
Pilot plant" ,Laboratory?Vitamin sanlple sample 

Carotene, mg/lb 218.0 
Thianlin, mg/lb 11.0 4.5 
Riboflavin, mg/lb 26.2 16.3 
Niacin, mg/lb 54.0 109.0 
Pyridoxine, mg/lb - 10.4 
Pantothenic acid, mg/lb 3.6 
Choline, mg/lb -
Biotin? yg/lb 	 -
Vitamin B,,, pg/lb 45.0 
Ijipoic acid, acetate u/mg 1.5 

* Mlcrob~ological assay bg J. J. Mayernlk and Ua\id Ilend- 
lin, of Merck & Co., Jan. 196%. 

i Grown by Stanford Research Institute in continuous di- 
lution culture apparatus ; assay by Curtis and Tompkins, San 
Francisco. Data taken from unpublished report from Stanford 
Research Institute to the Research Corporation ot New York, 
March 22, 1950, by permission. 

acid, and choline chloride (group 4) did not improve 
the results. Chicks fed the same diet without Clilorella 
(group 5) attained slightly heavier weights. The last 
group of chicks (group 6) was fed the complete 
broiler nlash, which not only contained adequate levels 
of all nutrients, but also an antibiotic, thus accounting 
for the additional growth improvement obtained. 

The apparent growth-depressing action resulting 
from the inclusion of 10% dried Chlorella to  the ade- 
quate supplemental diet is believed to be due to the 
llygroscopic nature of the Chlorella. Chicks fed this 
level of dried Chlorella exhibited an impacted beak 
condition. This mechanical impediment interfered with 
feed consumption and, consequently, resulted in a 
slightly lower total weight a t  4 weeks of age. Three 
other groups of chicks not shown in the table were 
also included in this study. These groups received 21/2, 
5 ,  and 20% Chlorella, respectively. Impacted beaks 
also were noted in the chicks that received 2% and 
5% algae. The chicks that received the 20% level 
developed impacted beaks and beak deformities, so 

TABLE 3 


EFFECTO F  DRIED CHLORELLA BODY WEIGHT 
ON AND 
FEEDEFFICIENCY CHICKSOF 

Gi*ooup Av wt G feed 
Treatment at 4 wks required/S o .  

( g )  g gain 

1 Basal ration 135 (13) 3.1 
2 As 1t 10% chlorella 262 (16) 2.4 
3 As 1+ 10% ehlorelln t 

0.1% DL-methionine 298 (16) 2.3 
4 As 1+ 10% chlorella i-

0.1% DL-methioninet 
vitamin mixture* 292 (16) 2.3 

3 A s  1+ 0.1% DL-me-
thionine t vitamin 
mixture? 316 (16) 2.2 

G Complete broiler mash 342 (16) 2.2 

* Numbers in parentheses refer to surviving chicks. 
iVitamin mixture supplied the following per lb of diet :  

G wg vitamin B,,, 2 mg rihoflavin, 1 0  mg  niacin, 2 mg calcium 
pantothenate, 150 mg choline chloride, and 2500 IU vitamin A. 

that their feed consumption and growth rate were 
greatly lowered. The hygroscopic nature of the Chlo- 
rella used in this trial is not considered a serious 
handicap for  its use in feeds since it is expected that 
suitable processing methods can readily be developed 
which will eliminate this problem. No other harmful 
effects were observed in the chicks fed Chlorella. The 
consistency and appearance of the chick droppings 
were normal. 

