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In the literature, there are references to the fact that any vitamin deficiency in the animal organism may 
bring with it disturbances in the metabolism of another vitamin. Thus, for example, M. S. Levinson [3] refers 
to the works Of Raduan and Misho, who induced in rats (animals not sensitive to absence of vitamin C in food) 
the:diiease of  scurvy by depriving them of all  the water-soluble vitamins. 

Dogs, widely used for experimental purposes, like rats do not require intake of vitamin C [2] �9 In the 
dogs, asis;known,*one cannot induce scurvy by exclUding vitamin C from the food. Nonetheless, with induced 
thiamine or vitamin B comple x deficiency, investigators, as a rule, always add to the diet vitamin C in 
natural or synthetic form [1, 3, 5]. 

We decided to find out whether there is change in the course of the experimental polyneuritis in the dogs 
if vitamin C is excluded from their diet. As was r o b e  expected, the general ciinieal picture of the diseased 
dogs with. vitamin ~?1 deficiency did not differ from that described in the literature [1, 3, 5]. However, in the 
last days of the life of the dogs( 3- 5 days before death), we found in the experimental animals hemorrhagic 
diarrhea and vomiting of blood-symptoms not characteristic of vitamin B deficiency. 

It was necessary to carry out patho-morphological investigation of the dead animals in order to identify 
file causes of the phenomena observed. 

As is indicated in the literature, with tile development of thiamin or vitamin B complex deficiency in dogs, 
one observes the following patho-morphological changes : hyperemia, extravasates, occasional signs of edema in the 
tissues of the brain, lungs, liver, kidneys, etc ; in the cortex of the brain, the diencephalon and the cerebellum, 
one finds degenerative changes of the nerve ceils and neurophage. As regards ~:e cardio-vascular  system, one 
notes enlargement of the right heart, edema,and colloid swelling of the Vascular muscle, congestion in the 
lesser circulation, increased capillary permeability. In the stomach, no special changes are usually noticed. 
In the intestines, one occasionally observes manifestations of subacute enteritis ; the mucous membrane is usually 
poor and swollen, and in the submucous layer, one sees at times accumulation of small l ymphocytes [3]. In the 
peripheral section of the nervous system, one finds degenerative changes in the ganglia and nerve fibers (the 
latter are by no means found in all cases). 

Analyzing the changes of the gastro- intestinal tract of the dead dogs in our experiments, we found the 
following special features. 

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

In our experiments, two dogs were used-females ~ 3-4 years of age, weighing about 20 kg. The deficiency 
in thiamine was achieved by feeding the ,~imaIs with autoclaved food (4 hours at 125~-130 *) . The daily 

* Presented on June 2, 1955 at the session of the Gorky Scientific Society of Patho-Anatomists. 
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Fig.  1, Frontal section of the ,~; ~s~J.' :.].te~[' ,- 
dog Volchok 3 t~Icers iu : ; : c o , ,  - > ~ : :  

(Reduced)  

ration consisted of: bread (250 g), groats mi l l e t  (250 g), 
meat  (250-300 g), vegetables (100-200 g), and miik  
(200 g)o To the food was dai ly  added 4 mg riboflavin 
and nicot inic  acid,  and one tablespoonful of  fish oii.  No 
ascorbic acid was introduced into the food. 

The richness of the diet  was ascer ta ined  on the 
con'~ol dog of the same weight and sex as the exper imenta  1 
ones, fed on ~ e  same amount of food, not subject  to 
autoclaving. Fat1 in body weight and deviations from the 
normal in the condition of  the eontroI dog were not 
observed, 

tn order to check the comple te  destruction of  thiamin 
on autoclaving,  pigeons were used, which died with signs 
of marked vi tamin B~deficiency when fed on autoclaved 
food, 

The dogs were subjected to dissection 1 to 3 days aft.er 
dearie~ The mate r i a l  obtained was fixed in a 10% solution 
of neutral  formalin; and after this, p laced  in ce l lo id in  
according te the general ly  accepted method. The  sol idif ied 

Fig~ 2~ T >  : '. o~-" cf the ulcers depicted in Fig. 1. 
Nee~osi~ o r)< : : : c c~s  r~en~brane, lymphoid ce l lu lar  , 
infi l trat ion at 'r;~,~<: border between the mucous and sub- 
mucous membranes,  er~,largement of the vessels. 

