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Ultrasonic Movement of Corticosteroids into Pig Tissues." (27237) 

JAMES E. GRIFFIN AND JOSEPH C. TOUCHSTONE 
(Introduced by F. D. W. Lukens) 

School of Allied Medical Professions, and Department of Obstetrics and Gynecology, School of 
Medicine, University of Pennsylvania, Philadelphia 

The experiments to be described here were 
performed to determine whether cortisol 
(Cortrila, Chas. Pfizer & Sans, Inc., New 
York) could be driven through pig skin in 
situ by ultrasonic energy and recovered zfrm 
underlying solft tissue. The results reported 
here on the levels of cortisol in pig tissues ex- 
p a d  to soination alone and to sonation plus 
cortisol, indicate this may be possible. If 
this is so, i t  might be a method of adminis- 
tering certain drugs without injection. 

The fluormetric method of Sweat( 1,2) as 
modified by McLaughlin et d ( 3 )  was used in 
the present work with minor changes because 
skeletal muscle rather than plasma was ex- 
tracted. 

Experintcntal procedure. Eight boars (34- 
57  kg) were anesthetized with thiopental- 
sodium (1 ml of a 2.576 sollution/kg) via the 
vem cava. The areas treated were paraver- 
tebral, lower cervical or lower lumbar. The 
skin in this area was washed with water to 
remove surface dirt. Hair was cut with scis- 
sors, care being taken to leave the skin intact. 
In the case af pigs exposed to sound plus cor- 
tisol, 1 g of ointment containing 25 mg af 
cartisol was applied over an area of 5 cm2, 
equal to the radiating surface of the trans- 
ducer (Birtcher Corp., Los Angeles, Model 
U-105) . For pigs exposed only to sound, min- 
eral oil or ointment bzse was the coupling 
agent. The transducer was held in a sta- 
tionary position. An intensity of 3 watts per 
square centimeter of the sound head was 
given for 5 minutes. Immediately after re- 
moval of the sound head the animal was w- 
rificed by bleeding. A large area od skin and 
subcutaneous fat (amounting to 1 to 2 cm in 
thickness) surrounding the transducer was 
excised and a block af muscle approximately 
2 >.: 2 'r: 5 cm underlying the transducer was 

*This work was supported in part by grant from 
Nat. Inst. Health, and by Faculty Research Grant 
irom Univ. of Pennsylvania. 

removed and sectioned so as to yield 4 sam- 
ples. Block size varied with pig size. Sam- 
ples weighed from 2.6 to 24 g. Control sam- 
ples were removed in a similar fashion from 
the opposite side of the pig. The samples 
were wrapped individually in aluminum Ifoil, 
marked for identification, and frozen until 
extracted. 

Each lfrozen sample was homogenized with 
25 ml of w t e r  in a Waring Blendor and the 
slurry was extracted with chloraform. The 
chloroform extract was washed with 5 %  so- 
dium bicarbonate solution, then washed with 
water, dried over sodium sulfate, filtered 
through glass wool, and completely evap- 
orated in vacua. The residue was partitioned 
between equal parts of 70% methanol and 
heptane. The heptane fraction was dis- 
carded; the methanol fraction was evaporated 
to dryness. 

Standard cortisol was made in concentrated 
solution in ethanol. Immediately prior to 
use a portion af this standard was diluted to 
give 1 pg per ml. Two 1 ml portions of this 
standard were evaporated to dryness under 
nitrogen, one to serve as collumn reference, 
the other to serve as the known standard of 
cortisol. 

Three silica gel micro-columns af the type 
described by Sweat(2) were set up, with 
stop-cocks closed. Five ml of chloroform was 
poured in, followed by 1 g of activated silica 
gel, fallowed by 1 5 ml df chlororform. Then 
the stopcocks were opened. The tissue ex- 
tract and the evaporated column reference 
were dissolved in 10 ml of chloroform and 
transferred to their respective cdulmns, while 
10 ml of chloroform was added to another 
(the blank) column. The columns were de- 
veloped with two 15 ml portions each of 1,3, 
and 5 % ethanol-chloroform solutions (made 
up directly before use), and the eluates were 
collected in corresponding 15 ml fractions. 
T o  effect quantitative transfer of steroids, the 
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10 t o  15 units. If the acid reading was over 
2 5  when the known standard reading was 
100,  the acid was discarded and both known 
and column standards were freshly prepared. 

The identity of the isolated compound was 
substantiated by spectrofluorometry, paper 
chromatography and correlation of the results 
with those obtained by silica gel chromato- 
graphy. A sample af the tissue extract was 
chromatographed on Whatman #1 paper in a 
toluene propylene-glycol system. The zone 
correspondling to cortisol, located by com- 
parison to the reference chromtogram, was 
eluted and rechromatographed on the silica 

1 I 1 I 1 gel column. The fluorescence and excitation 
I 2 3 4 5 6 spectrum of the cortisol fraction in sulfuric 

acid was the same as that shown by the refer- 
ence cortisol. 

