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BLOOD PICTURE IN GUINEA PIGS 
DEFICIENT IN TH ANTI-STIFFNESS FACTOR 

Introduction 

A deficiency disease of gu.nea pige characterized by 

niuecular stiffness was described by Wulzen and Bahre In 

1936 (40). The anIma1s were ral$ed on grain diets lacking 

in green feeds but adequate In minerals and necessary vita- 

mine. This deficiency was also found by them to occur 

when guinea pigs were fed on pasteurized milk, supplemented 

by skim milk powder, copper and iron, carotene and orange 

juice (41). 

The first overt sign of the deficiency was a muscular 

stiffness in the wrist region which frequently progressed 

until the wrist could no longer be bent 4l, 38). The 

disease incressed in severity until the animals with rare 

exceptions died In periods of from ono month to a year or 

two, Autopsies showed the muscles to be extremely atro- 

phied and in most cases finely streaked with calcium 

deposits running parallel to the muscle fibers. Large 

deposits of tricalcium phosphate were often found in and 

under the skin, In the joint regions, between the ribs and 

in many body organs including the heart and aorta (41). 

Raw cream fed by mouth was capable of curing the original 

wrist stiffness. Also molasses (37) and many green 
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vegetables1 were good sources of the *enti_atiffnesst fac- 

tor. 

Ietabo1ic studies of the effect on gul.n* pigs of lack 

of this dietary factor bave been cari'ied on by van Wagten- 

donk et al (30, 31, 32, 33, 34, 35, 36, 39). 

Differential counts and leucocyte enumerations on the 

blood of supposedly normal guinea pigs have shown wide 

variations both from investigator to investigator and from 

aniral to animai (12, 13, 16, pp.590-591; 26). Lucia and 

Lucia (15) summari*ed the findings of eight investigators 

and reported their own findings on 303 differential counts 

made over a period of one year on carefully selected ani- 

mais. Their findings were as uniform as those found on 

human blood. 

Joyner (12), in 338 counts, encountered so much vari- 

ation that he summarized: 

tiThe variations in the counts demonstrate 
that a fairly large range must be considered for 
practically all types of cells. xtreme vari- 
ations suggest that the guinea pig is frequently 
subject to disturbances of its differential blood 
picture without alteration of its external appear- 
ance of health." 

Scarborough (26) attempted to rind correct values by 

averaging the differential counts of thirty-four investi- 

gators. Leucocyte values reported by many of the same 

investigators also show wide variations (12, 13). 

Unpub1ished material. 
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'Norma1 figures for differential counts, red and 

white cell ernimerations, platelets, hemoglobin estimation, 

and erythrocyte diameters for guinea pigs are also to be 

found in homatological texts snd handbooks (6, pp.810-il; 

16, pp.590-91). 

The Kurloff inclusion has been observed in guinea pig 

blood cells of the lymphocyte or monocyte series (6, pp.810- 

811). According to Lucia and Lucia (15) it usually occurs 

as a homogeneous azurophilic mass varyinp in size from that 

of lymphocyte granules to twice the diameter of a red coil. 

They have also observed it as a spireme-like thread con- 

tamed in a vacuole. 3omenskaa (6, pp.810-Il) found that 

Kurloff inclusions are not present in new-born guinea pigs 

but appear at the end of the second week after birth and 

slightly earlier in females than in males. He observed 

them to be slightly more numerous in pregrnnt than in non- 

pregnant females. 

After the castration of male and female guinea pigs, 

Kurloff inclusion cells diw . ilnisbed but did not disappear; 

even after seven weeks Severi (27) found them in the blood 

stream, spleen, and bone marrow. 

Loewenthal (14) regards the Runoff masses not as 

inclusions but as "probably an intracellular reaction 

produced by a parasite." Lucia ard Lucia (15) found the 

inclusion to stain supravit ally as a homogeneous mass and 
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considered it to be dead phagocytosed material. Jarcayk 

(6, pp.810-li) concludes that Kurloff bodies "consist of 

an albuminoid substance elaborated in situ in the proto- 

plasm of' lymphocytes." Ferrata thought the Kurioff body 

to be giant azurophilic granules (6, pp.810-Il). 

Hintererreger (6, pp.810-li) reports that Kurloff cell 

inclusions stain reddish-violet with Giemsa and VrigÌit. 

rphoy are negative to the Prussian blue test for iron; they 

are insoluble in alcohol. They are negative to osmic acid 

tests for fat and to tests for glycogen and phosphorus. He 

also found that administration of adrenalin and pilocarpin 

stimulated a sharp increase of Kurloff cells. He observed 

that azure granules of lymphocytes responded by numerical 

increRse to the seme stimuli as produced an Increase in 

the number of Kurloff bodies and he regarded them as 

genetically and functionally similar though not related. 

He believed that Kurloff body cells were probably related 

to metabolism and that their number sinified increased 

metabolic rate. 
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Experimental 

Guinea pigs used to establish the normal blood picture 

were segregated as to sex and raised on a diet of rolled 

barley, liberal amounts of kale or grass, iodized salt, and 

straw ad libitwi. Nono showed wrist stiffness, crsvid 

animals were not tested. 

Experimental animals were segregated as to sex and 

fed the following diet deficient in the antI-stiffness 

factor: 

a. ¡n. 

Skim milk pode 20.0 g. 

Water 80.0 g. 

Copper sulfate 0.078 mg. 

Ferne chloride 0.480 ing. 

Ascorbic acid 10.0 mg. 

Z.!.' 

Skim milk powder 20.0 g. 

ater 80.0 g. 

Fat- and water-soluble vitamins were added alternately 

to the evening diet to make the average daily consumption 

per animal for each vitamin as follows; 



Thiamin hydrochloride 0.20 mg. 

yridoxine hydrochloride 0.10 mg. 

Riboflavin 0.50 mg. 

