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tion of histamine should also stimulate secreb 
tion by the oxyntic cells. However, in the 
presence of damage acid secretion is difficult 
to detect, for the plasma-like fluid buffers and 
dilutes hydrogen ions, and increased mucosal 
permeability allows hydrogen ions to disap- 
pear by diffusing back into i t(  10). 

Summary. The stomachs of anesthetized, 
pylorus-ligated rats were filled with 154 mM 
NaCl, 100 mM HCl, 100 mM acetic acid 
or 20 mM salicylic acid in 100 mM HCl. 
After 90 min the fluids were removed, and 
they as well as the oxyntic gland area of 
the stomachs were analyzed for histamine. 
There was a rise in the frequency with which 
histamine could be detected in the acetic 
and salicylic acid solutions as compared with 
NaCl or HCl, and its mean concentration 
also increased. Gastric tissue exposed to ace- 
tic acid or salicylic acid contained about 
two-thirds as much histamine as did tissue 
exposed to NaCl or HCl. We infer that dur- 
ing damage histamine is present in the mu- 

cosal interstitial fluid where it can exert its 
characteristic physiological effects. 

We thank Joseph Kennedy of the Section of 
Physiology, Mayo Clinic, for teaching us the hista- 
mine assay. 
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A Liver Glycogen Assay of Anti-Inflammatory Steroids on 
Chicks and Embryos. (30785) 

JOHN NEWMAN* AND LASZLO GYERMEK 
Syntex Institute of Hormone Biology, Syntex Research Center, Palo Alto, Calif. 

There is a continuous interest in increas- 
ing sensitivity and accuracy of hormonal bio- 
assays. Detection of trace amounts of hor- 
mones utilizing biological tests may offer ad- 
vantages over certain chemical determina- 
tions, which are many times non-specific, and 
may yield misleading results by measuring 
chemically similar but biologically different 
metabolic products. Therefore, a sensitive 
assay for corticosteroids and synthetic anti- 
inflammatory steroids was sought. The pres- 
ent study is based on earlier reports on the 
high sensitivity of chicken embryos to natural 
corticosteroids, as represented by suppression 
of gro'wth(l,2), and on a more recent study 
of Guzman-Garcia et aE ( 3  ) including obser- 
vations on water, electrolyte, and carbohy- 

* Present address: Virus Laboratory, University of 
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drate metabolism of the developing chick em- 
bryo as influenced by synthetic corticoste- 
roids. The latter publication indicated that 
some of the fluorinated anti-inflammatory ste- 
roids are extremely potent in influencing 
growth as well as liver glycogen content, and 
suggested that by further analysis of the 
liver glycogen, selecting optimal dose and 
time intervals, a sensitive bio-assay procedure 
can be developed. 

Mcthods. (a) Fertilized white Leghorn 
eggs were obtained at 9 to 10 days of incu- 
bation (Kimber Farms, Inc., Fremont, Calif.) 
and were inoculated at  the 9th, 12th, 13th, 
or 16th day of incubation into the yolk sac. 
Steroids were dissolved in sterile corn oil 
and were injected in a volume of 0.05 ml. 
The embryos were sacrificed 1-7 days after 
the injections. Livers were dissected free, and 
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TABLE I. TCA-Extractable Liver Glycogen Content of Ohick EinbrYos at Different Stages of Dovelop- 
ment. Effect of Cortisone and Fluocinolone Acetonide. 

I 1,iver glycogen content: mg/ldo g (+ s.D.) \ 

Oil 
Days of in j ected 

development Controls controls 
Cortisone 

10 f& 50 Pg 

12 .84 (.14) 
14 .95 (.42) .92 1.77 (.66) 3.59* (.80) 1.92 (.61) 2.18 (.76) 
15 1.33" (.47) 1.84" (.81) 6.24 (.50) 
16 1.22 (.45) 1.03" (.49) 1.68 (.26) 2.05 ,(1.6) 1.99" (1.07) 5.49" (.47) 
19 1.89 (.56) 1.94 (.32) 1.69 (.13) 2.28 (.52) 2.38 (.37) 5.04 (1.9) 

Values listed were averages of 4-5 samples. 
Values with * indicate average of 8-9 samples. 

about 200 mg samples were immersed in 1.5 
ml 101% trichloracetic acid (TCA) and 
homogenized immediately. The weight was 
determined after homogenization, reweigfiiiig 
the tubes and contents. The TCA extract- 
able glycogen content was determined accord- 
ing to the method of Gyermek and Fekete 
(4) ,  with the modification that instead of 
filtering the TCA-liver precipitate, i t  was 
centrifuged. One ml of supernatant was re- 
moved and 1 ml of absolute alcohol added, 
followed by thorough mixing, then allowed 
to stand for 15 minutes a t  room temperature. 
The precipitate was kept in suspension by 
mixing, transferred to a cuvette, and optical 
densities read on a Leitz Model M photome- 
ter using the yellow filter (580 mp). In the 
preliminary experiments 3-5, in the bio-assay 
experiments, 4 to 14 liver samples were used 
at each dose level. A standard glycogen cali- 
bration curve was obtained by using a gly- 
cogen sample prepared fro'm chicken livers. 

