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I t  is common knowledge that in human cases of glomerulonephritis 
a persistent anemia is frequently observed. In this connection there 
is legitimate interest in cases of spontaneous progressive glomerulo- 
nephritis in dogs which were included in the anemia colony. These 
dogs were under observation from birth to death and the hemoglobin 
production studied continuously through several years to death in 
uremia. A glance at the summary table below shows that even during 
the last year of life these dogs retain about two-thirds normal hemo- 
globin production. I t  is very doubtful whether this degree of in- 
capacity would result in spontaneous anemia in such dogs. During 
the last month or two when the non-protein nitrogen is high and the 
dog on the verge of uremia, the hemoglobin production may fall 
to zero in some cases (Table 6) but again may be only slightly im- 
paired (Tables 1 and 3). 

In contrast to this picture where the nephritic dog shows but little 
incapacity to produce hemoglobin under standard conditions we refer 
to similar experiments (2) to show that infection causes serious or even 
complete incapacity to produce hemoglobin. Experiments are 
reported to give convincing evidence that endometritis or sterile 
abscesses wiU cause almost complete inhibition of hemoglobin produc- 
tion in the standard anemic dog. One may raise the question there- 
fore whether in man the renal injury rather than some obscure focus 
of inflammation may be largely responsible for the anemia associated 
with chronic nephritis. 

Glomerulonephritis in the anemia colony is not rare and 11 per 
cent of the dogs show it at autopsy. We note frequently endocarditis 
which may have been a factor. As one cause of the endocarditis or 
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nephritis or both we suspect distemper. Distemper was common in 
the colony in the early years of this program but has been largely 
eliminated by the use of the Laidlaw-Dunkin vaccine. Intestinal 
infections with paratyphoid or dysentery organisms occur rarely in 
these dogs but this may be a factor. 

Glomerulonephritis in dogs as we observe it begins insidiously with 
albumin, casts, and a few red cells in the urine. There may be no 
clinical evidence of nephritis for years but we may observe short 
periods of low food consumption with or without vomiting. Grad- 
ually over one or several years the non-protein nitrogen of the blood 
increases, the casts become more numerous and functional tests show 
decreased renal elimination. Acute nephritis may supervene at the 
end. Food consumption fortunately is usually excellent even up 
to the last week or so preceding uremia. 

Anatomically the kidneys present the general picture observed in 
human glomerulonephritis. The kidneys show a scarred surface, the 
cortical striations are obscured and the cortex often narrowed. His- 
tologically the glomeruli show adhesions between the capsule and 
glomerular tuft. The glomeruli may be large or small and may show 
hyaline degeneration. Casts are numerous in the tubules which 
show abnormal epithelium. Nests of mononuclears appear frequently 
in the stroma of the cortex and the stroma is increased in amount. 
Acute nephritis is often superposed. 

Methods 

Dogs in the anemia colony are kept under uniform conditions. They are born 
and raised in the animal house, protected against distemper and other infections, 
yet many of them develop a true nephritis. The routine relating to these dogs 
has been described in detail (3). Although not given in the condensed tables 
(except Table 3) the dog is bled each week to maintain a constant anemia level or 
stimulus for hemoglobin production. Complete red counts, red cell hematocrit, 
hemoglobin determination, and blood volume measurements are done each week. 
The urine is examined for casts, albumin, and red cells at intervals depending upon 
the clinical condition. Non-protein nitrogen of the blood and renal function tests 
are done and recorded in the clinical histories of each dog. All dogs tisted in these 
experiments died with high non-protein nitrogen figures and the general picture of 
uremia. 

The liver extract with and without iron has been described elsewhere (4). It 
is potent in anemia due to blood loss as indicated in Table 7 and elsewhere. It 
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does not contain the principle potent in pernicious anemia. The pernicious 
anemia extract (343) contains only 10 per cent of the potent factor active in anemia 
due to blood loss. 

EXPERIM'ENTAL OBSERVATIONS 

If the information about the progress of the nephritis is meagre 
the reader should r emember  t ha t  the p r imary  object ive of our studies 

is the physiology of hemoglobin product ion and this repor t  is a by-  

product .  Wi th  a considerable anemia  colony to be followed the 

T A B L E  1 

Hemoglobin Production Uninfluenced by Nephrosis, Glomerulonephritis, 
and Uremia 

Dog 24-26. 