Nicotinic acid 1.00 mg. 

Pantothentic acid 0.10 mg. 

Inositol 10.00 mg. 

F-aminobonzoic acid 2.00 mg. 

Choline 50.00 mg. 

Biotin (SMA cone. 3200) 0.01 mg. 

Beta carotene 150 1. U. 

Viosterol 40 I. U. 

Alpha-tocopherol 0.10 mg. 

2-methyl-i, 
4-naphthoquinone 0.10 m. 

All received straw arid iodized sait ad lib. 
For ali tests animals were chosen at ran1om from this 

laboratory's colonies of stock and deficient guinea pigs. 
All blood samples were taken from the ear which was ent1y 

stroked or warmed to cause an hyporemia (17, p.20). md- 
sions were made with itharp Bard-Parker U11 blades. Ant- 

mala were loosely wrapped in a dish towel, sampled, and 

returned to pens within approximately five to eight 

minutes. Frightoned or struggling animals wore returned 

to pens and tested after a lapse of several bours since 

physiological leucocytoals is known to result from exercise 
and fright (2, p.182; 3, p.123). An eight-key "Lab-Count 
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Denominatore was used for all cell counts. 

The 'Studont's' t-test (8, Table III) was used in 

testing the difference between the means of the stock ani- 

mais and the deficient anjrnsls) The formula ued for 

determining this is as follows: 

Let be the mean of the observations for stock 

animals. 

Let be the mean of the observations for deficient 

anials. 

t - : X-Y 
A1()1(Y)2(1+1\ Gj 

\ N] N22 1\1 2) 

I. The Erythrocyte 

A. Enumeration. 

B. Hemoglobin Content. 

C. Color Index. 

D. Diameter. 

E. Erytbropoietic Function. 

F. Sedimentation. 

A. Enumeration. Normal values were determined for 

forty stock aninals including both wales and females. 

Computations made under the supervision of Dr. J. C. R. Li, 

Department of ;athematica, Oregon State College. 



Twenty-six determinations were made on animais sub- 

jected to the defic5ent alet for periocis ranging from 

24 to 120 weeks, average 60 weeks. See Table I. 

Both normal and deticent estimations were made in 

June, July and August. Human erythrocyte values are said 

to be 500,000 higher in the winter (2, p.92; 20, p.184). 

Dilutions were made 1:100 with Toisson's solution. 

Five groups of sixteen squares each were counted with no 

variation of more than ten cells from group to group 

permitte& (2, p.90; 20, p.l73 and p.473). A home-made 

shaker which gave approximately a figure-eight rotation 

was used to minimize variations from sample to sample. 

Table I. Erythrocyte Lnuxneration. 
Guinea Pigs Deficient in the Anti-Stiffness Factor 

for Periods of 24 to 120 Weeks Conmared with Stock Animals. 

Numb er 
of Number Compared 

Diet Weeks of Mean with Stock 
on Animals Degrees 

Diet t of Freedom 
-.--- -------- ---- =----- -- -- --- -.-- ---- 

Stock -- 40 4,964,000 

Deficient 24-1c0 26 3,935,000 9.39 64 

These figures indicate a significant difference in 

numbers of erythrocytes. 

13. Hemoglobin Content. Normal values were deter- 

mined for sixteen stock animals. Elcthteen determinations 

1Usual Variation permitted is 20 cells from group to oup. 
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were made of animals on the deficient diet for intervals 

ranging from 26 to 110 weeks, avorape 5? weeks. See 

Table II. 

Eetimations were made with the Sahit-Haskins tech- 

nique (20, p.463) whIch usos a color standard unchanged 

over a period of sixteen years. The color standard, at 

20°C, hs the same color as blood containing 13.8 g. of 

hemoglobin por 100 cc. when it is diluted exactly to the 

100 mark in the Sáhil tube. Heating at 55-60°C for seven 

minutes complotes the reaction between the hydrochloric 

acid and hemoglobin, a change which requires 24 hours at 

room temperature. 

The hemoglobin coefficient1 for this laboratory was 

determined to be 15.7 g. for normal female guinea pigs. 

In general hemoglobin is lower for women in grams per 

100 cc. than in mOn but is approxinstely the same per 

5,000,000 red cells (2, p.110). 

1"Hemoglobin coefficient" is a term suggested by Osgood 
(20, p.179) whici replaces the expression, t'the number 
of graìva of hemoglobin per 100 cc. calculated to a count 
of 5,000,000 red cells" (2, p.110). 
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Table II. Hemoglobin Content. 
Guinea ?is Deficient in the Anti-Stiffness Factor 

for Periods of 26-110 Weeks Compared with Stock Guinea ?ig 

Number 
of Number Compared 

Diet Weeks of Mean With $tock 
Ofl Animals Degrees 
Diet t of Froedoni 

Stock -- 16 98.12% 

Deficient 26-110 1 75.80% 14.49 32 

These figures indicate a significant difference in 

per cent of hemoglobin. 

C. Color Index. The color index is the rct-io between 

the amount of 1emoglobin per unit number of red cells in 

the blood and the smount of hemoglobin per unit of cells in 

the blood of the aYsrage norìnal individual of the patient's 

sex and age group (2, p.111). Human normal values average 

1.0 (range 0.85 - 1.15). Results above 1.20 and below 0.80 

are considered to be definitely pathologica]. (, p.112). 

Values below normal are called hypochromìc, above - hyper- 

chromic, and normal - normochromic Iron anemias, for 

example, are typically hypoebromic (2, p.314; 16, p.212; 

20, p.203). 