(b) One-day-old fasting Leghorn chicks 
were given 2 anti-inflammatory steroids dis- 
solved in oil orally (total volume 0.05 nil) 
through a syringe. The animals were sac:& 
ficed 17 hours later and the liver glycogen 
determined as described above. 

Results. 1. TCA-extractable glycogen con- 
tent of untreated chick embryos. This liver 
glycogen fraction represents a major portion 
of the total and undergoes changes with the 
maturation of the embryo similar to those 
observed with the total glycogen content. 
These changes are represented in Table I. 
There is no marked increase until the 16th 
day of incubation. A t  the 19th day, the 
values are about 2 times higher than a t  1 2  
days. Similar data were reported by Guzman- 

Garcia et aZ( a), who' found moderate increase 
of total liver glycogen between the 12th and 
14th day and a marked increase at 18 days 
of incubation. 

2.  Onset and duration of glycogenic actioa 
of cortisone as compared to fluocinoloae ace- 
tonide. Embryos were injected on the 12th 
day of incubation, and liver glycogen deter- 
mined at 14, 15, 16, and 19 days. The re- 
sults are shown in Table I, indicating that: 
(a) Oil controls (.05 ml of corn oil) showed 
a slight increase of liver glycogen content at  
14 days as compared to the uninjected con- 
trols. (b) The response to cortisoae was at  
its maximum on day 14 and declined by day 
16. (c) In contrast to cortisone, the effect of 
fluocinolone was slower developing. Maxi- 
mum respome was obtained at days 15 and 
16, and only moderate decrease in the gly- 
cogen conteat occurred at  day 19, indicating 
a considerably slower degree of inactivation 
of the latter steroid. 

3. Influence of anti-inflammatory steroids 
on the liver glycogen content on embryos 
treated at  12 days of age. (a) Fluocinolone 
acetonide: (6  alpha, 9 alpha, difluoro pregna- 
1,4-diene, 11 beta, 16 alpha, 1 7  alpha, 21 
pentol, 16, 17 acetonide (Synalar@). The 
influence of this agent on the liver glycogen 
of the developing chick embryos has been 
analyzed in detail. Doses as low as .012 pg 
injected at  12 days of incubation produced 
significant increase in the liver glycogen con- 
tent at the 15th and 16th day (Table 11). 
A series on embryos of 9 days of incub'ation 
(Table 11) indicated a somewhat higher de- 
gree of sensitivity but a lo'wer degree of ac- 
curacy of the assay. Considering also the 
small size of the liver of these embryos, it 
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TABLE 11. Changes of Liver Glycogen Produced by Fluociiioloiie Acetorude in Chick Embryos 
of Different Age. 

injected analyzed cLg (g/100 g tissue) n Slope X 
Age when Age when Dose Liver glycogcn (&  S.D.) 

- 9 14 
.006 
.012 
.025 

.006 

.012 

.025 

.05 

.025 

.10 

- 12 16 

- 16 20 

.59 ( .27) 
1.22 ( .27) 
2.30 (1.06) 
2.94 ( .63) 

1.14 ( .43) 

2.97 ( .43) 
5.50 ( .49) 
1.73 
1.50 
4.3 

1.25 ( 3 3 )  

1.99 ( .75) 

5 2.86 .23 
5 
ti 
5 
7 4.83 . l l  
9 
8 
6 
7 
3 
3 
3 

11 = number of samples. 

was not practical to use eggs at  the earlier 
developmental stage, then 1 2  days. Sensitiv- 
ity a t  a later state of development was also 
tested at 16 days of incubation, sacrificing 
the embryos at 20 days. The doses neces- 
sary to produce measurable increase of liver 
glycogen were 2 to 3 times larger than at 
12 days (Table 11). Since the weight of 
the embryo at 16 days is also about 2-3 times 
the weight of that of a 12-day-old, the dif- 
ference in sensitivity is due rather to the 
increased body weight than to the change 
of inactivation rate of the steroids in the 
older embryo. (b) Other anti-inflammatory 
steroids: Cortisone and 3 other synthetic anti- 
inflammatory steroids: flurandrenalone (ace- 
tonide) - (6a-fluor0, 16a hydroxyhydrocorti- 
sone acetonide), flumethasone- (6a,9a difluoro, 
1 6 ~  methyl, 1 lp, 17a, 2 l-trihydroxypregna-1, 
4-dione and prednisolone were tested for their 
glycogenic activity. The embryos were treated 
on the 12th day of incubation and were sacri- 
ficed on the 16th day, except for cortisone, 
which was assayed on the 14th day. The 
results are presented in Table 111. 