Year ] I - ~ "  [ Iron ] iron I 

Net hemoglobin produced due to diet factors-- gin. per 2 ~oks. 

1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 

Pig liver Pig kidney Iron 40 Liver ex- Liver ex- t ract  -- t rac t  -[- Apricots 
mg. iron iron 

55, 39 
*75 

46, 73 

80 70 
49 

55 
42 

42 
41 

31 

51 
5O 

t61 

44 

Albumin Blood 
in urine N.P.N. 

rag. per ce~ 

+ 

+ 

-I- 57 
-t- 244 

277 

* Chicken liver (equivalent to pig liver). 
t Death 1½ weeks after completion of this experiment. 

amount of work which can be done by the staff is finite and must be 
carefully allocated. The fact remains that all these dogs included 
in this report developed spontaneous nephritis and died as a result 
of the nephritis without conspicuous and uniform depression of 
hemoglobin production. 

Clinical Experimental History and Autopsy.--Table 1. Dog 24-26. Adult 
male bull mongrel, weight 10 kilos. Born 1923, 10 years old at death. Unevent- 
ful anemia history 1925-26. 
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Apr., 1926. First urine analysis: Albumin, granular casts, few red cells. 
Other than occasional poor food consumption, no clinical symptoms. Weight 
10.5 kilos. Feb., 1928. Extreme dental caries and pyorrhea. Treated with 
improvement. Weight 10.3 kilos. Sept., 1929. Teeth again caused trouble. 
Several removed. Uneventful anemia history. Weight 10.0 kilos. July 5, 1930. 
Following blood removal several convulsions, salt intravenously. Recovery. 
Sept., 1930. Urinary findings: Albumin, casts, and few red cells. Weight i0.1 
kilos. Oct., 1930. Pyorrhea as before. Marked salivation. Gradual improve- 
ment on meat diet. Nov., 1930. Left food for several days. Dec., 1930. Urine 
findings unchanged. Several teeth removed. Feb., 1931. Gradual loss of 
weight, stabilized at 9 to 10 kilos. (Weight from beginning uniform 10 to 11 
kilos.) Apr., 1932. Left considerable food. Weight 10.0 kilos. 

May 4, 193Z. Non-protein nitrogen 57 rag. per cent. Urea clearance 20 per 
cent normal. 

May, 1933. Urine findings unchanged. Weight 9.2 kilos. History unevent- 
ful to July, 1933. 

July 8, 1933.--Liver feeding experiment not completed. Food consumption 
80 to 36 per cent. July 11. Sick, salivated, left all food. Weight 9.1 kilos. 
Sugar intravenously. Non-protein nitrogen 244 rag. per cent. July 12. No 
improvement. Non-protein nitrogen 277 nag. per cent. 

July 12, 1933. Killed with ether. Autopsy done at once. Heart is enlarged. 
There are no acute vegetations but the mitral valve shows a little scarring and 
old healed endocarditis. Lungs and other viscera normal. Kidneys are small. 
Surface is scarred and pale. Cortex on section shows scars and obliterated stria- 
tion. Histological sections show arteriosclerosis and nephrosis but much acute 
and chronic nephritis in addition. Many glomeruli show adhesions to the cap- 
sules and others are normal. Scars are numerous and contain nests of mono- 
nuclears. Casts are not numerous but many tubules show an acute exudate of 
polymorphonuclears. Many small cysts are present. 

Table  1 (dog 24-26) shows a continuous his tory of this anemic dog 
lasting 8 years. Albumin was first noted  in the urine in 1926. The  
dog had dental  caries and severe pyor rhea  necessitating removal  of 
several teeth,  1926-32. I t  was suspected tha t  the mou th  infection 

might  be responsible for some of the low values for hemoglobin 

product ion (pig liver). In  1932 the renal function (urea clearance) 

was about  one-fifth normal and the non-protein nitrogen of the blood 
remained elevated. There  was rapid progress of the nephritis toward 

uremia in 1933 with very  high figures for non-protein nitrogen of blood 

(244 to 277 rag. per cent).  

