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A number of studies of al loxan diabetes have been made [1-4, 7-12, 14]. Nevertheless, untiI now, the origin 
of the new islets have not been identif ied,  and nothing is known of the quanti tat ive relationship between the a lpha-  
and be ta -ce l l s ,  nor of how they become transformed to the islets of Langerhans. Also insufficient work has been 
done on the changes occurring in the exocrlne portion of the gland in this disease. 

The object  of the present work has been to study the his tological  changes of the rat  pancreas during the gradual 
deve lopment  of diabetes  induced by dai ly  subcutaneous injections of small  doses (5 mg/100 g weight) of a 5~ aqueous 
a l loxan solution, while the blood Sugar was controlled by the Hagedorn-Hensen method. 

E X P E R I M E N T A L  M E T H O D S  

The work was carried out on 62 white male  rats weighing 180-260 g; 15 animals which did not receive al loxan 
served as controls. The experiment  lasted from i to 33 days. All  the rats were maintained on precisely the same 
diet .  During the whole of the experiment  observations were made on the external  appearance,  weight and the ex- 
tent to which the animals  could be exci ted by food. They were kil led by decapi ta t ion at various times during the 
deve lopment  of the disease. 

The ma te r i a l  was fixed in Bouin's fluid and in Zenker- formal .  Paraffin sections were stained by the usual 
methods, and the islet  cells were revealed by Gomori 's  method [13], A count of the a lpha-  and be ta -ce i l s  was 
made on 10 islets of Langerhans in each animal .  The figures were treated stat ist ical ly.  

E X P E R I M E N T A L  R E S U L T S  

An analysis of the his tological  changes of the pancreas and of the blood sugar curves revealed the variat ion in 
their sensitivity to a given dose of al loxan,  and on this basis the animals could be divided into three groups. 

The first consisted of 24 rats in which during the whole of the exper iment  the blood sugar concentration re-  
mained within the normal  l imits  of 85-105 mE%, * In the second group there were 18 animals in which the blood 
sugar was raised to 125-163 mg~ while the third group consisted of five animals  with an even higher blood sugar 
level  of !89-264 toga]o. In a l l  the animals the increase in blood sugar did not occur at  the same t ime after the in- 
jec t ion  of al loxan,  which was given on tile 4th, 10th, 17th, 23rd, and 28th days. However, as a rule the nature and 
intensity of the changes in the islets of Langerhans represented a functional index of the condition of the blood and 
of the an imal ' s  general  condition, independently of how long it had been ill .  

In the rats of the first group, despite the normal  blood sugar level ,  there was a moderate  pancreat ic  hyperemfa.  
Solitary degenerat ing be ta -ce i l s  were found in the islets of Langerhans. Some of them were increased in size, 
in others no nuclei  were visible,  and the cytoplasm showed no granularity or cel l  outline. The amount of DNA in 
the nuclei  of  these cel ls  was less than  in the unchanged ceils.  Besides the necrosis of the beta.-cells; l ike other authors 

* In heal thy rats the blood sugar has an average value of 95+ 10 mg%. 
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[2, 8, 4, 9, 10, 12, 14] we found that occasional ly  they mul t ip l ied  mi to t ica l ly .  We could observe no special  change- 
in the a lpha-ce l l s .  The ratio of the number of  cells of the islets of this group of rats was not normal;  there were 
91 • 2.3% be ta -ce l l s ,  and 9 :~ 2.5~ a lpha-ce l l s .  

In the second group the hyperemta of  the pancreas was more marked.  The destructive changes in the ep i -  
thel ium of the islets of Langerhansresembled those found in the first group, but there were more be ta -ce i l s .  I t  
must be emphasized that as the be ta -ce l l s  fel l  to 71 + 3.5~ the number of a lpha -ce l l s  increaser'  to 29 • The 
lat ter  developed at  the periphery of the individual  islets and were formed from protoplasmic, structures having 
closely packed nuclei ,  and rather indefinite ce l l  borders (Faller in 1958, described them as a "plasmodtum") .  The 
same thing was found in preparations stained with Heidenhain 's  iron hematoxyl in .  During the development  of 

the a lpha-ce l l s  from the "plasmodium" cytoplasm around the individual  nuclei  increased; around them also a p -  
peared cel l  borders, and a cytoplasmic granulari ty resembling that of the a lpha-ce l I s  (Fig. 1). The micrograph 
shows that the "plasmodium" lies near the interst i t ial  portion, and occupies a considerable part of the islet. In con- 
trol animals,  these structures are also found lying close to the islets of acini ,  but they are smaller  i n s i z e  than in 
the affected rats. Probably the formation of the "plasmodium ~ both in heal th  and in diabetes  takes p lace  through 
the mul t ip l ica t ion  of cells of  the interst i t ial  parts of the gland which are but s l ightly different iated.  