Although a mechanical difficulty was observed in 
the use of the vacuum-dried algae, the results denion- 
strate clearly that dried Chlorella may serve as  a 
source of certain dietary nutrients for  the chick. 
Proni the nutritional analysis of this material and the 
growth data obtained, dried Chlorella seeiris to sup- 
ply important quantities of carotene and certain B-
complex vitamins. Additional work is required to es- 
tablish further its nutritional value. This information, 
combined with a determination 04 bhe cost of produc- 
ing Chlorella on a large scale, \?ill help decide to  
what extent Chlorella m&y be considered a new foo'd 
source. Even the. present limited study indicates that 
it  may well be considered as a potential food source 
in  areas of limited agricultural resources. 
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Concerning the Ability of Homing Pigeons 
to Discriminate Patterns of Polarized Light 

K. C. Montgomery and Eric G. Heinemannl 
Department of Psychology, 

Cornell University, Ithaca, New York 


The search for  the sensory basis of bird navigation 
is apparently f a r  froni ended, despite the large num- 
ber of investigations devoted to this problem (2-3). 
The demonstration by von Frisch (4) that honeybees 
can discriminate aniong patterns of polarized sky 
light, and that t,bey appared ly  zlt5ze such patterns 
as  cues in their homing flights, suggests the possibility 
that migratczry and homing birds possess a similar 
ability.2 The present paper reports an experimental 
test of this possibility. I f  homing pigeons do utilize 
polarization patterns of sky light as  cues in their 
flights, they should be able to discriminate readily be- 
tween two visual stimulus patterns, one of which con- 
sists of light polarized in one plane and the other of 
light polarized in a plane orthogonal to the first. 

The subjects were three homing pigeons, 1-2 years 
1 The senior author is now a t  Yale University ; the junior, 

at  Harvard University. 
2 This possibility was mentioned by Donald R. Gr i5n  in a 

talk attended by one of the writers about two years ago. 
The writers wish to express their appreciation to Dr. G r i 5 n  
for  his interest and cooperation in the present study. 



The apparatus consisted of an unpainted box 
12" x 12" x 14". The front  panel of the box contained 
a ground-glass stimulus key 1" in diameter and a 
food-delivery magazine placed directly underneath the 
key. The key was illuminated from behind by virtu- 
ally homogeneous blue light obtained by passing light 
from a mercury lamp through Corning filters Nos. 
5113 and 3389. The light was conducted to the key 
through a lightproof metal tube 9'' long and 1%''in 
diameter. Four  in. from the key the tube was inter- 
rupted by a sliding panel (stimulus slide) containing 
6 openings, each of which was covered with a piece 
of polaroid. Three polaroids were oriented in the same 
plane; the other three were oriented in  a plane a t  an 
angle of 90' from the first. Light polarized in one 
plane was made the positive (rewarded) stimulus; 
light polarized in the other plane, the negative (un- 
rewhrded) stimulus. Three positive and 3 negative 
stimuli were used in order to eliminate the possibility 
of the birds' establishing a discrimination on the basis 
of a n  irrelevant cue-e.g., distinctive marks on the 
polaroids. 

The response measured was key-pecking. A Harvard 
Cumulative Recorder and an electric counter were used 
to measure pecking behavior. Purina laboratory chow 
for  pigeons was employed as  a food reward; before 
and during the experiment this chow was par t  of the 
birds' standard diet. 

The first phase of the experiment consisted of grad- 
ually reducing the body weight of the birds, over a 
period of about 2 weeks, to  8 0 4 5 %  of normal. This 
weight was maintained throughout the rest of the 
experiment. 

The second phase consisted of preliminary training 
in which the birds were (a)  adapted to the experi- 
mental box, (b) trained to approach and to eat 
promptly from the food magazine when i t  was opened, 
and ( c )  trained to peck the unilluminated key for  
food reinforcement. Both auditory and visual stimuli 
signaled the opening of the food magazine-the sound 
of the food-delivery motor and the flashing on of a 
light placed immediately over the magazine. 