This  dog with a severe progressive nephritis in 1933 was able to 
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produce a low ye t  normal amount  of new hemoglobin on various 

s tandard  diets. 

Clinical Experimental History and Aulopsy.--Tables 2 and 3. Dog 26-164. 
Adult male coach bull mongrel, weight 12.2 kilos. Born 1925, 12 years old at 
death. Anemia history 1930-37. Uneventful to Feb., 1934. Routine anemia 
experiments. 

Sept., 1930. Urine: Normal findings. Occasional period of poor food con- 
sumption. Weight 12.5 kilos. 1933. Potato diet for 2 months reduced plasma 
protein to low normal of 5.4 per cent. 

TABLE 2 

Hemoglobin Production Depressed at Times with GlomeruIonephritis and Uremia 
Dog 26-164. 

Year 

Net hemoglobin produced due to diet factors--gin, per ~ wits. 

1930 
1931 

1932 
1933 
1934 
1935 

1936 
1937 

Pig liver Pig kidney Iron 40 Iron 400 Liver ex- Liver ex- 
mE. rag. tract -- iron tract -~ iron 

82 

92 s9 57 
43 
48 

17 
"15 

35 

54 

49 

8, 39 

50 9 0 
38, 68 

79 0 
68 

59, 69 

44 

Albumin 
in urine 

0 

+ +  
+ +  

Blood 
N.P.N. 

rag. per cenl 

33 
170 
63 
71 

230 

* Death 5 weeks after completion of this experiment. 

Feb., 1934. First evidence of nephritis. Urine showed considerable albumin, 
granular casts, red cells. SimiLar findings June and September. Other than 
occasional poor food consumption dog showed no clinical symptoms. Weight 
12.3 kilos. Mar. 1, 1934. Non-protein nitrogen 33 rag. per cent. Mar. 20, 1935. 
Following ferrous sulfate experiment (Fe 400, Table 3) during 5th and 6th weeks 
"bread after period," dog left 65 to 75 per cent food. Weight 12.8 kilos. Glu- 
cose 3 doses daily, 3 days. Mar. 20. Non-protein nitrogen 99 rag. per cent. 
Mar. 21. Non-protein nitrogen 170 nag. per cent. PLasma proteins 6.8 per cent. 
Mar. 22. Non-protein nitrogen 63 nag. per cent. Food consumption 75 per 
cent. Glucose intravenously 2 doses daily. Mar. ?,4. Non-protein nitrogen 
70 nag. per cent. Mar. 23-27. Sugar intravenously 2 doses daily. Food con- 
sumption averaged 80 per cent. Mar. 29. Non-protein nitrogen 53 nag. per cent. 
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Sugar intravenously 1 dose, 6 days. Apr. 4. Non-protein nitrogen 47 mg. per 
cent, food consumption 100 per cent. Apr. 11. Non-protein nitrogen 50 mg. 
per cent. 

May 2. Non-protein nitrogen 28 mg. per cent. Urine showed few casts only, 
occasional red cell. Uneventful history to Oct., 1935. Food consumption 90 to 
100 per cent (urine protein excretion 1 gin. 24 hrs.). Weight 13.0 kilos. Slight 
vomiting occasionally. Drinks much water. Leaves food at times. Nov., 
1935, to Jan. 29, 1936. Soy bean meal partially replaces bread, consumption 90 
to 100 per cent. Jan. 22, 1936. Urine: Albumin, no casts, occasional red cell. 
Weight 12.8 kilos. Mar., 1936. Soy bean diet: Soy bean mush 500 gm., salmon 
bread 100 gin. daily. May, 1936. Urine findings as before. Anemia history 
uneventful to July. Weight 10.4 kilos. July 27. Left food 2 days. July 31. 
Non-protein nitrogen 71 mg. per cent. Dog quiet but does not act sick. Sept. 
22. Plasma proteins 6.3 per cent. Jan. 5, 1937. Plasma proteins 6.4 per cent. 
Jan. 6. 24 hour urine protein excretion 0.1 gm. 