microscopic sections were subjectec~ c :~: : : ial  ~tainingo We conducted his tological  examinat ion  of  the internal  
organs ( l iver ,  spleen, kidneys, lungs~ heart~ stomach and intestines), of the central  nervous system, and per ipheral  
ganglia, lin order m show up ~ e  hi~':ological c}~anges~ we stained with hematoxyl in -eos in ,  Sudan 11I and pierofucl~in,  

according to NissI, and iron~co~tain!.n~ pig.me~ 

E ~P ~RiMENTA L RESULTS 

The exper imenta l  dog Shar~k die~: a~ the end of the 5th month after commencemen t  of  the exper iment ,  
although during the final weeks i t  r~eeive~:~ wi&~ f~e food increasing doses of  v i tamin  I l l  (from 0,15 to 30 mg per 
os, subcutaneously and i~nt~aver~eusty) ~?eag; ~;'as accompanied  by frequently recurring convuls ive  fits, gastre-  
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Fig. 3., Small intestine of Dog Volchok. 
Hemorrhagic enteritis; cyst-like 
distended glands, filled with formal 
elements of blood. 
(Microphotography (ocular %'I, ob; 8). 

intestinal disturbances (vomiting and sanguineous dysentery) 
and complete exclusion of conditioned reflex activity. 
The loss in weight in the last 5 months of life was 19% 

In the second dog Volchok, the first clinical symptoms 
of disease appeared in the same period as for Sharik, i. e., 
at the end of the 4th month of the experiment. However, 
after receiving with the drinking water 0.15 and 0.5 mg 
thiamin (two administrations at intervals of three days) 
all the signs of thiamin deficiency disappeared. Later, 
Volchok, as before, received autoclaved food, deprived 
of vitamin B 1. 

The first symptoms of thiami~a deficiency after this 
appeared within 5 weeks in the form of periodic lessening 
of appetiteand sporadic disturbances of the intestine, 13 
weeks later, the dog died with signs of disturbed coordination 
of movement, sanguineous dysentery and blood vomiting. 
The loss of weight in the final 2 months was 18.5%. 

On examination of the dead animals, we found in 
Volchok traces of blood vomiting in the form of reddish- 
brown, foul smelling liquid filling the oral cavity. In 
Sharik, before death, copious unceasing salivation was 
seen. 

In both dogs, the ceils of the subcutaneous fatty 
tissue were very well developed. Considerable deposits 
of fat were seen in the mesentery, the peri-renal tissue 
ceils, around the heart, and in other organs. In the 

Fig. 4. Proliferation of endothelium cells and plasmo hemor- 
rhagia of the wall of small blood vessel of the heart in dog 
Volchok. 
Microphotography (ocular 7, ob. 8). 
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abdominal  cavi ty ,  a small  arnom~t of  Iigi~t yellow, slightly turbid liquid was found. 

Tile nmcous mcmbraues  of lhe inoutb, glottis and esophagus did not have macroscopic changes, and were 
not subjected to histological  examinat ion~ 

The stomach was modcrat<4y full of  reddish -brown liqnido Its serous membrane  did not have visible changes ; 

runny fi)Ids were seen in tim mucous membrane.  51 .%arik, in the flmdus of  file stomach together with 
curvature,  there were many regions of hyperernia,  spin:ted hemorrhages,  and some smal l  surface erosions. 

The entire length of the small  intestine h~ both dogs was fi l led with l iquid sanguineous contents. Tim wall  
of the h~testines was thickened,  *Ira mucous membrane smooth and swollen with diffuse scat tered hemorrhage in 
the form of spots. In the i l i ac  intest ine,  a smaIt  number of hemorrhage-f reeregious  were found. In general ,  we 

noted a gradual decrease in the amount  of hemorrhage in the direct ionfrom the frontal to the hind part of the 

srnall intestine. 

Ial the flontai section of l]le iqlnn(:st intestine,  we found some ulcers (in Sharik 3 and Volehok 5), oval 

and well  outl ined,  with. a d iameter  of 10 to 15 m m  (Fig. 1). 

On his to logica l  examinat ion of the pi t  of the stomach, hemorrhages in the surface layer  of  the mucous 

membrane  were found. Hemorrhages were also r, oted in the pancreas. 

The intest inal  ulcers were regions of n<crotic mucosa, demarca ted  from the submueosa by lymphoid cel lu lar  

elements.  In the centra l  part,  the ulcers of the ce l lu lar  inf i l t rat ion were less marked.  The vessels 
of  the submucosa were enlarged (Fig. 2). hi the a.,bmucosa, signs of atrophy were seen ; in the muscular  and 

serous layers of  the intestine~, no changes we~e observed. 

