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Exper iments  using cytochemical  and e l ec t ron -mic roscop ic  methods have shown that af ter  
adminis t ra t ion of dextran (polyglucin, s t ra in  SF-4), only glucose fo rmed  by the splitt ing 
of dextran in the body is ut i l ized in the proximal  convoluted tubules of the kidney for  
s t ruc tura l  and energy-producing purposes  of in t race l lu la r  metabol ism.  Most of the r e -  
absorbed dextran is deposited in the cell as l a rge  droplets  and takes no par t  in metabol ic  
reac t ions .  

The components of a plasma substi tute must  be readi ly  ass imila ted by the body t issues  for  plast ic  
purposes  [7]. This is one of the chief requ i rements  of a plasma substitute,  but unfortunately i t  has been 
inadequately studied.  

According to repor t s  in the l i t e ra tu re ,  the var ious dextran prepara t ions ,  s t ruc tura l ly  allied to poly-  
glucin, a re  incompletely el iminated f rom the body. In the f i r s t  24 h, about one- th i rd  of the adminis te red  
dextran is excre ted  in the urine [12, 14, 18]; it is not known what happens to the r e s t  of the dextran.  Dextran 
has been found in various t i ssues  of the body 1-3 months a f te r  its adminis t ra t ion [11, 14, 15]. 

Data have been obtained indicating that dextran is par t ia l ly  broken down in the body with the format ion 
of glucose molecules  [3-6, 16]. 

After  adminis t ra t ion of C14-1abeled dextran,  it was found in the expi red  CO2 and in glucose excre ted  
in the ur ine  [13, 14, 17], additional evidence that dextran par t ic ipa tes  in metabol ic  reac t ions .  

Since plast ic  and energy metabol ism,  ass imilat ion,  and dissimilat ion are  interconnected [l], and 
since the mitochondria play a leading role  in metabol ism and in the production of cell energy [8], the state 
of cell  nutr i t ion can be judged f rom the number,  s ize ,  and localizat ion in the cell of the mitochondria [10]. 
To investigate the state  of in t race l lu la r  metabol ism,  his tochemical  tes ts  were  ca r r i ed  out to de termine  
polysacchar ides ,  l ipids, phospholipids, prote ins ,  RNA (connected with protein metabolism),  and alkaline 
phosphatase (connected with carbohydra te  metabolism),  and to study the changes in these components during 
var ious  metabolic  react ions  of the cell in re la t ion  to changes in the mitoehondria .  

In this r e spec t  the proximal  convoluted tubules of the kidneys provide an excel lent  model,  because 
they reabsorb  not only plasma prote ins  of low and high molecular  weight, glucose, and e lec t ro ly tes ,  but also 
substances foreign to the organism,  f rom the p r i m a r y  ur ine .  

The Soviet p repara t ion  polyglucin, obtained f rom s t ra in  SF-4 of dextran,  was used in these inves t i -  
gations.  
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Fig.  1~ Proximal  convoluted tubule of the 
kidney 48 h after  injection of polyglucin. 
Large  conglomerates  of dextran (D) can 
be seen in the cells.  PAS react ion,  400 •  

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

Experiments  were ca r r i ed  out on 27 rats  weighing 200 
go To synchronize their in t racel lu lar  metabolism, the 
animals were fasted for 24 h, after which they received 5 ml 
polygluein parenterally. The animals were sacrificed by 
decapitation 30 rain and I, 2, 3, 24, 48, and 72 h after injee- 
tion of the plasma substitute (3 animals at eaeh time). Six 
rats were kept under the same conditions as the experimental 
animals and acted as controls. The kidneys were investigated 
after histological and histoehemical treatrnent. To detect 
mitochondria, the material was fixed in Champy's and Regaud's 
fluids, and stained by the methods of Cowdry and Kuhla, while 
polysaccharides were deteeted by the PAS reaction, alkaline 
phosphatase by Gomori's reaction, lipids were stained with 
Sudan black and Nile blue, phospho[ipids were detected by 
Menshik's method, and proteins were stained with a solution 
of bromphenol blue in mercuric chloride. Pieces of tissue 
for electron-microscopic investigation were fixed for 1.5-2 h 
in the cold in a 2% solution of osmic acid in veronal-aeetate 
buffer, pH 7.4. The material was embedded in a 4:1 mixture 
of butylmethylmethacrylate and catalyst. Sections were cut 

J 

on the SjSstrand LKB Uttratome and examined in the UEMB- 
I00 electron microscope, 

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

Dextran was found in the ceils of the proximal convoluted tubules of the kidney 30 rain after  its in jec-  
tion, as a result of its filtration through the glomerular filter of the kidney and its active reabsorption by 
ceils of the proximal convoluted tubules. 

Staining with hematoxylin-eosin showed that in the first hours after injection (30 rain, l,and 2 h) 
dextran was visible in the ceils of the proximal tubule in the form of yellow droplets. Yellow dextran drop- 
lets could also be seen in the lumen of the tubules and in the blood vessels between the tubules. Not only 
separate droplets, but whole conglomerates of dextran were found in the ceils of the proximal tubules 24, 
48, and 72 h after its administration. 

Staining for RNA revealed a picture almost identical with that observed by the use of hematoxylin- 
eosin: all the large drops were yellow in color, and the fuchsin dye was not taken up. A very small 
quantity of RNA could be found only in small granules. 