Jan. 13. Urine: Albumin trace, no casts, occasional red cell. Weight 10.6 
kilos. Again excessive water drinking. No particular clinical symptoms to Feb. 
8. Food consumption 100 per cent. Jan. 27. Salmon bread basal diet. Feb. 8. 
Left all food. Seems sick. Temperature 37.0 °, leucocytes 22,800. Weight 
9.9 kilos. Non-protein nitrogen 230 rag. per cent. Sugar intravenously 3 doses. 

Feb. 9, 1937. Found dead in morning, body cold. Autopsy done at once. 
Heart shows hypertrophy of left ventricle and acute mural vegetations in left 
auricle above the mitral valve (cultures of hemolytic Staphylococcus aureus). 
Lungs show some bronchopneumonia and edema. Kidneys show a scarred sur- 
face, narrow and scarred cortex on section, scattered ecchymoses in parenchyma. 
Histological sections show an advanced acute and chronic glomerulonephritis. 
Stroma is much increased and contains great numbers of mononuclears in clusters. 
Some tubules contain polymorphonuclears and many casts are seen. 

Table  2 (dog 26-164) shows 7 years  of continuous history of this 
anemic dog. Nephri t is  was not  recognized until  1934. During 
March,  1935, the dog was close to uremia (see Table  3) b u t  made a 
good recovery, l ived to 1937 and died in uremia. During 1935-37 we 
note a few periods in which the hemoglobin product ion on s tandard  
diets (pig kidney and iron) was definitely below normal bu t  this was 
not  a constant  finding. The  blood non-protein nitrogen was above 
normal on many  occasions during a 2-year period 1935-37, Table  2. 
There  was terminal endocarditis and bronchopneumonia.  

Table  3 (dog 26-164, see history above) shows a period of 15 weeks 
in which the dog came close to uremia bu t  made a good recovery. 
Table  3 gives the usual experimental  da t a  (except red ceU count  and 
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hematocrit) which show that the anemic dog produced a net amount 
of hemoglobin (79 gm.) due to iron feeding which is normal just 
before the uremic period and a low normal hemoglobin (69 gm.) out- 
put due to liver extract plus iron just after the uremic period while 

TABLE 3 

Hemoglobin Production--Dog Close to Uremia with Recovery 
Dog 26-164. March, 1935 (see Table 2 and History). 

Diet periods I wk. each 

Food, gin. p~' day 

Fe 400 nag., bread 350, salmon 100, Klim 20 
Fe 400 nag., bread 350, salmon 100, Kllm 20 

Bread 350, salmon 100, Kllm 20 
Bread 350, salmon 100, Klim 20 
BrMd350, sahnon 100, Klim 20 
Bread 350, salmon 100, Kllm 20 
Bread 325, salmon 100, Klim 20 

4 

~ r  
~ J  

O0 
O0 

O0 
91 
85 
91 
75 

~g. 

2.c 
2A 

.2.~ 
3.] 
. 3 . ]  

1 3 . ]  

.2A 

per gin. 
C¢. Cent, 

40.~ 
34., 

734 
756 

768 
779 
8OO 

8O3 
810 

60 
59 

47 
45 
45 
45 
41 

rag. per 
I coat 

20.6 
1.2 

12.8t 
11.3 
1.2 

Severe Nephritis (Uremia) and Recovery. N.P.N. 99--170--63 mg. per cent 
Mar. 20-24 

Bread 300, salmon 200, Kllm 20 79 1.1l 70 

Liver ex t rac t+Fe  300mg.* 
Liver ex t rac t+Fe  300mg.* 

Bread 250, salmon 150, Klim 20 
Bread 250, salmon 150, Klim 20 
Bread 275, salmon 150, Kllm 20 
Bread 275, salmon 150, Klim 20 
Bread 250, salmon 150, Klim 20 

90 

I00 

100 
100 
100 
86 
91 

13.41 

12.9] 
12.9] 

13.2l 
13.21 
13.21 
13.3] 
12.9] 

785 42 

770 68 
707 57 

741 55 
788 50 
800 47 
803 46 
767 4O 

12.7] 53 
20.3 47 

24.3 50 
20.4 - -  

1 . 3 1  - -  

1 0 . 7 1  28 
1 , 1 1  - -  

* Bread 200, salmon 150, Klim 20 daily. 

the blood non-protein nitrogen was subsiding to normal. I t  is not 
safe to claim that the hemoglobin producing mechanism in this dog 
was disturbed by the presence of a severe nephritis. 