Normal values were determined for sixteen stock ani- 

mala. ßlgìiteen determinations were made for animals on the 

deficient diet for periods ranging from 26 to flO weeks, 

average 5'7 weeks. See Table III. 
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rpabie III. Color Index. 
Guinea Figs Deficient in the Anti-Stiffness Factor 

for Periods of 26-110 Weeks Compared with Stock Guinea Pigs. 
Number 

of Number Compared 
Diet Weeks of Mean with Stock 

on Animals Degrees 

____ t of Freedom 

Stock -- 16 0.98 

DeficIent 26-110 18 0.94 1.41 33 

These figures indIcato a itatisticl1y insignificant 

difference in the color index. 

D. Red Celi Diameter. Red cell diameters were 

measured with the Haden-Hauser Erythrocytometer (9, 10) 

which utilizes the principle of light diffraction for the 

measurement of the average dianieters of large numbers of 

minute objects, a method originated by Thomas Young (42) 

and A. Pijper (24). A home-made diffrctometer which gave 

almost exactly the same results as the lladen-Uauser Instru- 

ment was also used. The Raden-H&user erythrocytoineter is 

reported to be the most accurato instrument of Its kind (9) 

and gives results which compare favorably with direct 

measurements by means of an eyepiece micrometer. It is 

probably even more accurate than the eyepiece micrometer 

since it measures thousands of cells at one time. Read- 

ings can be taken in one minute. 

Accuracy of the instrument ii said to be about one- 

half micron (9; ita, p.626) but is dependent upon the 
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quality of the slide being exsmined.. No variation of more 

than one-fifth micron from slide to slide for any one ani- 

mal was found In the fo11owin experiment. The elimina- 

tiOn of any slide not giving an absolutely bright clear 

halo is probably the reason for this lack of variation. 

Normal values were determined for thirty-nine stock 

animals. Forty-six determinations were made for animals 

on the deficient diet for periods ranging from 30 to 110 

weeks, average 51 weeks. See Table IV. 

Table IV. Red Cell Diameter. 
Guinea Pigs Deficient in the Anti-Stiffness Factor 

for Periods of 30-110 Veeks Compared with Stock Guinea Pigs. 

of Number 
Diet Weeks of 

on Animals 
Diet 

Compared 

Wean with Stock 

Degrees 
t of Freedom 

Stock -- 39 

Deficient 30-110 46 7.69,i -8.56 83 

- -r - - 

These figures indicate a significant difference in 

red cell diameter. 

L rthropoietic Function. This was determined by 

the measurement of basophilic agg rogations in erythrocytea. 

Peariman nd Limarzi (22) have found a close correla- 

tion between baaophillc aggregation and reticulocyte levels 

in several diseases. They found basophilic aggregations 

and reticulocytes to give the same response to liver 

therapy in pernicious anemia. WcCord, Holden and Johnston 
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(18), who studied over six thousand cases in the load- 

poisoning epidemic of 1934-35, found the test to be accu- 

rate and concluded as did Hawes (11) that no distinction 

should be made, as had been customary, between polychro- 

matophilia and stippling. 

The basophilic aggregation test was used in this 

study in preference to reticulocyte determination becRuse 

of its greater simplicity. 

Technique as carried out in this laboratory - 

modified from Kracke (16, p.612): 

Stain (Manson's methylene blue): 

B or ax i g. 

Methylene blue 2 g. 

Distilled water (boiling) 100 cc. 

Add tho borax to the boiling water. The stain is stable 

for two weeks and must be filtered before each using. 

ake smears as usual; stain not before one hour and not 

later than three hours after making smears. Before stain- 

in8 fix one half of smear (longitudinally) with a strip of 

filter paper carefully wetted with methyl alcohol. Allow 

to dry unti]. filter poper is loose. The other half is 

left unfixed so that laking may take place during staininr. 

Stain for ten minutes. ftinse carefully with distilled 

water. i:L 

Seek with low power or high dry power the point on 



the unfixed part of the slide where the maximum number of 

basophilic aggregations is to be found. This, for guinea 

pigs, was at the point near the ternilnation of the smear 

where the erythrocytes were still quite evenly distributed 

but were just beginning to be arranged in circles, 

Count with oil ixrtersion only. Many aggregations can- 

not be seen at all with high dry power. Count five or more 

sots of ten fields each from the center of the slide 

towards the edge In this region of maximum concentration. 

Select the four highest sets - e.g., typical figures aro 

2, 2, 
, ., 

2. Just opposite this area, on the fixed 

side, count several fields of red cells. Basophilic agro- 

gation is expressed as a percentage of the red blood cells. 

In this laboratory twenty fields of fixed cells were 

counted to determine the average number of erythrocytes. 

Counting of' erythrocytes and basophilic aggregations was 

facilitated through restricting the field that could be 

observed at one time by inserting in the eyepiece a card- 

board with a hole cut to limit the field to approxiniately 

sixty red cells at 1080 X. This wss further subdivided 

with hairs to four squares. 

The technique of counting the maximum number of baso- 

philic aggregtions mede this test accurate whereas count- 

ing in scattered areas gave wide variations from slide to 

slide or even on the same slide if recounted. Slides can 



15 

be counted in five to seven minutes. 

iear1man and Limarzi, in coaparing reticulocytes with 

basophilic aggregations, criticized the basophilic aggre- 

gate technique on the following pointa: 

Peariman and Limarzi (2g) 

1. The technique is poor 
because cells stained 12 
hours to 5 days after pr 
pared gave lower resulta 
than smears stained with- 
in 12 hours after prepa- 
ration. 

2. Stain precipitates; 
stain unreliable. 

This laboratory and others. 

î. Time limits for 
staining were specifi- 
cally stated to be 1 
to 3 hours after pre- 
paration of the slide 
(18: 16, p.672). The 
criticism on this 
point is weak since 
reticulocyte stains 
are "vita1' stains. 

2. Always filter stain 
before using. No Diff 
culty with unreliability 
ir stain Is made up 
fresh (in this lab. the 
stain is made up fresh 
eacti week). Inaccurate 
results are obtained if 
slides are stained in 
Coplin jars without f 
tering stain immediately 
prior to use; scum 
settles over the smear 
and prevents the prooer 
reaction between eryth- 
rocytes and stain, giv- 

ing areas on the slide 
where the reaction has 
occurred and others al- 
most totally negative. 