The mueosa of the smalt  intestim~ w:~ widely infiltra'~ed with erythrocytes with an admixture of  lymphoid 
cells ; a well marked l iem0rrhagie diaped~.i< ia the lumen of the glands, some of which as a result were cyst-  

l ike  distended (Fig. 3). 

I~ other internal  organs, we fonnd the following changes : l iver  of  a dark reddish color,  e last ic ,  on transverse 

cut,  well  vis ible  "nutmeg ~ and some granulat ion.  The ga l l  b ladder  was overf i l led with a very thick 
ol ive  colored bi le .  His to logical ly ,  in the l iver ,  we discerned en la rgement  of  the Iumen of the centra l  veins, 

and of  the ad jacen t  capi l la r ies  which were f ; l led with blood cells.  

In the hepa t ic  ceLtS-granular  degenera t ion- f ine-drop  fatty dystrophy, pycnosis of  the nuc le i ;  in the kupfer 

cells  there were signs of swe:ling and some hcmosiderosis. 

The spleen was reduced iil size,  wrinkled, flat,  with a surface of grey-s tee l  color ; on transverse cut dry, 

c innamon-reddish color. Microscopical ly ,  atrophy of  the lynqph fol l icules ,  reduction of  peri-foll~cul.ar zone, 
decrease in number of ce l lu lar  e lements  of the blood, and insignif icant  hemosiderosis were noted. The kidneys 
were sl ightty swollen in the cor t ica l  and medul lary layers,  there were many pointed and spotted hemorrhages,  

microscopiea l Iy  we found marked enlargement  of  some smal l  blood vessels, espec ia l ly  in the cor t ica l  layer ,  
prol iferat ion of the ep i the l ium ce l l s  in the renal  bundles, turbid swelling, pycnosis of the nuclei ,  and focal fine- 

drop fatty dystrophy of the ep i the l ium of  the renal  tubules. The  urinal bladder  was empty  ; its mucosa had no 

visible changes. 

~a the pleural  cavi t ies ,  there was about 200 ml  of a transparent fluid of  a faint yellowish color. The lungs 
were f i l led with air. His to logica l  examinat ion  Showed thickening of the a lveolar  wails, and in the interst i t ia ,  an 

insignif icant  deposit  of  grains of a dark c innamon.pigment ,  not giving an iron reaction.  

In the card iac  s tem there was a sinai1 amount  of  transparent reddish fluid. The hear t  was di la ted  to the 
size of  man 's  fist. On the epicardium,  there were many spotted hemorrhages assuming a diffuse character  in the 

auricles.  The  right hear t  was great ly enla~ged. In Volchok, the thickness of  the wal l  of the right vent r ic le  was 

3-8 ram, of  the aur ic le  t . 5 - 2  m m ;  of  the lef t  ventr ic le  16 mm and the aur ic le  4 ram. The  spotted hemorrhages 
were noted 'under  the endocardinm, and deeper  in the myocard ium of  the rigI~t and 1eft heart ,  in the papi l la ry  muscles 

and at  the base o f  the a r te r io-vent r ieu lar  valves. We also found edema of  the tricuspid valve to 4-8 m m  and less 
expressed of the bicuspid valve.  Microscopical ly ,  fresh and traces of  old hemorrhagic  loci  were found in the 

card iac  muscle,  turbid swelling and disappearance of  the transverse striatious of the muscular fibers. 
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Particular at tention was evoked by changes in the blood vessels in the hear t  of  Volchok. In the small  
vessels, signs of  plasmorrhagia were obse rvcd- thepene t ra t ion  of the walls of  the vessels by an a lbumen 
substratum, se lec t ive ly  stained with eosin (Fig. 4). We noted frequent continuous infi l t rat ion of  the walls of  the 
vessels by celhf lar  e lements  of  the blood, and proliferation of the epl the l ium cells.  These changes were of a focal 
character ,  a ffcetiug sections of  the individual  vessels. In the foci of  the hemorrhages,  contiguous with such parts, 
proliferation of the histiocytes was wimessed. 

Macroscopical ly ,  the changes in the central  nervous system were noted only in Sharik in the form of  in- 
significant di lat ion of the cavit ies  of the la te ra l  chambers of the brain. His tological ly ,  in the brain and spine, in 

the intervertebral  ganglia,  no prominent  changes (with the use of  the above-ment ioned method of investigation) 
were seen. In Volchok, pyenosis of the Purkin cells in the cerebe l lum were seen. 

More marked t ! is to-pathological  changes were to be found in Volchok, which died as a result of the development  

of repeated thialnine deficiency.  