Results. Fig. 1 represents the average gal- 
SAMPLE vanometer readings of 10 samples each of 

blank (no cortisol or tissue extract present), 
standard reference column ( 1  y of cortisol), 
and sample (tissue extract without cortisol 
added), chromatograms in 6 fractions. The 
standard column always showed maximum 
fluorescence in the third fraction. The first 
eluate of the tissue extracts contained ma- 

0 0  terial other than cortisol, as shown by a 
O0 great deal of fluorescence in the first frac- 
+----+----+---- +-----+----+ tion. Fig. 1 indicates that tissues exposed 

only to sound contained minute amounts of 
cortisol, as little fluorescence was seen in the 
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FI(;. 1. Tissues csyoscd to sound without corti- 

FTG. 2. Tissues csposcd to soirrid plus cortisol. 
Sol. 

extract and reference flasks were rinsed with 
each change of eluent used. As each elution 
was completed, 8 ml of sulfuric acid was 
added and the mixture was shaken in a sepa- 
ratory funnel. Fi4fteen ml of chloroform was 
added to the known standard of cortisol fol- 
lowed by sulfuric acid as with the column 
fractions. Fluorescence determinations were 
carried out with a Farrand Model A fluoro- 
meter. The fluorometer settings were ad- 
justed so that the known standard always 
gave a reading of 1 0 0  units on the galvano- 
meter. Acid allone usually gave a reading of 

third or cortisol fraction. 
Fig. 2 shows the sequence of fluorescence 

levels for the various fractions, namely, blank, 
standard reference columns, and sample 
(which in Fig. 2 means after cortisol oint- 
ment and sonation) of tissues exposed to 
sound plus cortisol. These tissue extracts al- 
ways presented the greatest fluorescence in 
the third fraction. The second and fourth 
fractions showed much less fluorescence. 
Five and six were still lower. The fluores- 
cence pattern for tissue extracts was thus 
similar to that of the colulmn reference stand- 
ards. Tissues exposed to a similar intensity 
of sound plus ointment without cortisol 
showed the same pattern as tissues exposed 
to sound with mineral oil as the coupling 
agent. Tissues exposed to ointment with cor- 
tisol but without sound showed the same pat- 
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TABLE 1. Effect of tJltrasonia Energy on Movta- 
tii(wt3 of (lortisol through Pig Skin. (Vtllnes :ire ex. 

prtwtv1 as pg/lO g of tinsuc.) 

Cortisol 
S:mplc Control ointment Difference 

1 
2 
3 
4 
5 
(i 
7 
S 
9 

10 
Mean S.D. 

.2(i 1.45 +1.19 

.45 .62 + .17 

.19 .a9 + .70 
-29 1.93 + 1.64 
.08 . l o  + .02 
.10 .17 + .07 
.29 .82 + .53 
.18 $8 + .50 
.31 .33 + .02 
.91 1.17 + .26 
3 1  k . 2 4  .82 1.14 + .51 2.54 

tern as t hae  exposed to sound plus ointment 
withou t cortisol. 

Calculation of the quantity of cortisol re- 
covered from skeletal muscle (Table I )  
showed that tissues exposed to sound but not 

to cortisol had an average of 0.31, whereas 
tissues exposed to sound plus cortisol had an 
average of 0.82 y of cortisol per 10 g of tis- 
sue. Using the method of least squares the 
standard deviation of the difference was 0.54, 

Summary. 1.  Pig muscle contained an av- 
erage of 0.31 y of cortisol per 10 g when ana- 
lyzed by McLaughlin's modification olf 

Sweat's fluorescence method. 2. After in- 
unction of an ointment containing cortisol 
fallowed by exposure to ultrasonic energy an 
average of 0.82 per 10 g of muscle was 
,found. 

(p = <0.02). 
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In 1934, one of us (FH) speculated on the 
possibility that the alkaline component of 
gastric juice includes a tramudate of inter- 
stitial fluid, along with one or more mucimus 
secretions(1). It was not until 1953, how- 
ever, that the first evidence to support this 
hypothesis was made available by the electro- 
phoretic studies of Henning et al.(2), which 
revealed the presence of albumin in speci- 
mens of normal as well as pathological gastric 
juice from human subjects. In 1959 Citrin 
et al.(3) reported the occurrence of serum 
proteins in gastric juice of a patient with 
Menetrier's disease. The tollowing year se- 

*Supported by grant from Nat. Cancer Inst., 
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in J .  M t .  Sinai Hosp., 1961, v28, 334. 

New York MedicaI ColIege, N. TI. 

rum albumin was demonstrated in this lab- 
oratory(4) to be an important constituent of 
anacid gastric muciaous secretions obltained 
from dogs equipped with Heidenhain 
pouches. Gullberg and Olhagen(5), by in- 
stilling [buffer into the stomach to prevent 
proteolysis, found albumin in normal human 
gastric juice. Holman et al.(6) used 1131- 

labeled albumin and 7-globulin to study se- 
rum proteins in small bowel secretions, and 
mentioned incidentally that serum proteins 
were found in saliva and gastric juice from 
normal human subjects. The current study 
was undertaken to confirm the presence and 
quantitate the amounts of albumin and 7- 
globulin in noimal human gastric juice ob- 
tained by nasogastric intubation, and to eval- 
uate the possible contribution df saliva. 

Materials and methods. Only subjects 
without evidence of gastrointestinal disease 
and with normal serum proteins were studied. 