Peariman and Limarzi 

3. Diff iculty in micro- 
scopic identification of 
basophilic aggregations 
(experienced technician 
could not differentiate 
some small lymphocytes 
from basophiiic aggre- 
gations). 

4. Too much variability 
from slide to slide and 
oven on reexsminatlon of 
same slide by same tech- 
nielan. 
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Phis laboratory and others. 
3. k3aaophilic aggrega- 
tions must be examined 
under oil inunersion 
only. With oil innner- 
sion no difficulty was 
experienced in over 
300-400 slides in dis- 
tinguishing small lym- 
phocytes and basophilic 
aggregations. Inab1li 
to make such a distinc- 
tion la comparable to 
saying that nucleated 
red cells cannot be 
distinguished from 
small lymphocytes. 

4. Phe same difficulty 
was experienced in this 
laboratory. Discrep- 
ancles disappeared when 
maximum number of baso- 
philic aggregation 
cells were counted as 
described under tech- 
nique. 

The only sots of slides 
made on one animal in 
constant condition 
which showed any dis- 
crepancy are listed 
below: 

(1) 0.53% (2) l.33 
0.50% l.31» 

1.31% 

(3) 1.17% (4) 0.92v 
1.15% 0.94 

(5) 1.61% 
1.60% 
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Normal values for basophilic aggregations were doter- 

mined for twenty-five stock guinea pigs. Nineteen osti- 

matIons were made on guinea pigs fed the deficient diet 

3 to 10 weeks and fifty-one on guinea pigs fed the defic- 

ient diet 21 to 74 weeks, average 30 weeks. See Table V. 

Table V. I3asophilic Aggregations. 
Guinea Figs Deficient In the Anti-Stiffness Factor 

for periods of 3-10 Weeks and 
for kerlods of 21-74 oeks Crpared with Stock Cuinos FIFa. 

of Number Compared 
Diet Weeks of vean 1tb Stock 

on Animals Degrees 
Diet t of Freedom 

Stock -- 25 2 O 6Ç 

Deficient 3-10 19 0.98% 7.69 42 

Deficient 21-74 1 0.68% 1'7.23 '74 

These figures indicate a significant difference in 

per cent of basophille aggregations for both groups of 

deficient aniiais. 

t'. SedImntstion Rate. Sedimentation rates were 

determined with the Landau-Adams Microsedimentation appara- 

tus. The reliability of the apparatus was demonstrated by 

j. L. Rogatz, L". D., in a series of one hundred hospital 

cases chosen at random, with the proved Smith-Cutler method 

used as a control (25). 

Normal values were taken on twenty-one stock male and 

female guinea pigs. Experimental values were taken on 
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fifteen guinea pigs ranging from 2 to 6 weeks on the de- 

ficient diet and on thirty-seven males, chosen at random, 

fed the skim milk diet for 16 to 81 weeks, averafre 42 

weeks. See Table VI. 

Table VI. Sedimentation Rate. 
Guinea Pigs Deficient in the Anti-Stiffness Factor 

for Periods of 2-6 Weeks and 
for periods of 16-81 Weeks Compared with Stock Guinea gigs. 

Number 
of Number Compared 

Diet Weeks of Mean with Stock 

on Animals Degrees 
Diet t of Freedom 

Stock -- 2]. 2.24 mm. 

Deficient 2-6 15 3.87 mm. -4.05 37 

Deficient 16-81 37 5.12 mm. -4.31 59 

These figures indicate a sigulficant difference in 

sedimentation rete for both groups of deficient animals. 



Table VII. 
Summary of the Eifecta of Deficiency 

of the Anti-Stiffnes3 Factor on Erytbroçytes of Guinea Pigs. - - - 
No. Nò. Compared 
of of with Stock 

Degrees Test Diet Weeks Mean 
on Ani- t of 

Diet inals_ Freedom - 
Red Stock -- 40 4,64,OOO 
Cell 
Count Deficient 24-120 26 3,935,000 9.39 64 

Heino- Stock -- 16 98.12% 

globth Deficient 26.flO 18 75.8O 14.49 32 

Color Stock -- 16 0.98 

Index Deficient 26-110 18 0.94 1.41 

Red Stock -- 39 7.35,,« 
Cell 
D1an3. Deficient $0-110 46 7.6>i -8.56 83 

l3aso- Stock -- 25 2,O6 

philic Deficient 3-10 19 O.98 7.69 42 

Aggreg. Deficient 21-74 51 0.68% 17.23 74 

Sed. Stock -- 21 2.24mm. 

hate Deficient 2-6 15 3,87mw. -'.O5 37 

- - Deicj*nt -r-T 

16-81 37 5.12mm. -4.31 59 

These figuree indicate a significant difference for 

all te9ts except color Index. 



II. The Leucocyte 

A. Enumeration. 

13. Differential Count. 

C. Non-filamented Neutrophile. 

A. numeration. Blood was collected in a Thoma white 

cell pipette, diluted 1:10 with a solution of 0.5 cc. 

glacial acetic acid, 99.5 cc. of distilled water, and 

enough gentian violet to give a slight violet color. Tubes 

were shaken with the shaker described under "Erythrocyte 

Enumeration." Colis were counted in four areas one square 

millimeter each in size. No variation greater than five 

colis from square to square was permitted (2, p.68; 20, 

pp. 172-3). 

Normal values were determined for fifty-five stock 

male and female guinea pigs. Twenty-six determinations 

were made on guinea pigs ranging from lb to 98 weeks on 

the skim milk diet. See Table VIII. 
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Table VIII. Leucocyte Jnumeration. 
Guinea Pigs Deficient in the Anti-Stiffness Factor 

for Periods of 15-96 Weeks Compared with Stock Guinea Pigs. 