I n  the third phase of the experiment each bird was 
given 6 h r  of discrimination training. One 30-min ses- 
sion was given on each of 1 2  days. During each session 
fifteen 1-min presentations of the positive stimulus 
and fifteen 1-min presentations of the negative stim- 
ulus were made. The order of stimulus presentation 
was randomized, subject to  the restriction that neither 
the positive nor the negative stimulus appeared more 
than twice in succession. The stimulus was changed 
every minute by moving the stimulus slide to a pre-
determined position. All responses to  the positive 
stimulus were reinforced with food; no responses to  
the negative stimulus were reinforced. During this 
training cumulative responses were recorded graph- 
ically. Careful study of these records yields no evi-

Grateful appreciation is expressed to Otto Meyer, chief of 
the Pigeon Breeding and Training Center, Fort  Monmouth, 
N. J., who lent the pigeons to us. The birds are  carrier 
pigeons of the kind bred, trained, and used by the Signal 
Corps. 
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dence that any of the birds formed a discrimination. 
The fourth phase consisted of extinguishing the 

birds to a criterion of 10 min of no responding. The 
procedure was exactly the same as  during discrimi- 
nation training except that no responses were rein-
forced. The total number of pecks emitted during each 
minute of exposure to  the positive and to the negative 
stimuli was obtained from counter readings. These ex- 
tinction data provide a n  additional, and perhaps a 
more sensitive, test of whether the birds developed a 
discrimination between the two planes of polarized 
light. The results are  uniformly negative. Table 1pre-
sents the total number of pecking responses emitted 
under the positive and negative stimulus conditions 
by eacfi bird f o r  5-min extinction periods. The only 
bird that gave any  evidence of having formed a dis-
crimination is pigeon 33. F o r  this bird the number of 
responses performed during each 1-min presentation 
of the positive and of the  negative stimulus was tabu- 
lated. A t-test was run on the differences between the 
means based on these totals. The value of t is 1.40, 
which falls within the .lo fiducial limits. Thus, neither 
the acquisition nor the extinction data provide any 
evidence that homing pigeons can discriminate be-
tween planes of polarized light. 

I n  the final phase of the investigation two of the 
birds were trained on a simple brightness-discrimina- 
tion problem. Exactly the same apparatus and pro- 
cedure were used as before except fo r  one apparatus 
change: a second piece of polaroid was placed in the 
light-conducting tube and was so oriented that the 
positive stimulus was the same (except fo r  a slight 
reduction in brightness) as  in the original discrimi- 
nation training and the negative stimulus consisted 
of very dim, if not the total absence of, illumination. 
One bird was given two 30-min sessions of training; 
the other, four  30-min sessions. This procedure pro- 
vides a check on whether the birds (a)  could "see" 
(i.e., learn to respond to) the discriminative stimulus 
provided by the blue light, and (b) were "intelligent" 
(i.e., capable of forming a simple discrimination). 
The results are  summarized in Table 2. These data 
indicate clearly that both birds learned the brightness 
discrimination very rapidly, and that they were capa- 
ble of responding to the blue light. 

The results do not support the hypothesis that horn-

TABLE 1 

Subject 
5-Min 
period 3 4 6 

t - t - t - t -

1 127 88 8 
2 88 68 9 
3 5 1  58 24 
4 70 67 12 
5 44 45 21 
6 56 20 2 
7 56 39 0 

Tota l  568 



Subject 

5-Mi11 3 	 6
period 

-

1 170 54 95 50 68 13  
2 187 82 62 3 109 30 
3 206 54 51  1 102 32 
4 160 43 88 47 84 2 
3 167 7 87 25 117 2 
6 158 12 79 40 79 0 

Tota l  1048 252 	 1021 245 

ing pigeons can discriminate among planes of polar- 
ized light. I t  is evident, however, that they can form a 
simple brightness discrimination very rapidly. Hence, 
it is concluded (a)  that if homing pigeons can dis-
criminate a t  all among patterns of polarized light, 
they can do so only with extreme difficulty, and ( b )  
that it  is highly unlikely that homing pigeons make 
rlie of patterns of polarized sky light as cues in their 
homing flights. 
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Extraction of Adrenal Cortex Hormone 
Activity from Placental Tissue 

Richard H. Johnson and William J. Hainesi 
Research Laboratories, 

The Upjohn Company, Kalamazoo, Michigan 


Several kinds of mammalian tissue have been ex-
amined in our laboratories in a n  effort to find sources 
of naturally occurring adrenal cortex hormones other 
than adrenal tissue itself. As a result of such studies, 
evidence has been obtained for  the existence of this 
type of biological activity in human and equine pla- 
cental tissue. 

