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TABLE 1 

I'ROGENY FROM MATINGS 0' FEMALES HETBI~O~PGOUSROf: 
I~EMOE'H11,IAWITH IIEMOI'HILIC MALES* 

Pups in litters B'e'emnles Mirlcs 
-

Litter 

No. Totnl No. Herno- Nan- Henro-
herrro-No. tested philii~csDllilincs philincs plrilines 

* Four darns nnd two sires were used in these mntings. 
Two dnms hnd two litters ei~ch ; litters 2 nrrd 5 were from 
one dam, litters 3 and 6 f~o rn  nrrotlrer di11n. Arrinlnls not 
tested were ertoer stillhorn or (lied during tl12 first 2 (lass of 
hfe. In litter 1, dnni snftered from djbtoviil, nrrd only tllc 
tirst few pups nerr  viable. 

ously ( 3 ) .  A%lof tli&n have suffered from many hernor- 
lllngic episoilrs, pzrticularly hcmarttrroses and subcutane- 
ous hernorrl~agcs. The joint liemorrhagcs have recurred 
frequently, and in the two oldest animals pcrmanel~t 
joint deformities have rc~sulted. Repeated tr:tnsfusions 
of normal plasma, in amounts varying from 2 to 4 inl/Bg 
body wciglrt, (lave served to control the hemorrhagic 
manifestations, and no animal thus treated has died 

TABLE 2 

Clotting I51~cding ~rothrorrrtrin ~~~~~i~~Dog time tirrre uti1izc.d 
No' (Lee-White) (n1ucou.; n~ inafter 

1nrhnrk)rnne) during lst transfnsion 

min 

1 70
-> 61 

3 56 

4 60 

5 120 

6 110 


Normal 
Control 52 

1 I\Iethodu used in these tests were ilcricribcd prrsvjoi~sly 
( 8 ) .  TrntisfuSinqrs consisted of nofriiinl citknted dog plasma 
given in n dose of 3 ml/kg body weight. 

Table 2 stlows the results of one group of clotting 
studies on tlre fcniale bleeder dogs. All of these ani- 
mals showed prolonged clotting time, norrrral bleeding 
time, delay ill prcthrombin utilization in  shed blood, and 
:I normal or near17 normal clotting time following tmns- 
fusions of normnl plasma. These fintlings, along with 
othcr studies, indicate tha t  the female bleeders differ 
only irk sex froin the hemophilic male dogs previously 
described (3). Like human hemophiliacs ( I ) ,  they ap- 
Itcar to he deficient in a plasma factor required fo r  
platelet utilization and mobilization of tliromboplastin. 

As f a r  as can be determined, thcsc animals arc the 
first cztses of true hemophilia in the female. That the 

genotype X~,XI,is not a letiial combination, a t  least ill 

dogs, is of considerable interest. Indeed, the close 
:~pproxirnation 02 the observed incidence to  tllc expected 
incidence of this genotype suggests tha t  there i s  no 
tcmdmcy toward prenatal lethality. Our findings sug- 
gest tha t  the laclc of fcmale hemophilia in humans is  duo 
to the paucity of matings between fcmale heterozygotcs 
and hen~optrilic males. 
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Diabetogenic Effect of 
Dehydroglucoascorbic Acid1 

John W. Patterson 

Department of Anatomy, School of  Medicise, 
Westera Reserve University, Clevsland 

Dehydroascorbic and deirydroisoa$corbi(~ acids have 
heen shown to produce diabetes (7, 8) .  They are be-
lieved to be the only substanccs of known chemical strue- 
ture, other than compou~rds related to  alloxan, that  will 
p r o d ~ ~ c c  a f o xlasting diabetes af ter  administration of 
dobes. It seemed important to investigate the possible 
diahctogcnic action of related compounds. Therefore, 
diltetogulonic and dehydroglucoascorhic acids were se-
lected for study in rats. 

lliketogulonic acid was obtained by permitting achy- 
droascorbic acid, prepared by the oxidation of L-ascorbic 
acid with quinone ( a ) ,  to mutarotate a t  room tempera-
ture for  14  days (10).  Jus t  before injection into the 
rat, the acid was neutralized to p H  6.7 with 2N NaOIX. 
Ncatralization required one equivalent of alkali. The 
product is stahlc a t  this pI1 (2). Dcl~ydroglucoascorhic 
acid was prepared by oxidation of D glucoascorhic acidg 
with quinonc as previously rlescri1)cd ( 8 ) .  

Six male rats of the Sprague-Yawlcy strain, ranging 
in weight hctwccn 98 and 130 g, wcrc given intravenously 
17.7 millimolcs of diltctogulonic acid per k g  follo~ving 
48 h r  of starvation. The rats showed no liyperactivity, 
lacrimation, or increased salivation after the injeetiol;. 
Blood sugars were determined on six occasions during 
the 2 weelrs folIowing injection, and tliere was no hyper- 
glycemia in any of tlre animals. The rats g:~incd weight 
normally during this period. 