Clinical Experimental History and Autopsy.--Table 4. Dog 27-238. Adult 
female coach bull mongrel, weight 13.8 kilos. Born 1928, 9 years old at death. 
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Continuous anemia history Nov., 1928, to Aug., 1937. Raised on bread and milk 
diet from weaning to adult age; dog never received any animal viscera or meat 
during entire life. 

Sept., 1930. Urine: Albumin trace, no casts, 2 to 5 red cells per field, following 
iron (Fe) intravenous experiment. No abnormal clinical symptoms. Weight 
15.4 kilos. 

Uneventful anemia history to Sept., 1931, dog begins to leave food at  times. 
Weight 16.0 kilos. July 14 to Aug. 14, 1933. Plasma protein 5.6 to 6.5 per cent. 
Weight 16.2 kilos. Oct. 21, 1933. Urine: Albumin trace, no casts, few red ceils. 
Sept. 22, 1934. Urine: Albumin + ,  no casts, no red cells. Weight 16.2 kilos. 

TABLE 4 

Hemoglobin Production Shows Terminal Depression with Glomerulonephritis 
and Uremia 

Dog 27-238. 

Iron 21 rag. Iron 40 mg. Iron 400 mg. Apricots 
Year 

Net hemoglobin produced due to diet factors--gin, per 2 •ks. 

1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 

40 

29 
47, 42 

60 
49 

53 
44, 63 

59 
*7 

79 

65 

65, 66 

33 

Albumin in urine Blood N.P.N. 

rag. per cent 

+ 

+ 
+ 

+ +  
+ +  200 

* Death 4 weeks after completion of this experiment. 

Sept., 1935. Weight 16.6 kilos. 
Uneventful anemia history to May 6, 1936. 
May 6,1936. Urine: Albumin + + ,  no casts, 3 to 5 red cells per field. Weight 

16.0 kilos. Food consumption good to Aug. 16, 1937. Aug. 16, 1937. Leaves 
food 2 days. Slight vomiting. Weight 13.3 kilos. Aug. 19. Dog seems sick. 
Sugar intravenously 2 doses. Blood transfusion. Non-protein nitrogen 200 mg. 
per cent. 

Aug. 20, 1937. Found dead in morning, body cold. Autopsy done at  once. 
Heart  shows hypertrophy but  no endoearditis. Lungs show interstitial pneu- 
monia and edema. Kidneys are small, surface granular. Cortex is narrow and 
shows loss of striation on section. Other organs not related. Histological sec- 
tions show the usual type of glomerulonephritis with adhesions between glomerular 
tuft and capsule. The stroma is greatly increased and contains nests of mono- 
nuclears. Tubules contain many casts. 
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Table 4 (dog 27-238) shows more than  8 years of continuous anemia 
with periodic tests of hemoglobin production which remains close 
to normal up to the last test  completed 4 weeks before death. Renal  
injury was noted in 1930 but  there was no obvious increase in the 
nephritis until  1936. One negative test  with apricots we cannot  
explain. The other apricot test  was slightly subnormal in 1933. 
The series of tests with iron (40 mg. per day) is very complete and 
satisfactory. The hemoglobin production with this s tandard iron 
intake varies from 42 to 63 gm. which is within normal limits. The 
hemoglobin production with the same dose of iron just  4 weeks before 
death shows a definite drop to 7 gm. indicating some impairment  of 

TABLE 5 

Hemoglobin Production Shows No Depression within 3 Weeks of Death 
Glomerulonephritis and Uremia 

Dog 24-49. 

Year 

1925 
1926 
1927 
1928 

Chicken Chicken Pig kidney Beef [ Apricots 
liver gizzard muscle I 

Net  hemoglobin produced due to diet factors--gin, p ~  g ~oks. 

83 90 

55 
25 

52 

*48 

Albumin in 
urine 

+ +  
+ +  

Blood N.P.N 

rag. per cent 

35 
52 
86 

170 

* Death 3 weeks after completion of apricot experiment. 

hemoglobin production in the last stages of this fatal  nephritis. There 
was a terminal  pneumonia.  

