
515 

Adrenal Atrophy and Thyroid Inhibition Following PABA." (26161) 

J. L. MCCARTHY~ AND R. L. MURPHREE (Introduced by M. X. Zarrow) 
Biology Department, Southern Methodist University, Dallas, Texas and Ufziversity of 
Tennessee-Atomic Energy Coinmission Agri.  Brsenrch, Laboratory, Oak R idge ,  Tenn. 

Atrophy olf the adrenal gland following 
goitrogen administration has been suggested 
to occur either as a result of a mechanism re- 
lated to thyroid inhibition or a direct action 
on the adrenal gland( 1 ) .  Results of testing 
various goitrogens showed that all treatments 
which proiduced adrenal involution, did so 
with concomitant thyroid hypertrophy except 
for administration of p-aminobenzoic acid 
(PABA) (2).  Since the possibility was sug- 
gested that PABA treatment influenced the 
adrenal gland by an extra-thyroidal action 
( 2 ) ,  this study was undertaken to evaluate 
thyroid and adrenal gland activities in 
PABA-fed rats. Since studies(3,4,5) have 
shown that uptake and incorporation olf ra- 
dioactive phosphorus into the inorganic phcs- 
phorus of the adrenal gland vary with condi- 
tions affecting the activity of the gland, an 
attempt was made to assess adrenal activity 
based on P32 uptake. The accumulation of 
P1 in the thyroid gland was taken as an in- 
dex of glandular activity( 6 ) .  

Methods. Groups of Sprague-Dawley fe- 
male rats, average body weights 190 g, were 
housed 5 to a cage and given ground Purina 
laboratory chow and tap water nd libitum 
The experimental groups were fed 2% 
PABA: in the diet for periods of 2 ,  4 and 12 
weeks, and one group was fed 4% PABA in 
the diet for 12 weeks. Control animals were 
placed on the ground chow diet alone. 
Twenty-four hours before termination of an 
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experiment, each rat was given a single intra- 
peritoneal injection of 5 pc of P1. On the 
next day, 2 hours before killing, each animal 
was given a single intraperitoneal injection 
of 100 pc of PRa. The animals were killed 
by decapitation so as to leave the thyroid 
gland intact. The thyroid and adrenal glands 
were removed and weighed to the nearest 0.1 
mg and the values expressed as milligrams of 
tissue per 100 g body weight. The thyroid 
glands were placed in 3 ml of an alkaline K l  
digestion solution(6) and heated in a boiling 
water bath until digestion was complete. The 
adrenal glands were placed in a grinding tube 
and ground with 5 ml trichloroacetic acid. 
One aliquot of the adrenal preparation was 
used for determination of P32 and the other 
was used to determine inorganic phosphorus 
content ( 7 ) .  

Aliquots from the thyroid and adrenal 
gland preparations and samples of II3l and 
PS2 and mixtures of the two, in known con- 
centraticlns, were counted using a well- type 
scintillation counter and an end window Gei- 
ger-Muller tube. From the data obtained 
for the standard preparations of 1'"' and Pa, 
simultaneous equations were derived to1 es- 
press the counting ratios of both isotopes in 
both types of detectors. Using these equa- 
tions and the counting rates of the tissue 
samples, radioactivity of 1ls1 in the thyroid 
gland arid of PS2 in the adrenal gland was 
determined. Level of activity was recorded 
as counts per minute per gland (c/m/gl;tnd) 
and as counts per minute per 100 mg gland 
(c/m/lCrOl mg) to indicate total and relative 
isotope uptake of the tissues. 

Resulls. Feeding rats 2% PABA for 2 
weeks failed to produce a significant change 
in weights of thyroid or adrenal glands (Ta- 
ble I ) .  The thyroid glands from aniinals 
given PABA fur 4 weeks showed an apparent 
enlargement when compared to the corripar- 
able control group. However, the thyroid 
gland weights of the 4 week colntrol group 
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TABLE I. Effect of PARA Administratioii on A.\tlrcnal arid Thyroid Weight of Female Rats. 

*.l<lrellal Wt Thyroid wt 
s o .  n1g/100 g mg/lOO g 

:iiiiinals Rod? wt, g lllg body wt "g body wt 
2 wk trcatmerit 

Control 5 201  2 7.8 (i4.5 k 1.1 31.7 & 4.9 13.8 2 3.8 6.8 2 1.8 
PABA 2% 5 213 t 8.0 5R.5 +- 5.7 2 i . 6  -+ 3.4 15.8 & 2.5 7.5 & 1.4 

4 wk trea tnicnt 
Control 3 211 2 7 .3  ;,R.CI .5.5 5.0 k 2.3 9.4 2 1.9 4.5 5 .9 
PABA 2% 5 231  +- 19.2 5i .O rf~ '7.3 24.7 + 1.8 16.0 2 3.5"t 6.9 & l.2"t 

18 wk treatmcnt 
Control i 24ri t: 31.4 ,5.5.9 r+ 3.3 23.0 f 3.4 12.1 2 1.8 5.1 2 1.1 

PABA 4% 8 220 t 8.1 -k:<,(j +- 18.7 '-+ 3.5x 19.6 7.7" 8.8 2 3.5" 
PABA 2% 7 245 t 13.2 48.2 2 3.S" 19.7 2 2.4 11.8 2 2.6 4.9 & 1.2 

* P <0.05. 
t Sigiiificaiit 0111:- in rc.I;itioii to  coiiip:1r;11)1~~ voiitrol. S o t  sigiiificaiit in comparison to other 

tontrol valnes. 

