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DRILL 

FIG.3. Sample block. 

The differential thermocouple is  made from two leads 
of 28-gage Chrome1 wire c0nnected.b~ a. short length of 
28-gage Alumel wire. The fine wire is  used in order to 
eliminate conduction of heat away from the specimen 
and the short length of connecting Alumel wire is  used 
for the same reason. The output of the differential ther- 
mocouple is  fed through a resistance box into a galvanom- 
eter having a short time constant. The position of a 
light beam reflected from the mirror of the galvanometer 
suspension is recorded on a Beckman Photocell Recorder 
(National Technical Laboratories, Pasadena, California). 

For automatic operation of the installation, the control 
unit, recorders, and galvanometer light are wired through 
a Type T-27 General Electric time switch which may be 
adjusted to start  the run and then to turn off the in- 
stallation (see Fig. 4)  after a preset time interval. 

Samples of 25 mg to 100 mg of material, ground to 
pass a 200-gage screen, are being used for the analysis. 
For maximum effectiveness the samples are packed im- 
mediately around the thermocouple junction. Using spe- 
cially designed tools, i t  is  possible to pack the material 
consistently into the sample hole a t  530 psi, while a t  the 

FIG. 4. Photograph of installation for thermographic 
anaylsis showing furnace, controller, recorder, galvanometer, 
time switch, vacuum gage, and punlp. 

same time assuring horizontal and vertical centering of 
the thermocouple junction. 

The sensitivity of the differential recording installa- 
tion is approximately t 0.15 millivolt. This sensitivity can 
be increased by the substitution of a more sensitive gal- 
vanometer, a procedure that should enable the analysis 
of samples of smaller size. 

During current operating practice with organic mate- 
rials, the bell jar is  evacuated to 1mm of H g  and pump 
operation is continued throughout the experiment. The 
analysis of clays or inorganic samples can be made 
without the use of vacuum. 
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Developmental Failure of the Pituitary in 
Amphibian Embryos Treated with Sugar 

Richard M. Eakin 

Department of Zoology, University of California, Berkeley 

A striking syndrome of abnormalities was obtained in 
embryos and larvae of the Pacific tree toad, Hyla regilla. 
by immersing late blastulae or beginning gastrulae, unre- 
moved from the jelly, in a 10% solution of sugar (su-
crose) for 14-20 hr a t  room temperature. Gastrulae so 
treated showed retardation of early gastrular movements 
and complete inhibition of gastrulation beyond the large 
yolk-plug stage. An exposure longer than 24 hr was 
usually lethal. Neurulae, developing from gastrulae re-
turned to pond water, exhibited varying degrees of 
foreshortening of the archenteron and, correspondingly, 
of the medullary plate. Abnormalities frequently oh-
served in the tail-bud stag'e included delayed formation 
and reduced size of the stomodeum, partial or complete 
fusion of nasal and sucker placodes, small irregular optic 
vesicles, and dorsal bending of the body. Larvae were 
characterized by the following features: albinism of the 
type caused by a deficiency of the melanosome-expanding 
hormone of the intermediate lobe of the pituitary; 
monorhina; reduction or complete absence of mouth 
parts ; fused suckers ; reduction in size and irregularities 
in form of eyes; partial or complete situs inversus of the 
gut ;  circular swimming movements owing to the dorsal 
bending of the body and tail ;  and little or no progress 
toward metamorphosis. All of the above abnormalities 
appeared in various combinations and to different d e  
grees according to the length of treatment. Larvae de- 
veloping from embryos immersed in the sugar solution 
for 14-16 hr  showed mild symptoms; those exposed for 
18-20 hr were highly abnormal. These observations 
have been made repeatedly and upon large numbers of 
animals. The cause of the anomalies has not yet been 
analyzed, but i t  would appear that  because of the dis- 
turbance to gastrular movements-presumably an osmotic 
effect-the inductive role of the mesoderm was impaired, 
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possibly through altered spatial and temporal relation- experimental animals were successfully maintained until 
ships between the mesoderm and ectoderm or possibly the controls, dereloping under identical conditions, had 
through a direct physiological effect of the treatment completely metanlorphosed. These animals-albinos, of 
upon the mesoderm. course-were entirely larval in character except for the 

FIG. 1. Larvne of Hyla regilla developing from gnstnllae 
treated with augnr. A. Young tadpole erhilbiting albinism. 
monorl~inn, and abl~ormal eyes. B. Thyroid-fed albino tad. 
pole in a final stage of metamorphosis. 