Number 
of 

Diet Weeks 
Number 

of ean 
Compared 
with Stock 

Degrees On Animals 
Diet t of Freedom 

Stock -- 55 7,459 

Deficient 15-98 26 17,668 -14.33 79 

These figures indicate a significant difference in 

numbers of white cells. 

B. Differential Count. Lucia arid Lucia (15), in a 

study of 303 normal guinea pig differential counts, found 

a considerable variation in the distribution of cells even 

in each smear. In t)is laboratory guinea pig blood smears 

made with the usual technique were found to give counts 

varying as much as twenty per cent in lymphocytes and 

neutrophils from slide to slide on slides made from con- 

secutive drops of blood. Many slides gave a majority 

count of lymphocytes or neutrophils depending ori the way 

the slide was counted. 

It was decided that the most representitive count of 

any section of a slide wa one which ran from edge to edge, 

the width being dependent upon the size of the microscopic 

field, Smears were made with heavy parchment paper 

roughly about 7 min. in width on standard microscope slides. 

This gave a narrow smear (about 1/4" in width). The 



22 

counting area wts 1mited to a space approxirnate1r 3/8" to 

3/4" 1on; near the teriinition of the rnear. However, 

ievera1 hundred ce11 can be counted in thi area. The 

greatest variation from 511d0 to 11de from consecutive 

draps ot' blood with this method was about two to three per 

c.ont;. Yhe cella appeared to be much better distributed 

than in the ordinary technique and cell breakage was de- 

creased. 

I!ethod of counting: Count across the slide l'ron edge 

to edge, each crossing limited to one microscopic field in 

width, until enough celle have been differentiated. Do not 

stop the count in the center of the slide. 

Differential counts were made for twenty-five normal 

male and female guinea pigs. Values obtained were very 

close to those of Lucia and Lucia (15) so no further nor- 

mal counts were made. The small difference is probably 

accounted for by the inclusion of percentages of disinte- 

grated cells by this laboratory. 

Differential counts were made on nineteen guinea pigs 

fed the milk diet 4 to B weeks, twelve guinea pigs fed the 

milk diet 10 to 14 weeks, and eighty-four guinea pige fed 

the milk diet 24 to 110 weeks. See Tablee IX and X. 

Guinea pigs fed the basal skim milk diet 24 to 110 

weeks were classified into four groups: (1) relatively 
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limber females, (2) stiff f enia1o, (3) re1tively limber 

maies, and (4) 8tiÍT malos. Seo Tables Xaid XI. 



ab1e IX, Part I Differential Count. 
Guinea Pigs Deficient in the Anti-Stiffness Factor 

for Periods oC 4-8 weeks and or Pertods of 1O-1/ Weeks Caedth $tock inea Figs ____________ 
25 19 Guinea ?ig 12 Guinea Pigs (Male) 

Stock 4-8 weeks on deficient diet 10-34 weeks on deficient diEt 
Guinea Pigs 

Coared Compared 
r4ean !ean ith Stock Mean with Stock 

Degrees Degrees 

Grarnilocytos 20.42 26.58 1.92 132 47.83 7.17 332 
Agranulocytes 73.99 67.76 -1.63 133 JQ -5.52 333 
Yisintegrated cells 5.59 5.38 -0.24 2.33 3 .76 -1.87 333 
Ntrophi1s 17.76 23.77 1.79 133 41.55 6.13 333 
Lyiuphocytes 70.09 64.94 -1.49 332 51.13 -4.70 332 
Eosinophile 2.06 2,30 0.20 133 T2.01 -0.03 133 
Kurloff 1.95 1.29 -1.80 333 0.14 -4.29 133 
Basophils 0.,2 0.52 -0.03 3.3 0.27 -0.91 333 
onocytes 1.63 1.41 -0.1 333 0.94 -1.64 333 

AU values underscored are significantly different from the stock animals. 



Table IX, Part II. Differential Couat 
Guinea Pigs Deficient in the Anti-Stiffness Factor 
P4rv M I..'flÖ Wc4r l 

-- ---- --- 

. 

- - -.-- 

n. 

- ::: ;:T;' 

lo 
-Ç;: 

. 9 

j-: 
....:' 

55 

- 

25 
Stock elatve2y Limber Relatively Stiff iean ielatively Relatie1y en 

Cell pe ciinea errales for Jirn're. ale Stiff Males for 
Pige Mean Co)8red ean Coipared Mean Gonared Mean CPared - 

Mean , with Stock with Stock with Stock With Stock 

- , 

d11f.* : ç1f. j t d.f.* t d,f % 

Graii- 

- 

20.42 4,65 

- 

1,11 332 8.88 4.67 ]32 31.h2 5536 .5l 132 50.21 11.65 132 51,14 
loytes 

grwm- 73.99 /2.29 -0.42 133 58.41 -3.72 133 65.68 4..59 -7.45 133 -10.20 ]33 
loc7teø 

Diai.nte- 5.59 :3.00 -2.57 l3:3 -2.89 2.95 -2.44 33 2,93 -3.98 )33 :'Q 

grated 

Netro- 17.76 22.71 1,2i. 133 22.42 1.3,3 133 22.56 54.74 .6]. ]33 .2) 9.53 333 1+.49 
phils 

Lyxph(.- 70.09 70.41 0.08 132 53 -3.53 )32 63.16 9.34 -7.01 132 449 -9.13. 332 43.68 
cyte& 

Eosino- 2,06 1.54 -0.3? 133 16. 9.38 333 .22 0.30 333 6O9 4.21 333 5.Z3 
phils 

Kurloff 1,95 0.89 -2.44 133 1.9? 0.04 ]33 1.35 O.O - 333 0,00 - 333 0.00 

asophils 0.52 0.41 -0.40 1)3 0.&S 1.19 133 0.63 0.32 -0.68 33 0.79 1.3b 233 0.60 

}onocytes .69-2.iß 1JØ -i.233 08 i6B OU i3 1)2 -1.06 133 1.33 
cegrees o xroecioTn. w. vames uieracorea are signiricantiy cilrierenz xron tne stock, M 