The investigation of the adrenal hormone content 
of human placentas2 was initiated in conjunction with 
our preparation of crude placental extracts fo r  stud- 
ies by William H. Pearlman, of the Jefferson Medical 
College. A report on the latter work has recently ap-  
peared ( I ) . I n  subsequent experiments, the placentas 
were collected a t  a local hospital, frozen quickly in 
solid CO,, and processed by a standard procedure for  
isolating adrenal cortex hormones (2, 3 ) .  The result- 
ing "neutral hormone concentrates" were anaylzed for  

Two different methods of bio-assay were employed: 
the rat  liver glycogen deposition test (4)  and the ra t  
survival growth test ( 5 ) .  The resulting data are pre- 
sented in  Table 1. 

TABLE 1 
ADRENAL HORMONF, EXTRACTSCORTEX CONTENTOF 

OF HUMAN TISSUEPLACENTAL 

Glycogen Survival
deposi-

Lot t ionX No. growth:  S o .  
No. r a t s  (u/kg r a t s

ju/ky tissue)
tissue) 

* One unit in the ra t  liver glycogen deposition test is the 
amount of bio-activity equivalent to 0.1 mg 17-hydroxycor-
ticosterone (Iiendall's compound F, hydrocortisone). 

t One unit in the ra t  survival growth test is the amount 
of bio-activity tha t  will cause 80% of the test animals to 
survive for 20 days and grow a t  an average rate of 1g/day. 

Enmistakable evidence for  the existence of adrenal 
cortexlike hormone activity was observed for  each of 
three individual lots of human placental tissue. It was 
of particular interest that the ratio of the two types 
of adrenal hormone activity observed for  Lot 1 was 
approxiinately 4 survival growth units/glycogen depo- 
sition unit. This is essentially the same ratio of bio- 
activity that is observed for  extracts of adrenal tissue, 
which indicates some similarity in  the qualitative char- 
acter of the extracts of these two tissues. The yield of 
bio-activity from human placental tissue, however, 
which was observed to vary from 1.4 to 4.5 units of 
glycogen deposition activity/kg in these experiments, 
is much less than that from adrenal tissue. It has been 
found in these laboratories that the usual recovery of 
this type of activity is about 25 u/kg from beef 
adrenals and 50-100 u/kg from hog adrenals. 

Studies similar to those just described were also 
done using equine placentas. The two methods of bio- 
assay utilized in these experiments were: the ra t  liver 
glycogen deposition test and a modificatioii of a test 
described by Grollman ( 6 ) )  involving the measure-
ment of the gain in weight of adrenalectomized wean- 
ling rats. The yields of adrenal hormone activity from 
three individual lots of tissue are  presented in Table 
2, where it  is seen that the glycogen deposition activ- 
ity varied from 3.0 to 17.0 u/kg of tissue. A ratio of 
approximately 90 weight gain u/glycogen deposition 
unit was obtained in the case of Lot 1.Here, again, 
the ratio of these two types of bio-activity is in  the 
general range of that observed for  extracts of adrenal 
tissue. It is of interest that the yield of total hormone 

their content of adrenal cortex hormone a c t i ~ i t y . ~activity from equine placental tissue is about the same 
1 R e  wish to ackno\vledee the heloful interest shown in 

this work by M. H. ~cuizenga. 
a We are indebted to Richard H. Barnes, of Sharp & Dollme, 

Glenolden. Pa.. for the human nlacentas used in the ore-
liminary investigation. 

8 We are indebted to I<. J. Olson, R. 0. Stafford, and D. F. 
Riel for  the bio-assay data  reported in this  paper. 

as f rom human placental tissue and thus much less 
than the yield from adrenal tissue itself. 

The small amount of active material that has been 
obtained to date from placental tissue has prevented 
the characterization of the individual hormone com-