I n  this preliminary report only one aspect of the pic- 
ture will be given further comment, namely, the hypo- 
pituitary effects. Albinism appeared in a high percent- 
age of the larvae developing from gastrulae treated for 
16-20 hr. The silvery appearance of the tadpoles (see 
Fig. 1A) was identical with that obtained by hypo- 
physectomy by Smith. ( 5 ) ,  Allen ( I ) ,  Burch (4), and 
others. Both dermal and epidermal melanophores were 
markedly reduced in number, and their melanin pigment 
was highly concentrated so that the melanosomes ap- 
peared as dots. The xanthophores, on the other hand, 
were numerous and their yellow pigment fully dispersed. 
I n  older animals the xanthophores formed a continuous 
silvery sheet over the body and dorsum of the tail. The 
eyes became so covered with xanthophores that the black 
tapetum was almost entirely obscured. 

The second manifestation of hypophyseal deficiency 
was poor progress toward metamorphosis. Ten or twelve 

development of small limb buds. A few specimens at- 
tained a differentiation of the bind limb representcd by 
stage X I  of Taylor and Kollros (6), in which the rudi- 
ments of all five digits are presellt. Mouth, skin, gut, 
and other structures, however, showed no mctnmorphie 
changes. The tadpoles grow in aim, nevertheless, some 
exceeding the controls in bodily length. To a group of 
six large albino larvae, thyroid substance wns fed. I n  
14-20 days, four of the surviving animals metamor- 
phosed. One of the young frogs in a final stage of meta- 
morphosis is shown h Fig. 1B. Even after metamor- 
phosis the skin was completely silvery, owing to the very 
numerous and fully expanded epidermal xanthophores. 
I n  certain regions only, such ss in the larval skiii of the 
tail (see bottom of Fig. lB) ,  could the melanophores- 
still highly contracted-be observed. 

The cause of these manifestations of hypopituitary 
function lies in the failure of the pituitary to develop 
normally. I n  all of tlie animals, about twenty thus fa r  
sectioned and examined microscopically, the infundibu- 
lum was poorly formed, and the liypophysis was a small, 
single body of cells lying beneath, but not in contnct 
with, the brain. I n  some instances the hypophysis was 
separated from the brain by cartilage, in others by con- 
nective tissue. In  no specimen could lobes-porter dw- 
talis (nnterior), intermedia, and tuberatis--bo obserrod. 
Thus tho l~ypophyscs was morpholog i~ ly  undiffcrcnti- 
ated. The Iiypophysis of J - O U I I ~  larvae scomed also un- 
differentiated Iiistologically, but those of older albinos ex- 
hibited some differentiatiin, sucli as acidophils. As yet, 
however, only hematoxylin-oosin preparations have been 
made. 

The consistent picture of albinism, even after induced 
metamorphosis, and the absence of a pars intermedia in 
these sugar-treated animals, give added support to the 
theory of Blount (2, 3) and Burch (4) that the differ- 
entiation of the intermediato lobe of the pituitary re- 
quires contact of the hypophysis with the floor of the 
brain, perhaps specifically with the infundibulum. 

That a similar conclusion-9upported by Burch but de- 
nied by Blount-holds for the pars distalis is not clear in 
these experiments. The fact that my sugar-treated ani- 
mals showed only poor progress toward metamorphosis 
until they were fed thyroid substance points to a defi- 
ciency of thyrotropic hormone resulting from a defective 
development of che anterior lobe. I n  this connection it 
should be noted that Blount's albino Amblystoma larvae 
did not metamorphose, and his photomicrographs (3, 
Figs. 14 and 19) of their thyroids show follicles with 
dense colloid and low follicular epithelium, suggestive of 
inactivity. Yet he infers the presence of an active an- 
terior lobe. On the other hand, in my sugar-treated 
animals there was some evidence of histological differen- 
tiation in the hypophysis, some progress in the develop- 
ment of limbs, and in some specimens a definite picture of 
thyroid activity. These facts speak against a claim for 
dependent differentiation of the pars distalis. 
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A Very Water-soluble Riboflavin Derivative 

George B. Stone 

Technical Service Departmeet, Cbas. Pfizer &- Co., Inc., 
Brooklyrz, N e w  York  

For  the past ten years a not inconsiderable amount of 
invcstigatiou has bcen carried out i u  an  effort to  incrcase 
the water solubility of riboflavin (vitamin D2) cithcr by 
the use of solubilizers or by tlie preparation of soluble 
derivatives. Dcspite some thirty or morc rcfcrenees and 
patents, rel>resentil~g several hundred solubilizers or sol- 
uble deriv:ltives, fcw, if any, are of practical significance 
for  pliarmaecutienl application. Ribofla\-in i s  not only 
sparingly soluL~lt: in water, but in almost evcry othcr sol- 
vent. It is, ho~vevcr, relatively soluble in concentrated 
sulfuric acid. Iilvestigation of this significant solubility 
in concentrated sulfuric acid led to the isolation of a 
very matcr-soluble riboflavin derivative. 