"I 
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T*ble X, Part I. Diff*zentia1. Count. 
Guinea Pige 1ftciont in Ui* Anti'8tittneea Factor l'or 24 -110 Weeks 

Cell Type Linber I1ee 
Mean 

Stiff L1e 
J) 

Degrees 
oS I reedoi i 

:::; 

Oranilocytes 

- 

55.36 

:dean 

50.21 1.35 232 
Agranulocytes 41.59 66.40 -1.19 233 
Dieirrtegrated 2.95 2.91 0.04 333 
Nitrophils 54.24 43.Z3 2.89 333 
Lthooytes 39.34 44.98 -1.39 332 
Eoainophils 699 -4.02 333 
Kurloff 0IC3 0.00 - 133 
Basopbila 0.32 0.79 -1.65 333 
Vonooytee 1.68 1.32 0.85 133 

Values underscored are aignificantly different. 

Table X, Part II. iifferontia1 Count. 
Guinea Pige De.ficient in the Anti-Stiffness Factor l'or 24 -110 Weeks 

U Relatively 10 ¡e1ative3y 
CoU Type Limber F ainales Stiff Females Degrees 

.: wi T 

Oraxtiiocytes 38.88 -3.08 332 
Agrenu1ocytes 71 58.43, 2.84 333 
.sintegrated 3.00 2.fM 0.35 133 

N.itrophi1s 22.71 22.42 0.06 133 
Lyhocytee 7.!4 55.1 3.3.0 332 
ioainophi1e 1 53 -8.36 1.33 

çur1ofl' 0.89 1.97 -2,05 333 
Basophila 0.41 0.88 1.35 133 
Monocs O .69 1,10 -0.78 333 

Values underscored are signiíicantlr different. 



Table XI. 
The Mean Vaie of Each Blood Cell Tpe per Cubic Millineter 

Male arid Female Guinea Pigs Deficient in the Anti-Stiffness Factor 
for Periods of 24 - 110 V'eeks Coared with Stock Guinea pi.s. 

Cell ype Stock Male Guinea Pigs Female Guinea Pigs 
Guinea is Deficient Diet 24-110 eeks L'ex icient Diet 24-110 e&s 

Grariulocytes 1575 9027 3906 

Agrariulocytee 5550 7965 3273 

Disintegrated 375 513 351 

Nitrophils 1275 7783 2347 

ymphocytes 5250 7611 7938 

Eosinophils 150 885 

Kurlofí 150 0.5 170 

Basophila 41 106 79 

Monoctea 321 226 110 
Mean value of each col]. type for both stiff and re1ativ1y unbar male guinea pigs X 17,700 ( the mean for 

the white blood count for deficient gdinea pigs). 
Mean value of each cell type for both Stiff ad re3atively limber female guinea pigs X 12,600 (the moan 

for all white blood cants on deficient females to date.) 



G. Non-filaxnented Neutrophile. Percentages of non- 

f i1aented neutrophile were deternilned for twenty-five 

stock guinea pigs and fIÍ teen guinea pigs fed on a diet 

deficient in the anti-stiffness factor 10 (one case) to 

loo weeks, average 63 weeks. All counts were 1acie at 

1080 X according to Osgood's interpretation of a fila- 
mentod cell (19, pp.48-49). See Table XII. 

Table XII. 
Guinea iigs Defic 
Poriod of 10-100 

Number - 
of 

Diet Veeks 

Non-filamented Neutrophile. 
tent in the Anti-Stiffness Factor 

eoks Compared with Stock Guinea 

Number Compared 
of Mean with Stock 

on Axiimsls Degrees 
Diet t of Freedom 

igs, 

stock -- 25 4.43 

Deficient 10-100 1 14.53 6.29 39 

Those figures indicate a significant difference in 

numbers of non-filamented neutrophile. 
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Dicus3ion 

Normal Guinea . One of the difficulties en- 

countered In 3tudylng blood changes In abnormalities expon- 

mentaliy produced in laboratory anima1 1 the great vari- 

ation in "normal" values as found in the literature. Much 

timo is lost by each experimentar since he must attempt to 

determine these values for hie own laboratory. Frequently 

after he has taken his normal values he finds so much 

variation in them that they are almost useless to bLm 

(6, pp.810-li; 12; 13; 16, pp.590-91). 

The following data taken on normaltt guinea pigs as 

they arrived at this laboratory shows at least one impor- 

tant cause of tib is variation in guinea pigs. It also shows 

the universal susceptibility of guinea pigs to deficiency 

of the anti-stiffness factor. These puinea pigs appeared 

externally to be in good health. See Table XIII. 



Tab1 XIII. The Normal Guinea Pï. 
A Tabulation of Amounts and Severity of Stiffness 

uron Arrival of Stock Guinea Pias Suoolied to this Leboratorv. 

Number Source Green Amount of Stiffness 
of 

Animals 
of 

Aninii 
Diet Feed er cent Per cent Per cent 

not moder- severely 
stiff ately stiff 

stiff 

Supply 

_________ - 

86 ? Lettuce 5% 39% 58% 
House 

stock 
Colony Rabbit 

20 another poi- Letluee O 25 75% 
lab. lets 

Liberal 
amounts 

il Farmer fresh 82% 18% 0% 
hay 

Stock 
Colony Rolled 

20 another barley Carrots 30% 50% 20% 
lab. 

Stock animals in this laboratory fed rolled barley 

with large amounts of kale or mixed grasses dsily showed 

no wrist stiffness. If lettuce was substituted as the 

source of green feed, stiffness soon appeered. The fol- 

lowing table shows a group of eight stock animals from 

this laboratory fed on barley and kale or grass and the 

same group two months later fed on rabbit pellets and 

grasa. See Table XIV. 