On analYSiS of the pa tho-morphologica l  and c l in ica l  mater ia l ,  an underlying connect ion between the c l in i ca l  
picture of the disease and the morphological  distrubanees of the corresponding organs was noted. Obviously, the 
cause of the intest inal  hemmorrhage in the exper imenta l  :animals was a highly pronounced hemorrhagic  diathesis,  
connected with diapedesis,  in part icular  chronic ulcers, forming in the small  intestine. 

The pa tho-morphologica l  and c l in ica l  picture did not give sufficient grounds to enable one to speak of 
disease of the animals  involving scurvy alongside polyneuritis.  One could only note an unusual extensive hemorrhagic 
affection in our dogs, compared with what has been described in the l i terature.  This par t icular ly  appl ied to the 

hemorrhagic affection of the intestine. Ia: addition, what was new was the development  of numerous ulcerat ions 
in the gastro- intest inal  tract.  

~: the l i tera ture ,  we have not found descriptions of ulcerous lesions of the digestive t ract  in  dogs exper imenta l ly  
deprived of v i tamin B 1 . Only M. S. Levinson [3] indi rec t ly  refers to the fact that  in a series of experiments  with 
polyavi taminosis  in one dog, he observed a manifestat ion of  ulcer  in the intestine. He ten ta t ive ly  associated this 
fact with vi tamin A def ic iency.  However, our experiments  do not bear  out this hypothesis,  since we regularly gave 

fish oi l  to the  exper imenta l  animals.  

In addit ion,  we succeeded in finding references [4] to the development  of ulcerous involvement  of  the gastro- 
intestinal  t ract  in colts with an experimental  def ic iency of v i tamin  B complex and C. In the experiments  9f" 

A. P. Onegov et  al ,  as in our work, the exper imenta l  animals  did not have an intake of supplementary v i tamin  C. 
The colts also belong to the group of  animals which in na tnra l  conditions do not require v i tamin C in their  food. 

The authors of the work [4], l ike  us, did not succeed in inducing marked symptoms of  scurvy in the colts. 

Among the lesions of other internal  organs, part icular  at tention was aroused by changes in the heart  in our 
dogs, which were at the root of the severe disturbances of card iac  ac t iv i ty  in the exper imenta l  animals.  In the 
first stage of  development  of avitaminosis,  bradycardfa was present (60-90 beats a minute).  With a det iorat ion 
in the condit ion of the an ima l s ,  bradycardia  was replaced by tachycardia  (up to 200 beats a minute).  Respiratory 
arrhythm which was normal ly  weakly expressed in the dogs rose sharply in the period of  bradyeardia ,  and disappeared 

with the manifestat ion of taehycardia .  In the E. C. G. readings recorded at various stages of  development  of 
vi tamin B1 def ic iency,  at first a sharp intensif icat ion of the tonus of  the vagus nerve (bradyeardia ,  respiratory 

arrhythm) was noted and then its paralysis occurred or the heart  somehow evaded its influence ( taehycardia ,  comple te  

disappearance of  respiratory arrhythm). On the e lec t roeardiagram,  the most common reading was seen in inversion 
or di-phasing of the T wave. In Volchok, a steady break down of the R waves was witnessed, The tonus of  the 
vessels in the final days before death of the animals fell  heavi ly .  The  veins col lapsed  The ar ter ia l  pulse was 
felt with difficulty.  

The above-described pa tho-morphologiea l  disturbances in the cardiac  muscle (hypertrophy, edema,  
hemorrhage; degenerat ive  changes of the muscle fibres) represented typ ica l  consequences of v i tamin  Bl~ deficiency.  
What was new in our experiments  in comparison with the l i terature  findings was the discovery of  signs of  

plasmorthagia ,  endo-and mesoarteri t is  of  the cardiac  vessels. 

As for the central  and peripheral  nervous systems, the disturbances proved to be typica l  of  p01yneuritis. 
The development  stages of c l in ica l  thiamin def ic iency in our animals ,  as also the t ime  of their death,  did not 
deviate  from the normal. 
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However, there is no doubt that the development of ulcerous affections of  the gastro-intestinal tract with 
vitamin B deficiency ill the dogs in our experiments was not forttiitous. It is possible that here, absence from the 
dlet not only of  thiamin, but of ascorbic acid is of  significance. In the given case, it is not clear whether on a 
marked thiamin deficiency in the dogs, there takes place in absence of vitamin C intake disturbances of  the 
functions of  the organism in relation to auto-synthesis of  vitamin C. 

Thi~ question must be the subject of further detailed and thorough study. 

It is possible that study of this question will enable one to make progress in clarifying certain aspects of the 
etiology and pathogenesis of ulcerous diseases. 
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