Clinical Experimental History and Autopsy.--Table 5. Dog 24-49. Adult 
female bull terrier, weight 13.0 kilos. Born 1923, 5 years old at death. Con- 
tinuous experimental anemia Oct. 31, 1924, to May 15, 1928. 1924 weight 13.0 
kilos. 1925 weight 15.0 kilos. 1926 weight 16.5 kilos. Uneventful anemia 
history to Feb. 15, 1927. 

Feb. 15, 1927. Two convulsions. Otherwise acts like normal dog. Food 
consumption 100 per cent, bread diet. Weight 15.8 kilos. Feb. 18. Vomited 
food. Temperature 102 ° . Feb. 21. Urine: Albumin, hyaline cast, few red cells. 
Feb. 23. Urine, 24 hours: Albumin 4.5 gin. per liter (Esbach), numerous granular 
casts, 10 to 25 red cells per field. Feb. 24. Blood non-protein nitrogen 35 nag. 
per cent. 
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Apr. 1. Ear infection, leucocytes 20,000. Food consumption 100 per cent. 
Weight 16.1 kilos. Urine: Albumin 4.5 gin. per liter (Esbach), numerous granular 
casts, moderate number red cells. Apr. 15. Leucocytes 17,000 per c.mm. blood. 
Apr. 17. Leaves food intermittently, average consumption for week 75 per cent. 

Apr. 26. Urine, 48 hours: Albumin 2.5 gin. per liter (Esbach), granular casts, 
red cells. Blood non-protein nitrogen 34 rag. per cent. Food consumption for 
week average 72 per cent. Uneventful history to Sept. 2. Sept. 2. Ear dis- 
charging again. Leucocytes 19,000 per c.mm. Weight 15.7 kilos. 

Dec. 24. Manganese feeding experiment 115 rag. daily. Convulsions after 
10 doses. Discontinued. Jan. 5, 1928. No dinical improvement. Urine 
findings same, leucocytes 23,400 per c.mm. Several convulsions. Vomiting. 
Forced raw liver feeding. Jan. 14. Gradualimprovement and recovery. Weight 
12.2 kilos. Mar. 15. Convulsions. Blood non-protein nitrogen 52 mg. per cent. 
Dog sick, left 50 per cent of food. Albumin 5 gin. per liter (Esbach). Mar. 19. 
Phenolsulfonephthalein test, 2 hours output, 47 per cent. Mar. 22. Blood non- 
protein nitrogen 60 nag. per cent. Food consumption 100 per cent. Weight 
15.2 kilos. Apr. 23-25. Vomits, leaves food. Blood non-protein nitrogen 86 
mg. per cent. Gradual improvement, milk and syrup feeding by stomach tube. 
May 25. Blood non-protein nitrogen 66 rag. per cent, leucocytes 12,400 per c.mm. 
Food consumption i00 per cent. Weight 14.5 kilos. 

June 4-14. Leaves considerable food. Leucocytes 12,600 per c.mm. Infec- 
tion in ear flares up. June 15. Considerable vomiting. Blood non-protein 
nitrogen 170 mg. per cent. Weight 12.0 kilos. 

June 17, 1928. Dog found dead, body warm. Autopsy done at once. Heart 
shows great hypertrophy especially of left ventricle. Both auricles above valves 
show granules of old and recent vegetations (not unlike viridans type). No 
ulcers in endocardium. Kidneys large and show a granular surface. Architecture 
of cortex on section is not regular. No hemorrhages. Other organs not related 
or n~rmal. Histological sections show advanced glomerulonephritis. Almost 
every glomerulus is enlarged and shows adhesions to the capsule. Tubules show 
epithelial degeneration and many casts. Stroma shows scars and nests of mono- 
nuclears. 

Table  5 (dog 24-49) shows an anemia  his tory which runs th rough  

4 years.  The  de terminat ions  of the levels of hemoglobin product ion  
are not  f requent  bu t  have  a grea t  interest  dur ing the  las t  mon ths  of 
life. Nephr i t i s  was observed early in 1927 and was of a ra ther  
ma l ignan t  type  p robab ly  even a t  t ha t  t ime associated with  a low 
grade endocarditis.  Hemoglobin  product ion  was within normal  
l imits whenever  tes ted even late  in 1928. The  apr icot  exper iments  
are of par t icular  interest ;  the  first one in 1925 is normal  (52 gm. hemo-  
globin) and the  second one late  in 1928 completed only 3 weeks before 
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d e a t h  is likewise n o r m a l  (48 gm. hemoglobin)  in spite of i m p e n d i n g  
uremia .  