31 

Table XIV. The Normal Guinoa Fig. 
Stock Guinea Figs on a Diet Adequate in the 

Anti-Stiffness Factor Compared with the Same Guinea Pigs 
Two onths Later on a Diet Poor in the Anti-Sffiiess Factor. 

Number Source Amount of Stiffnoss 
er cent Per cent Per cent of Basal Groen 

Animals Animals Diet Feed not moder- severely 
stiff ately stiff 

_______ stiff 

Stock 

______ 

8 Colony Roiled Kale 
this barley or 100% 0% 0% 
lab. grass 

Rabbit 
poi- Grass 12% 62% 26% 
lets 

Blood values taken in this laboratory fr stock eni- 

mais (both young and old) which showed no wrist stiffness 

had no greater variation, and sometimos less, than the 

corresponding human values while in almost every type of 

test the deficient animals showed much wider variations. 

See Table XV. 
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Tablo XV. The Normal Guinea Pig. 
A Comparison of the Rango of Values 

in Clinical Tests of Stock Guinea jjgs 
and Guinea Pigs Deficient in the Anti-Stiffness Factor. 

Range of Range of 
Stock Animals Deficient Animals 

Hemoglobin 88% - 108% 59% - 93% 

Red count 4,260,000 - 
5,625,000 

Color index 0.87 - 1.06 

Red cell 74,a - 
diameter 

Sedimentation 1.0 uim. - 3.5 mm. 
rate 

White count 3,900 = 11,900 

Per cent 6% 31% 
neutrophi is 

Per cent 60% 79% 
lnphocyte a 

Per cent 0% - 
eosinophils 

2,880,000 - 

4,9130,000 

, rr , 
- J_I 

- 8.,..-i 

2.0 mm. - 19.0 mm. 

11,050 - 30,000 

5%- 88% 

8% - 84% 

0% - 26% 

This research indicates that the anti-stiffness tac- 

tar plays an important role in erytbropoiesis in guinea 

pigs. One of the most important effects on the blood of 

animals deficient in the anti-stiffness factor is the 

decrease in basophilic aggregations in the erythrocytes, 

which may be considered another way of measuring reticu- 

locytes (22). The anemia produced is hypocthemic, normo- 

chronic, and normocytic or macrocytic. One-third of the 
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ciies observed were definitely macrocytic. In general 

the more severe the hypocythernia, the greater was the 

maorocytoii. There were no caseß of inicrocytic anemia. 

Th1 eliminates a possible inadequacy of iron In the milk 

diet as a cause of the anemia inco iron anemias are 

typically hypochromic and microcytic. 

In most cases deficiency of the anti-stiffness factor 

did not produce a 9evere aneria; liowever, nineteen per cent 

had red counts of 3,500,000 - 2,880,000 as compared with 

the normal count of 4,260,000 to 5,625,000. 

In rheumatoid conditions there la usually a moderate 

reduction in erythrocytes and hemoglobin (6, 7, 21, 23, 29). 

Severe cases of rheumatism may produce severe anemia (6). 

Phe nature of the anemia is undetermined. oderate simple 

hypochromic anemia is reported by Comroe (S) to occur. 

The sedimentation rate showed an early (2 to 6 weeks 

on the deficient diet) and statistically significant in- 

crease over t he normal values even though fifty per cent 

of the cases were tlll normal. In the young gu mea pigs 

the first to show elevated sedimentation rates were also 

the first to show wrist stiffness. Nearly all the guinea 

pigs 17 to 39 weeks on the skim milk d let had abnormally 

high sedimentation rates, only 18.75 per cent remaining 

within the normal range. However, animale deficient in 

the anti-stiffness factor 45 to 81 weeks again showed a. 
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high percentage of normai viue$ although the mean Is still 

sinIficant1y higher than normal; at this age 42.10 per 

cent had normal sedimentation rates. 

Steinbrocker (29), Short, Dienes, and Bauer (28) 

report the sedimentation rate to be positive In rh.etoId 

arthritis In nInety por cent of the cases. Especially la 

this true In the acute stages of rheumatoid arthritis 

(1 29). In osteoarthritls S1ort, Dionea, and Bauer (28) 

reported a positive sedimentation rate In flft7 per cent 

or seven patients, but lt is usually considered to be only 

slightly increased In this condition (2, p.249). The 

£eview of American and British literature on rheumatism 

and arthritis for 1939 (1) reported the sedthentatlon rate 

to be norms I in elphty per cent of the cases of rheumatoid 

arthritis. 

The differential count for guinea pigs deficient in 

the anti-stiffness factor shows numerous deviations from 

those of stock gu Irisa pigs. It Is possible to have changes 

in the percentage of a cell type without having any devi- 

ation from the total number of that type normally present 

per cubic millimeter. This is termed a relative change 

(2, p.181). Absoluta changes occur when there are actual 

decreases or increases of any coil type per cubic milli- 

meter. 
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Tables IX and X show percentages of cells for stock 

guinea pigs and guines pigs deficient in the anti-stiffness 

factor. Table XI shows the means for each cell type per 

cubic millimeter of blood in stock animais and the mean 

for guinea pigs deficient in the anti-stiffness factor 

24 to 110 weeks. 

The mean number of leucocytes for stock ani- 
mais X the mean number of each cell type for 
stock animals the mean normal value for each 
cell type per cubic millimeter of blood. 

The mean number of each cell type per cubic mliii- 

meter for the deficient guinea pigs is determined by the 

same method, usinE, of course, the mean values of isiico- 

cytea and cell types corremponding to the sex and length 

of time on the deficient diet. 