By the PAS reaction, small and medium-sized granules stained as glycoprotein granules, while the 
larger granules and conglomerates did not take up the stain and appeared in the seetions as yellow granules 
and droplets (Fig. I)~ 

No reaction for neutral lipids likewise was obtained by staining with Sudan black and Nile blue. Only 
during staining for phospholipids did the small granules appear bluish-green in color, i.e., they took up 
some stain for phospholipids. The larger drops remained yellow. The dextran droplets inside the tubules 
and in the spaces between them also remained yellow in color. 

In sections stained for protein with a solution of bromphenol blue in mercuric chloride, the small 
granules stained blue for protein while the large droplets remained yellow. 

Staining for alkaline phosphatase showed that the small granules possessed alkaline phosphatase 
activity. 

The small granules of reabsorbed polyglucin which, as described above, reacted with polysaccharides, 
proteins, phospholipids, RNA, and alkaline phosphatase, when stained for mitochondria appeared under the 
optical microscope like granular mitochondria. The large drops, on the other hand, remained yellow and 
did n6t stain for mitochondria. 
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Fig.  2 Fig. 3 

Fig.  2. Pa r t  of cell f rom proximal  convoluted tubule of r a t  kidney 24 h a f t e r  
admin is t ra t ion  of polyglucin.  Reabsorbed  dextran  (D) vis ible  in endoplasmic  
re t i cu lum (ER), 40,000 •  

Fig.  3. Space between tubules 24 h a f te r  injection of polyglucin. Space (S) 
f i l led with dextran drops  (D), 30,000 • 

The preliminary" resu l t s  of e l e c t r o n - m i c r o s c o p i c  invest igat ions conf i rmed the resu l t s  of optical m i c r o -  
scopy.  Dextran pene t ra ted  into the cel ls  of the p rox imal  convoluted tubules of the kidney and could be de -  
tected in the endoplasmic  re t iculum of the cell (Fig. 2). The l a rge  drops of dextran a lso  filled the spaces  
between the tubules (Fig. 3). 

The authors  r invest igat ions,  in which an imals  were  loaded with prote in  in o rde r  to de te rmine  the 
morphological  p ic ture  of in t r ace l lu la r  pro te in  metabo l i sm,  showed that during prote in  reabsorp t ion  c o m -  
plexes  a re  fo rmed  in the p rox imal  convoluted tubules of the kidney between the r eabso rbed  prote in  and 
po lysacchar ides ,  phospholipids,  alkaline phosphatase ,  and the RNA of the cell .  These  complexes  a r e  
d i rec t ly  linked with the cell mi tochondr ia .  The dimensions  and local izat ion in the cell of the mitochondria  
were  s i m i l a r  to the dimensions and local iza t ion of the g ranules .  Changes were  r eve r s ib l e ,  and 2-3 days 
l a t e r  the cell components  once again had the c h a r a c t e r i s t i c  appearance  of intact  cel ls .  

S imi lar  changes were  obse rved  a f t e r  glucose loading. This sugges ts  that  organic  subs tances  (protein, 
glucose),  when they enter  the cell ,  a re  used  by it for  p las t ic  and energy-produc ing  pu rposes .  This is 
mani fes ted  morphologica l ly  by the fo rmat ion  of complexes  which a r e  in t imate ly  linked with the cell mi to -  
chondria o 

Dextran loading showed that the reabsorp t ion  of this substance  takes  place mainly  in the proximal  
convoluted tubules of the kidney. This evidently explained the s m a l l e r  percen tage  of breakdown of dextran 
by ex t r ac t s  p r e p a r e d  f rom the whole kidney [3]. 

The morphological  invest igat ions not only conf i rm the resu l t s  of b iochemical  tes t s ,  but also demon-  
s t r a t e  the topographic  distr ibution of the injected ma te r i a l  and shed light on the dynamics  of a s s imi la t ion  of 
dext ran  by the ce l l s .  

His tochemica l  staining, even with Schiff 's  r eagen t  alone [2], enables the degree  of split t ing of dextran 
and i ts  par t ia l  par t ic ipa t ion  in metabol ic  reac t ions  of the cell to be es t imated .  

Polyglucin was obse rved  in the cel ls  of the proximal  convoluted tubules of the kidney 30 min a f te r  i ts  
injection,  as smal l  mitochondria l  granules  containing complex aggrega tes  of subs tances  in which were  
s i m i l a r  in type whether  the an imals  were  loaded with pro te in  [9], glucose,  or  polyglucin. Only a smal l  
p ropor t ion  of the polyglucin r eac t s  with the in t race l lu la r  components ,  in all probabi l i ty  the 5% glucose 
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solutions which are formed by the hydrolysis of this substance [6], and it must be supposed that only this 
glucose participates in cell metabolism, because the granules formed were identical with the granules 
produced after glucose loading. It thus follows that the cell uses only the organic substances for its plastic 
and energy-producing purposes, while the greater part of the reabsorbed dextran~ possibly the dextran 
dextrins formed by the detachment of glucose [6], are deposited in the cell in the endoplasmie reticulum 
as large drops. Further investigations will be carried out to determine the action of these substances on 
intraeellular metabolism. 
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