Clinical Experimental History and Autopsy.--Table 6. Dog 27-233. Adult 
male coach terrier mongrel, weight 12.0 kilos. Born 1928, 5 years old at death. 
Liver and bread diet from weaning to maturity. Continuous anemia Dec., 1928, 
to Dec., 1932. 

Uneventful anemia history to Aug. 5, 1930. Vomiting. Weight 15.6 kilos. 
Aug. 16, 1930. Urine: Albumin -t-+, granular casts, occasional red cell. 

Intermittent periods of poor food consumption to Mar., 1931, otherwise history 
uneventful. 

TABLE 6 

Hemoglobin Production Shows Terminal Depression with Glomerulonephritis 
and Uremia 

Dog 27-233. 

Y e a r  i 

Net hemoglobin produced due to diet factors--gin, per g wks. 

1929 
1930 
1931 
1932 

Pig liver Beef Iron 21 Liver ex- ] Liver ex- muscle rag. tract -- iron tract + iron 

*68 
103 

77, 96 
33 

36 
31 46 

t75 

Albumin i Blood 
urine N.PaN. 

rag. per ~ 

+ +  

+ + +  32 
20O 

Incomplete kidney feeding experiment 2 weeks before death shows zero hemo- 
globin production. 

* Reindeer liver contains 90 per cent as much potent material as pig liver (1). 
t Death 3 months after completion of this experiment. 

Mar. I6, 1931. Marked reaction to horse globin injection (2 gin.), severe 
intoxication, recovery. Weight 15.3 kilos. Mar. 24-26. Occasional vomiting 
unrelated to diet. May-Dec. Intermittent periods of decreased food consump- 
tion. 

Dec. 5. Marked diarrhea. Weight 14.8 kilos. Dec. 5-11. Left all food. 
Sugar intravenously several doses daily. Dec. 11. Fibrin 620 nag. per cent. 
Dec. 11-18. Several transfusions. Milk feeding by stomach tube. Dec. 12. 
Gradually improving. Sugar intravenously, 2 to 3 doses daily, 12 days. Diar- 
rheal stools contain blood clots. Vomiting. Transfusion. Weight loss 1.8 
kilos 1 week. Temperature 38.3 °. Dec. 14. Fibrin 475 mg. per cent. Dec. 25. 
Recovery. Weight 11.8 kilos. Uneventful history to Mar. 14, 1932. Mar.- 
Aug., 1932. Intermittent poor food consumption. Weight 15.5 kilos. 
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Aug. 22. Blood in feces. No diarrhea. Slight vomiting. Aug. 23. Urine: 
Albumin + + + ,  no casts, no red cells. Aug. 24. Leucocytes 17,600. Stomach 
tube feeding. Sugar intravenously. Aug. 31. Leucocytes 11~600. Improving. 
Weight 141 kilos. Sept. 24. Diarrhea, blood in feces. Sept. 30. Hemoglobin 
value slight drop, 39 to 47 per cent. No blood removal for 6 weeks preceding. 
Weight 13.1 kilos. Oct. 18. Blood in feces. No parasitic ova. Left 90 per 
cent food. Urine: Albumin + + ,  granular casts, 10 to 20 red cells per field. 
Non-protein nitrogen 32 rag, per cent. Oct. 18-Dec. 6. History uneventful. 
Weight 12.5 kilos. 

TABLE 7 - - S u m m a r y  

Net Hemoglobin Production as Influenced by Nephritis 

Test factor daily for 2 wks. Control Early nephritis Late nephritis 

Liver, 300 gin. 
Hemoglobin production, gm . . . . . . . . . . . . . .  
Per cent of normal . . . . . . . . . . . . . . . . . . . . . .  

Livar extract without iron 
Hemoglobin production, gm . . . . . . . . . . . . . .  
Per cent of normal . . . . . . . . . . . . . . . . . . . . . .  

