) and 
(Ib) euthyroid protein-bound iodine values 
have been recorded in our series during the 
last trimester. I t  is obvious that these ques- 
tions can probably be answered by studies 
which define the rates of production, release, 
and degradation of thyroxin and related com- 
pounds. In  conducting such studies with 
radlioactive tracers it must be kept in mind 
that the fetal thyroid in humans assimilates 
idbde from the 1 2  to 16 week point onward 

li. Albert, A., Rall, J. E.. Keatiag, F. R., Jr., 
Power. 31. II., and TT’illiams, 34. 31. I?.. J .  C7in. 
Ertdocrino?.. 1949. i-9, 1391. 

18. Rowe. A. K., a i d  Boyd, W. C., J.  Szttrition, 
1932, v5, 551. 

(19). Finally, though it is not apparent 
which of the above factors are prisent in 
the observed findings, it  seems reasonable to 
suspect that they are mediated through hor- 
monal changes occurring during pregnancy. 

Thse rises in 
pro tein-lbound iodine which usually occur in 
uncomplicated pregnancy in human subjects 
are associated with an increase in the thy- 
roxin fraction of the protein-bound iodine. 

Summary and conclusions. 

The authors a re  indebted t o  Mr. Carroll S. Weil 
for assistance in the statistical evaluation of  these 
data. 

It). Chapman, E. AT., Corner, G. W., Robinson, 
I)., and Evans, R. D., Twins. Am. Goiter Assn., 
1948. p. 133. 
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Differentiation between Bacterial and Tryptic Gelatin Liquefaction as Aid 
to Diagnosis of Fibrosis of Pancreas. (17893) 
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The failure of fecal specimens from pa- 
tients with cystic fibrosis of the pancreas to 
cause liquefaction of the gelatin coating on 
x-ray film. in contrast to specimens from 
normal children or patients suffering from 
other maladies, has been shown by Schwach- 
man(l .2) to be a useful aid to the diagnosis 
of this pancreatic disease. The test is based 
on the fact that in cystic fibrosis of the 
pancreas trypsin is absent or present in sub- 
normal amounts in the feces. As shown by 
Johnstone( 3 ) ,  cultures of certain bacterial 
species. particularly members of the genera 
Proteus and Pseudomonas, may also cause 
a positive x-ray film test. These microorgan- 
isms are not rarely encountered in the feces 

1. Shwachmaii, H., Farber, P., and Maddock, 

2. Shwachman, H., Patterson! P. R., and La- 

3. Johnstone, D. E., Prdiairics, in press. 

_ _  -~~ -_ 

C. L., A m .  J .  Dis. Chi7d., 1943, ~ 6 6 ,  418. 

guna, J.. Pediatrics. 1949, v4, 222. 

of infants and young children(4) and their 
presence may be the cause of false positive 
x-ray fih liquefaction tests. An attempt 
was made, therefore, to develop a test which 
may differentiate between gelatin liquefac- 
tion due to pancreatic trypsin and that due to 
bacterial enzyme. 

Material and methods. The x-ray film 
liquefaction test as used for the diagnosis of 
cystic fibrosis of the pancreas has been 
previously described ( 2 , 3 ) .  Since Eastman 
Kodak “Blue Brand’’ x-ray film proved to 
be more sensitive than either Dupont “Xtra 
Fast Medical” x-ray film or Hammer pan- 
chromatic portrait photographic film for this 
test, the former was used throughout this in- 
vestigation. Soybean trypsin inhibitor was 
procured from Worthington Biochemical 
Laboratory (Freehold, 3. J.) and was dis- 

4. Xeter, E., and CYarke? P., J. Ped., 1945, v26, 
390. 