Fig. 1. Pancreatic gland of white rat 1t days after the inject ion 
of  altoxan. Blood sugar 125 rag%. t) Islet  of Langerhans; 2) ac in i  
of "peri- insular  zone," ft l led with zymogen grannies; 3) marked 
increase in the nuclei  of the interstt t t tal  cells. Fixat ion in Bouiu. 
Masson's stain. Magnif icat ion 800 x. 

In animals of the third group, in the islets of Langerhans there was a preponderance of a lpha-ce i l s ,  which rep-  
resented 65 ~: 6.6~ of the total ,  whereas the be ta -ce l l s  constituted only 35 ~ 6.6~ There were also islets which 

contained only a lpha-ce l l s  (Fig. 2); no "plasmodia" were to be seen. 

In the exocrine part of the gland, in the sick rats the b inuclea te  actnous cells in the "pert- insular"  zone were 
more numerous than in the control. Their increase in number may  have been due to an increased mi to t i c  ac t iv i ty  
of the actnous ceils as Duff [1I]  found inrats with alloxan diabetes.  In the same zone of the islet, sometimes acinous 
cells with a greatly al tered granular cytoplasm were observed. Here the cytoplasm of the apica l  portion lost its 
character is t ic  basophitia and zymogen granules, whereas the newly formed granulari ty stained as it aid in the be ta-  
cells. The basal portion of Lhese cells stil l  retained a marked basophil[a,  and the nuclei  were unaltered.  These 
changes are one of the indications of regenerat ion of the islet cel ls  from the exocrine part. Some authors [3, 5, 6] 
observed the same kind of transformation of the actnous cells into is let  cei ls  under other exper imenta l  conditions. 

It should be noted that as the d~tabetes develops, the size of the islets of Langerhans changes. In heal thy rats 

chiefly large and medium sized islets are found and there are far fewer small  ones; in d iabe t ic  rats, smal l  and 
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medium sized islets were more common, and the large islets were encountered only exceptionalIy.  Apparent ly the 
smal l  islets are newly formed, and develop from the interst i t ial  portions because they are connected to each other. 

The use of smal l  doses of aHoxan enabled us to ob- 
serve his tochemical  changes in the pancreas for a long t ime 
and to establish that there was a direct  relationship between 
the nature and intensity of the morphological  changes and 
the degree of disturbance of carbohydrate metabol ism.  With 
increase of hyperglycemia ,  the process of necrosis of the 
be ta -ce l l s  was accelera ted.  In addition, there was some 
regenera t ion  of the be ta -ce l l s  through mitosis and transfer- 
mat ion of some of the acinous ceils. At the same t ime there 
was also an increase in the size of the "plasmedium," which 
gave rise to new a lpha-ce l l s .  This process appears to be one 

ef  the compensatory mechanisms. 

S U M M A R Y  

Fig. 2. Pancreas of white rat  13 days after tI~e 
inject ion of al loxan.  Blood sugar 204 rag%. 1) 
The islets of Langerhans consist of a lpha-ce l l s  
only; 2) actnt of the "pert- insular  zone," f i l led 
with zymogen granules; 3) two acinus ceils 
great ly  enlarged before division. Fixat ion in 
Bouin. Gemori ' s  stain. Magnif icat ion 800 x. 

Repeated administrat ion of small  doses of al loxan (5 
mg/100 g of body weight) caused diabetes to develop gradu- 
a l ly  in albino rats. A direct  relationship could then be ob- 
served between the degree of disturbance of the carbohydrate 
metabol ism and the extent  of the morphological  changes in 
the pancreas: as the blood sugar concentration in the islets 
of Langerhans rose, the death rate of the be ta -ce l l s  also rose, 
and new gamma-ce l l s  were formed which developed from 
the "plasmodium." Most of the medium sized and small  
islets were found in diabet ic  rats. Changes were found in 
the acinous cells of the "pert- insular  zones," indicating their 
possible transformation into islets. 
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