The extremely low dose levels in Tables 
I1 and I11 indicate that the chick liver gly- 
cogen test is a very sensitive assay procedure 
for anti-inflammatory steroids. For example, 
the threshold dose of fluocinolone acetunide 
producing significant change in liver glyco- 
gen was .012 p g .  The sensitivity of the most 
commonly used bio-assay procedures, i.e., 
thymus atrophy test, is about 50 times lower 
than that. 

x = index of precision. 

The accuracy of the embryo assay is satis- 
factory with the highly potent anti-inflamma- 
tory steroids studied. The h values varied 
between . l l  and .33. A decreasing degree of 
accuracy seems to exist, however, with the 
decrease in potency of the steroid. This might 
be due to a toxic effect of the larger quanti- 
ties of the less potent compounds (cortisone, 
prednisolone) which may interfere with the 
linear increase of the liver glycogen at the 
higher dose levels, thereby suppressing the 
slopes. Such an effect was indicated by the 
fact that the 2 lowest slopes were found 
with the 2 least potent compounds. 

(c) Bio-assay of anti-inflammatory ste- 
roids on the l-day-old chicks. Two anti-in- 
flammatory steroids ( fluocindone acetonide 
and flumethasone) were tested on l-day-old 
chicks as mentioned in Methods. Results are 
presented in Table IV. Although a definite 
dose response correlation can be detected, 
the precision and sensitivity of this assay 
utilizing oral administration od steroids is 
inferior to that of the embryo assay. The 
oral administration, however, offers certain 
advantages; for example, in detecting resi- 
dues of anti-inflammatory steroids in animal 
tissues. The glycogen assay, even in this 
less sensitive form, still seems to be of more 
value than other less specific, less sensitive 
and probably also less accurate procedures 
of detecting anti-inflammatory steroids by 
continued feeding into newborn chicks meas- 
uring the growth curve of the animals. An 
additional advantage of the glycogen assay 



ASSAY OF ANTI-INFLAMMATORY STEROIDS 3 89 

TABLE 111. Effect of Some Anti-Inflammatory Steroids 011 Liver Glycogen of Chick Embryos. 

Dose Liver glycogen (2 S.D.) 
Compound in llLg (g/lOO g tissue) n Slope A 

Cortisone 

Prednisolone 

Flu randrenolone 

Flumethasone 

- 
1 0  
20 
40 
80 
- 
.5 

1.0 
2.0 
4.0 
8.0 
- 
.025 
-05 
.1 
.2 

.025 

.05 

.1 

.2 

- 

1.02 ( 2 7 )  
1.38 ( .40) 
2.15 ( .79) 
3.18 ( 3 9 )  
2.98 ( .62) 
1.05 ( 2 5 )  
1.04 ( .49) 
1.38 ( .79) 
1.95 (1.20) 

3.3 (1.74) 

1.23 ( -24) 
1.98 ( 3 4 )  
2.23 ( .77) 
4.60 (1.54) 
5.00 (1.63) 

.96 ( .35) 

.88 ( .25) 

4.89 (2.21) 
6.99 (1.26) 

2.1 (1.22) 

2.22 (1.18) 

8 1.78 .38 
8 
9 
7 
8 
9 1.88 .58 

11 
11 
12 
8 
4 
6 3.34 .33 
7 

10 
8 
8 

10 6.77 .la 
11 
14 
11 
8 

n = No. of samples. 
Embryos were injected at 12 days and assayed a t  16 days. 

TABLE IV. Effect of Fluocinolone Acetonide and Flumethasone on Liver Glycogen of l-Day- 
Old Chicks. 