were somewhat low and the compariscn of The 1'3' level in thyroid glands of PABA- 
thyroid glands of 4 weeks PABA treated rats treated rats gave an indication of reduced 
to the 2 week controls revealed no significant glandular activity (Table 11). While total 
difference ( P > O . O 5 ) .  The only definite thy- I1:;l content in thyroid glands from rats given 
roid hypertrophy was seen in the rats admin- 2 %  PABA for 2 or 4 weeks was unchanged 
istered 4% PABA for 12 weeks where adrenal from the normal, a significant reduction was 
involution also was evident. In the group seen in the isotope uptake per unit gland 
given 25% PABA for 12 weeks, absolute weight. After the 12 week treatment inter- 
adrenal weight was significantly reduced val, both experimental groups showed a 
from control weight though relative size of marked decrease in total and relative thy- 
the gland was not different from that of the roidal accumulation of I1". Though adrenal 
controls (P>O.Oj<O.lO). Thyroid glands glands from both treated groups showed a re- 
of this latter group were of a size comparable duction in total inorganic phosphorus level, 
to control glands. In no case was the body concentration per 100 mg tissue was normal. 
weight of a treated group changed from con- Only rats fed 4% PABA for 12 weeks were 
trol weights. found to have a decrease in uptake per 

Female Rats. 
TABLE 11. Effect of PAEA 011 Tliyroid:rl I1a and Adrenal Inorganic Phosphorus and PS in 

Ll tlrcBiinl inorg:iiiic 
Thyroidal I' 3 L  ~ ' l l 0 h ~ ' l " " U ~  Adrenal Ps2 

c/ni/glancl c/ni/1OO riig lug/gIaiitt ,g/1OO nig c/m/gland c/nz/lOO mg 
f-------X 103- 7 

2 wk t r.o:itmcnt 
Control 128 +- 34.9 1006 t 422.0 23.9 :3.9 37.4 2 4.3 8645 1724 13371 2 932 
PABA 2% 91 -+ 78.4 587 139.B" ? I . ( ;  t :3.0 3i .O t 5.3 80T2 2 1183 13662 2277 

4 \Il< t1Y':Itlnc'llt 
Control 123 33.9 1S9(j 2 252.7 21.4 13.1 35.7 2 1.9 7907 907 13288 2 1396 
PABA 2% 87 & 2t5.2 514 I+ 1GG * 19.9 t_ 2.6 35.0 k 5.0 11910 & 5599 21043 210464 

12 w k  trratrnerit 
Control 226 2 25.2 1997 -+ 40.9 28.2 2 3.2 40.6 2 5.3 1150 k 439t 2094 2 781 
PABA 2% 119 18.2" 1142 5 42.8" 16.9 3.2% 36.8 2 2.4 756 2 403 1670 & 628 

" 4To 113 2 58.0" 474 -f 81.2" 14.9 1.2% 32.6 & 2.6 595 2 106" 1315 k 334 

" P <0.05. 
t Conditions required that these samples Xw (~ouiited using a diff ereiit G-M Counter resulting 

in  a lower counting rate. All samples f rom this treatment period were counted under the same 
conditions. 
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adrenal gland, and in these rats also the level 
of per unit gland weight was unchanged 
from control values. 

The possibility of an extra- 
thyroidal action of PABA has previously 
been suggested since the adrenal atrophy in 
rats after treatment with 2 %  PABA was not 
accompanied by thyroid hypertrophy but was 
associated with an unusual response of the 
plasma adrenocorticoid concentrations ( 2 ) .  
In comparison, the results reported here in- 
dicate that rats fed 2 %  PABA for 12 weeks 
show a t  most only a suggestion of adrenal in- 
volution. In these animals, the absolute 
adrenal weight was reduced but decrease in 
relative weight was not significant (I)> .05 < 
. lo) .  In  any event, definite thyroid inhibi- 
tion was evident in groups treated with the 
gaitrogen for 12 weeks as indicated by the 
decreased I1;l uptake in both groups and the 
thyroid hypertrophy in the animals given 4% 
PABA. Additional indications of thyroid in- 
hibition were seen in the decrease in Il3l 
level in thyroid glands of rats treated for 2 
and 4 weeks with PABA. Thus the results 
indicate that inhibition of the thyroid gland 
accolmpanies and precedes adrenal atrophy 
induced by PABA administration. 

Other data fail to indicate a direct action 
of this goitrogen on the adrenal gland since 
administration of a single dose of PABA to 
rats failed to bring about depletion of adrenal 
ascorbic acid or cholesterol (8) .  Conditions 
which affect adrenal gland activity have been 
associated with changes in incorporation of 
Pd2 into the inorganic phosphorus of the 
gland(3,4,5). In the present study, the de- 
crease in inorganic phosphorus and P:c2 in the 
adrenal glands of PABA-treated rats appears 
to be related to reduced gland size rather than 
to changes in activity. 

Though the possibility of a direct action of 

Discussion. 

PABA on the adrenal gland cannot be ex- 
cluded, these data do establish that thyrolid 
inhibitictn occurs under conditions which 
produce adrenal involution associated with 
PABA treatment. Therefolre PABA aclmin- 
istration could induce adrenal involution by 
a mechanism associated with thyroid inhibi- 
tion alaline or coupled with a direct action of 
the adrenal gland ( 1,2 ) . 

The results clarify a previous 
report(2) in which the possibility of a direct 
action of PABA on the adrenal gland was 
suggested as a more likely mechanism for in- 
duction of adrenal atrophy by this goitrogen. 
These data indicate that under condj tions 
where administration of PABA produced 
adrenal atrophy, inhibition of the thyroid 
gland occurred as indicated by reduced thy- 
roidal uptake. Thus further evidence is 
presented to associate goitrogenic activity 
with ability to induce adrenal atrophy, 
though the possibility of a direct action of 
PABA on the adrenal gland coupled with thy- 
roid inhibition can not be excluded. 
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