Liver extract wltlt iron 
Hemoglobin production, gm . . . . . . . . . . . . . .  
Per cent of normal . . . . . . . . . . . . . . . . . . . . . .  

Kidney, 300 gin. 
Hemoglobin production, gm . . . . . . . . . . . . . .  
Per cent of normal . . . . . . . . . . . . . . . . . . . . . .  

Iron, 40 mg. 
Hemoglobin production, gm . . . . . . . . . . . . . .  
Per cent of normal . . . . . . . . . . . . . . . . . . . . . .  

95 
100 

50 
100 

79 
100 

85 
100 

55 
100 

80 
184 (14) 

47 
94 (4) 

58 
74 (4) 

46 
54 (2) 

53 
96 (10) 

71 
75 (9) 

36 
72 (5) 

59 
75 (7) 

42 
49(8) 

41 
75 (12) 

Figures in parentheses indicate number of complete experiments. 

Dee. 6. Kidney feeding experiment. Dec. 15. Dog sick. Food consump- 
tion 12 per cent. Vomiting. Non-protein nitrogen 200 rag. per cent. Dec. 16. 

Urine: Albumin + + ,  granular casts, numerous red cells. Weight 11.1 kilos. 
Dec. 16, 1932. Killed with ether. Autopsy done at  once. Heart  shows old 

endocardial scars in auricles and ventricles, the residue of vegetations. The 
mitral valve shows old healed vegetations--no recent vegetations anywhere. 
Lungs show patches of bronchopneumonia and edema in lower lobes. Kidneys 
show a few cortical scars. Other organs not related. Histological sections show 
subacute glomerulonephritis. The glomeruli show many adhesions to capsules. 
Mononuclears are numerous in stroma. Tubules are dilated and contain numer- 
ous casts. 



G. H. WHIPPLE AND ]~. S. ROBSCHEIT-ROBBINS 497 

Table 6 (dog 27-233) shows a continuous anemia history of 4 years. 
During this time the hemoglobin production on standard diets is 
within low normal limits. Renal injury was first noted in 1930. 
An intestinal infection was contracted in December, 1931, and caused 
severe clinical intoxication with bloody diarrhea. A second episode 
of diarrhea and intoxication was noted in August, 1932. The etiology 
of these infections was not determined but it was probably due to 
one of the dysentery group of bacteria. No determinations of hemo- 
globin production were made during these periods of dysentery and 
convalescence. 10 days before death a kidney feeding experiment 
was begun. For a week the food consumption was satisfactory and 
the hemoglobin production zero but it is not safe to say that the 
nephritis alone was responsible for this as autopsy showed a terminal 
bronchopneumonia which may well have been a factor. 

Summary Table 7 needs little comment. 
In addition to the five dogs tabulated above, determinations from 

five other dogs with fatal nephritis are included. These ten dogs with 
glomerulonephritis were observed in a group of 92 standard anemic 
dogs coming to autopsy in the last 10 years. The division into early 
and late nephritis was arbitrary and usually each period represented 
one-half of the life story after renal injury was established. In 
the early nephritis group we see that the averages of hemoglobin 
production run close to the control hemoglobin output for normal 
dogs--about 85 per cent of normal if we exclude the figures on kidney 
feeding because of too few experiments. The late nephritis averages 
are a little lower (70 per cent of normal) but this drop is not con- 
spicuous nor uniform. 

SUMMARY 

Spontaneous glomerulonephritis develops not infrequently (11 
per cent incidence) in the anemia colony. The course of the nephritis 
is insidious and usually extends over several years but ends in uremia, 
often with terminal bronchopneumonia. 

Hemoglobin production in these standard anemic dogs is well 
established as related to various standard food factors. These tests 
are summarized in the tables above to show the changes that appear 
year by year in the life of each dog. 
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Nephritis causes little or no change in hemoglobin production in 
anemic dogs in the early stages of the disease. In the late stages of 
nephritis there may be no change or moderate changes in hemoglobin 
production in these anemic dogs. The average is 70 per cent of 
normal hemoglobin production in advanced nephritis. 

I t  seems unlikely that  this degree of impairment of hemoglobin 
production in nephritis would result in spontaneous anemia in the dog. 
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