Dose Liver glycogen (+- S.D.) 
Compound in  llLg (g/lOO g tissue) n Slope x 

Fluocinolone acetonide 1.0 
2.0 
4.0 
8.0 

Flumethasone - 
.5 

1.0 
2.0 
4.0 

1.44 (.15) 
1.41 (.20) 
1.98 (.34) 
2.43 (.74) 
3.29 (.95) 
1.46 (.32) 
1.68 (.37) 
2.06 (.54) 
2.63 (.38) 
2.78 (.47) 

9 
7 2.08 .27 
9 
8 
8 

11 1.29 .34 
11 
11 
11 
11 

is its relative rapidity. The results are ob- 
tained within 24 hours in the case of the 
newly hatched chicks and within 4 days in 
the case of using embryos. Analysis of vari- 
ance of the data as obtained with fluocino- 
lone acetonide in the embryo and l-day-old 
chick experiments was calculated and vari- 
ance ratioqF, of 8.79 for the chick embryo 
series and of 14.64 for the l-day-old chick 
series were obtained. Analysis of curvature 
of the dose-response regression lines indicated 
that they did not significantly differ from 
straight lines (P= > . 5 ) .  

Summry.  A bio-assay procedure for highly 
potent anti-inflammatory steroids is de- 

scribed utilizing the changes in TCA-extract- 
able liver glycogen content of either chick 
embryos. a t  12-16 days of incubation or of 
newly hatched chicks. The embryo assay is 
more sensitive than other commonly used bio- 
assay procedures for determination olf anti- 
inflammatory steroids. Newly hatched chicks 
react to lesser extent, but seem to be suitable 
for rapid detection of small amounts of anti- 
inflammato'ry steroids in crude biological 
samples (k, residues in animal tissues). 

The authors express their thanks to Mr. James 
Work for statistical evaluation of the data. 
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Free- Living Nematode Caen orh ab dit is br iggsae .* (3786) 
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Kaiser Foundation Research Institute, Richmond, Calif. 

Previous work with axenic culture of the 
free living nematode, Caenorhabditis briggsae, 
led to isolation of a heat labile fraction from 
liver which was essential for maintenance of 
these cultures in an otherwise chemically de- 
fined medium( 1,2). Subsequently, this frac- 
tion has been further separated by chroma- 
tography on hydroxylapatite( 1A). The glob- 
ulin recovered has the interesting property of 
being “activated,” that is, certain specific 
treatments increased the biological activity 
30-fold. This phenomenon may have a bear- 
ing on the availability of proteinaceous ma- 
terials in biological systems. This proteina- 
ceous growth factor is present in most animal 
tissues as well as in bacteria. Preliminary 
studies show that the material is effective 
in a wide range of biological systems. 

The first method of activation discovered 
was freezing the growth factor in the basal 
defined medium. This activation proved to 
be limited in stability and restricted to rela- 
tively acid media. The need to expand the 
cultural conditions led to reexamination of 
the activation process and to the develop- 
ment of other methods of producing this 
effect. Recently activation has been produced 
by dialysis of growth factor to low phosphate, 
by controlled periods of heating, by lowering 
the pH of the defined medium to 5.6, and 
by addition of proper levels of the sucrose 
polymer Ficoll (Pharmacia) . 

With several methods available for activa- 
tion, the next step was a critical evaluation 
of the effects of each separately and in com- 
bination with each other. In this the out- 

* Supported in part by U.S.P.H.S. Grants A1 
00926 and AM 06004. 

standing results obtainable with Ficoll soon 
became evident and increased emphasis was 
given to this phase of the investigation. 

MateriaZs and methods. The free-living, 
self-fertilizing protandrous nematode C. brigg- 
sae was used under axenic conditions in all 
assays. Stock cultures were maintained in 
a medium containing liver extracts ( 2,3 ) . 
Larvae used in assays were derived from eggs 
laid by young adults( 1). Three larvae were 
inoculated into duplicate 1101 X 75 mm tubes 
containing 0.25 ml aliquots of the medium 
to be tested. 

Effectiveness of culture media was meas- 
ured by time for maturation and reproduc- 
tion(4,l). Time of maturation was deter- 
mined by observations at  % day intervals 
and calculated to 0.1 day based on the rate 
of appearance of F1 larvae. Previous obser- 
vations had shown that the rate of larvae 
produced at  the 100 g / m l  level averaged 
one larva per adult every 2% hours, i.e., 0.1 
day. The time at which the first larva hatched 
was thus calculated to 0.1 day. Worms were 
observed for 20 days, any worm not pro- 
ducing an F1 by this time being classified as 
a non-maturer. Degrees of effectiveness of 
different media were compared by rates of 
maturation expressed as relative response. An 
F1 time of 2.8 days, obtained when worms 
were grown with E. coli on agar slants( 1),  
was considered the maximum response 
(=lOO). 

The medium used to measure dose response 
consisted of two components( l ) ,  the basal 
medium of chemically defined ingredients and 
the proteinaceous growth factor preparatioa. 
The growth factor used for these experi- 