Another series of male rats of the Spraguc-Dawley 
strain were in~ectcd  intravcnously with dehydrogluco-
ascorbic acid following 48 11s of starvation. After the 
injection tliere was no hyperactivity, lacrimation, or in-
creased salivation. Witlr a dose of 8.5 niillimoles per kg, 

1 Aitlrd in part by ;r grnrrt from The Pernianerit Srience 
Ii'~rn(l of the Arnerican Academy of Arts nnd Sciences. 

2 Samples were gmeronsly s~lpplird by 1)r. TI. G. 1,ntlrer of 
Cl~as. I'fizer '% Co. ; 1)r. P. P. (:ray of Wallcrstei~i Labora- 
tories ; nrid Dr. A. Welch of the Pl~arniaroloqy Url~artment, 
\\'estc.i.n Reserve tJrr;versity 
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TABLN 1 

DIABETOCENIC 08 INTRAVENOUS INJECTIOxS 01 DEEIYDLIOGLUCO~~CORBIC RATSACTION A C I D  I N  MALE 

-I li't (in g) 
Dehydro-

gluco-
No. of aacorbic 
rats acid Before 

range milli-
moles/kg 

injection 2-3 
Bars 

* Starved 24 hr ; all others starved 48 hr before injection. 

no hyperglycemia was noted. With a dose of 11.4 milli- 
moles per kg, a slight transient hypergylcemia resulted. 
With doses between 17.0 and 19.3 millimoles per kg, fire 
of the rats developed a hyperglycemia that persisted for 
a minimum of 5 weeks. Other rats developed transient 
hyperglycemias. Doses greater than 20.0 millimoles per 
kg were fatal. Blood sugars were determined by a 
inicrornetllod ( 1 ) .  The results are summarized i n  
Table 1. 

The product resulting from mutarotation of dehydro-
ascorbic acid is thought to be diketogulonic acid (2,  9, 
11),which results from the opening of the lactone ring. 
This substance is stable in acid solutions and in slightly 
alkaline solutions (8 ) .  I n  the concentration used in this 
experiment, which is over twice the diabetogenic dose of 
dehydroisoascorbic acid, diketogulonic acid did not have 
any diabetogenic properties. Tlre fact that the ring 
form, dehydroascorbic acid, has about the same diabeto- 
genic potency as dehydroisoascorbic acid ( 8 ) would sug- 
gest that a ring structure is essential for the produc- 
tion of diabetes. This is in keeping with the finding 
that derivatives of mesoxalic-acid, which is a constituent 
of the alloxan ring, are also inactive (3, 4, 6). 

The dehydro derivative of D-glucoascorbic acid tiiffers 
from the corresponding derivatives of L-ascorbic and 
D-isoascorbic acids in that the configuration of the asym- 
metric carbon involved in ring formation is of the 
oppasite type, and i n  t&. t h e z ~ i s a nextra carbon on the 
side chain. I t  is also different in that it  has no physio- 
logical activity in scorbutic animals (18). I t s  ability 
to produce mhat appears to be permanent di~betes  in  
rats indicates that the configuration of the asyinrnetric 
carbon which is involved in ring formation is not a de-
terminilig factor for diabetogenic action. The fact that 
it  is necessary to use over twice as much of .the gluco- 
ascorbic acid derivative as was necessary with the de-
rivative of isoaseorbic acid (8) may not be related to 
the relative action of thcae compounds s t  the site of 
diabetes production, but may be only a reflection of some 
factor such as permeability. I t  is known that gluco-

Avg blood sugar in mg/100 ml blood 

After injection 

3-4 
days 

1 
week 

2 
weeks 

3 
weeks 

4 
weeks 

5 
weeks 

ascorbic acid is not concentrated in the fluid of the 
anterior chamber of the eye, whereas ascorbic and iso- 
ascorbic acid are concentrated there equally well (5). 
If this reasoning may be extended to the dehydro forms 
of these compounds, it would be in keeping with tho 
idea that permeability may be the factor responsible 
for the larger dose requirement of dehydroglucoascorbic 
acid. 

Since diabetes can be produced from the dehydro 
derivatives of L-ascorbic, D-isoascorbic, and D-gluco-
ascorbic acids but not from diketogulonic acid, i t  is  
evident that the ring is important in the production of 
diabetes. By analogy with alloxan, the three adjacent 
carbonyl groups are also important. The configurations 
of the asymmetric carbons do not appear to be deter-
mining f:~ctors in the diabetogenic action of these com-
pounds. It is hoped that it will be possible to test some 
substance such as the dehydro form of reductic acid to 
determine whether the hydroxyl groups may be of im-
portance in the production of diabetes. 

The lack of hyperactivity, Incrimation, and increased 
salivation following the injection of diketogulonic and 
dehydroglucoascorbic acids, ncither of which has any 
antiscorbutic activity, again suggests that the finding 
of these symptoms following the injection of dehydro-
ascorbic and dehydroisoascorbic acids is a reflection of 
a possible biochemical function of asrorbie acid (8 ) .  
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