The C O I ~ I ~ O U I I ~  prepared by dissolving g ofwas 50 
riboflavin, little by little, in 200 ml of concentrated sul- 
furic acid \vith vigorous stirring, while the teu~perature 
mas maintaineil a t  40"-50" C. Mixing was continued for 
1-2 hr until the mixture mas homogeneous and it was then 
quenched I J ~pourilrg it over 1 k g  of crncltcd ice. The 
resulting solution was neutralized ~vitli slurried calcium 
hydroxide to a p H  of (5.5, mith the tcn~pcrature being 
maintained below 70" C. The precipitated gypsum was 
filtered off, wasl~ed with hot water, and tllen repulped 
with hot water, filtered, and again washed. All washings 
were added to the original filtrate. Assay by the flu- 
orometric method indicated tha t  the original 50 g of ribo- 
flavin mas present in this solution. The solution mas 
concentrated under vacuum to a volume of lcss than 500 
ml and filtered to remove further gypsum precipitated 
during concentration. The filtrate was then freeze-dried 
to yield 114 g of a fluffy yellow-orange powder, which as- 
sayed fluorometrically 57.2% riboflavin, equivalent to  a 
yield of 100% based on the weight of the riboflavin em- 
ployed originally. 

The co~npound is stable in air  and nonhygroscopic. It 
is very soluble in water, and aqueous solutions containing 
10% mt/vol of riboflavin have been prepared-a solubil-
ity 1,000 times greater than tha t  of riboflavin U.S.P. It 
is soluble in methanol and slightly soluble i n  ethanol, and 
it decreases in solubility with the higher alcohols. It is 
soluble in glycerine, propylene glycol, and pyridine; 
slightly soluble in acetone, glacial acetic acid, and chloro- 
form; insoluble in benzene, ether, ethyl acetate, methyl- 
ethylketone, and carbon tetrachloride. Aqueous solutions 
are heat-stable a t  15 psi fo r  120 min in the p H  range 
from 1.0 to  6.5. 

Preliminary chemical analysis seenis to indieate t ha t  
the compound may be represented by the empirical for- 
mula, C,,II,,N,O,,S,,Ca, inasmuch as  the compound con-
tains calcium and sulfur, a portion of the sulfur being 
present a s  sulfate. 

Fluorometric assay of the material yields a value of 
57.0% riboflavin. The absorption speetrum i s  identical 
.rvitl~ riboflavin U.S.P., having the same maxima and nlin- 
ima, but proportionately displaced because of the  lcsscr 
riboflarin eontent. Papcr  cl~romatograpbie absorption 
analysis indicates the material is  a pnre co~npound, much 
morc wntcr-solul~le than riboflarin U.S.P. 

~licrobiological assay by tlie U.S.P. XI11 revision 
mctl~od, ~ r l ~ i c l ~  inelutlcs a prclin~iuary hydrolysis nt  16 
psi for  30 min, yicldcd a value of 33.0% riboflavin. 
O~nission of the prcliniinary 11ydrolysis gave a value of 
1.5% riboflavin, whereas incrcasc of the time of hydroly- 
sis to 120 n ~ i n  gave a value of 40.2% riboflavin. 

Diologieal assay for  riboflarin by a standard rat 
growtll nrcthod cniploying a basal vitamin B complex-free 
dict, supplcme~~tcd \vitll those mcmbcrs of the B complex 
ot l~cr  than riboflavin, inilic:~ted thnt the riboflavia po- 
tcncy for the ra t  is  nln~ost nil. T l~c re  w6re indications 
of n slight antivitanrin activity of this compound. 

Further iuvcstigation of this nlaterial i s  anticipated. 

A Correction for Linkage in the 
Computation of Number of 
Gene Differences 

Everett R. Delnpster and Leon A. Snyder1 

Geltetics Divisioa, University of California, Berkeley 

The Castle-Wright formula ( 2 )  for  estimating the num- 
ber of gene pairs differentiating two strains with respect 
to some quantitative character is based on the increased 
variance of the F, as  compared to  the parental variance. 
A number of postulates on which this derivation is  bascd 
(1,  5, 6, 7 )  may be listed as  follo~vs: (1) The parents 
are homozggous. (2)  A11 the plus alleles differentiating 
the. two strains mith respect to the character considered 
are in one parent and all the minus alleles in the other. 
( 3 )  All gene differences affccting the character have 
equal effects. (4)  The effects of different allelic sub- 
stitutions are additive. (5)  There is  no linkage. Devia-
tions from postulates 2 to 5, with the possible exception 
of special epistatic effects (postulate 4 )  will always in- 
crease the F, variance, and therefore, since the lat ter  
appears in the denominator of the expression for  gene 
number, will bias the estimate toward lower values. Since 
actual situations are  usually a t  variance with most of the 
postulates listed, the expression in general leads to  mini- 
mum rather than unbiased estimates of the number of 
gene differences. 

Some modifications have been devised for  relaxing the 
postulates or otherwise extending the applicability of 

1 Present address : Department of Plant Sciences, Univer- 
sity of Oklahoma, Norman, Oklahoma. 