The differential count for deficient guinea pigs will 

be discussed under the following headings: 

A. Male and female guinea pigs 4 to 8 weeks on the 

deficient diet. 

diet, 

diet. 

13. Ta1e guinea pigs 10 to 14 weeks on the deficent 

C. Male guinea pigs 24 to 110 weeks on the deficient 

(1) Relatively limber maies. 

(2) Roltitively stiff malos. 
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D. Female guinea pigs 24 to 110 weeks on the de- 

ficient diet. 
(1) Relatively limber females. 
(2) Relatively stiff females. 

A. Male and female guinea pigs deficient in the anti- 
stiffness factor for 4 to 8 weeks show no real variation 
from stock guinea pigs. See Table IX. There is a very 
slight increase in percentage of neutrophils. 

B. Male guinea pigs fed the deficient diet for 
periods ranging from 10 to 14 weeks: See Table IX. 

1. Granulocytos - increased percentage 
from normal (statlstical» signifi- 
cant). 

2. Agranulocytes - decreased percentage 
from normal (statistically signifi- 
cant). 

3. Disintegrated cells - alitht1y de- 
creased percentage from normal 
(not significant). 

4. Neutrophils - increased percentage 
from normal (statiatical1 signifi- 
cant). 

5. Lymphocytes - decreased percentage 
from normal (statistically signifi- 
cant). 

6. Eosinophils - normal. 

7. urloff - decreased percentage 
from normal (statistically signifi- 
cant). 

8. Basophils - normal. 

9. Monocytes - normal. 



37 

C. Male guinea pigs fed the deficient diet for 

periods ranging from 24 to 110 weeks: Seo Table IX, Part fl 

Table X, Part I, and Table XI. 

3,. Grariulocytes - increased percentage; 
absolute increase in number of cells 
por cubic miLLimeter. 

2. Agronulocytes - decreased percentave; 
normal number of celle per cubic 
millimeter. 

3. Disintegrated cells - decreased per- 
centage; normal number of cells per 
cubic millimeter. 

4. Neutrophile - increased percentage; 
absolute increase in number of cells 
per cubic millimeter. 

5. Lnphocytos - decreased percentage; 
normal number of cells per cubic 
millimeter. 

6. Eosinophile - increased percentage; 
absolute increase in number of cells 
por cubic millimeter. 

7. Kurloff - nono seen. 

8. Basophils - normal percentage; abed- 
ute increase in number of cells per 
cubIc millimeter. 

9. Monocytes - normal. 

130th relatively limber and relatively stiff male 

guinea pigs fed the deficient diet for periods of 24 to 

110 weeks have significantly abnormal percentages of 

exactly the same coli types. There are, however, two Im- 

portant differences between the two kinds of animals. 

Relatively stiff guinea pigs have a signifIcantly higher 



number of eosinophile than do relatively limber male guinea 

pigs. The more limber animals actually have a significant- 

ly lower number of eoithophlls than do the stock animals. 

Frequently they have no eosinopìiils at all. 

On the other hand, the iore limber male guinea pigs 

of this age group have significantly higher percentages of 

neutrophils than do the stiffer males. 

D. Female guinea pigs fed the deficient diet for 

periods ranging from 24 to 110 weeks: See Table IX, Part 

lI; Table X, Part IT, and Table XI. 

1. Granulocytes - normal percentage; 
slightly Increased number of cells 
per cubic millimeter. 

2. Agranulocytes - normai. 

3. Disintegrted cells - decreased 
percentage; normal number of celle 
per cubic millimeter. 

4. Neutrophils - normal. 

5. Lymphocytes - normal. 

6. Eoslnophila - increased percentage; 
increased number ei' cells per 
cubic millimeter. 

7, iurloff - normal. 

8. Basophils - normal percentage; per- 
ha; increased number of cells per 
cubic millimeter. 

9. Wonocytes - normal. 



3) 

(1) Relatively limber female guinea pigs 2 4 to 

110 weeks on the deficient diet: See Table IX, ?art Ii, 

and Table X, Part II. 

There are normal percentages of ail cells except 

disintegrated cells which are significantly decreased 

from normal in percentage as are Kurloff inclusions. 

(2) Relatively stiff female guinea pigs 24 to 

110 weeks on the deficient diet: See Table IX, Part II, 

arid Table X, Part II. 

1. Granulocytes - significantly 
increased in percentage 
fron nomal. 

2. Ap,ranulocytes - ipnificart1y 
decreased in percentage 
from normal. 

3. isimtegrctod cells - 
cantly decreased in percemtage 
from normal. 

4. Neutrophila - normal. 

5. Lymphocytes - significantly 
decreased in percentage from 
normal. 

6. Eosinophils - significantly 
increased in percentage from 
norna1. 

7. Kurioff - normal. 

8. Baiophils - normal. 

9. onooytes - normal. 

Relatively stiff female guinea pigs show more devi- 

ationa from normal in the differential count tban do the 
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more limber fern&le guinea pigs. The neutrophil count is 

normal for both groups but the stiffor females have an 

cosinophilia of rifteen per cent. 

Both relatively stiff male and female guinea pigs 

fed the deflciert r5îet for periodF ranging fron 4 to 

110 weeks showed a persistent eosinophilia. The ernennt of 

eosinophilia generally rose vith increasing stiffness. In 

every case eosinophilia was aae3ciatod with moderate or 

severe stIffness. In only two cases out of eighty-five 

ws severo stiffness not accompanied by eosinophilia, and 

one of those cases showed six per cent basophilia. 

The deficient maies alone had a nouroph1lia and an 

absolute decreco in Furloff cell inclusions. 

The loes of the Kurloff cell Inclusion by the de- 

ulcient rale Is especially InterestIng since normal f e- 

male guinea pigs tend to have a higher number of Kurloff 

cell inclusions than do maies and since the deficient 

females showed no decrease from normal of their Kurloff 

inclusions. 

lkhite celi counts were increased in all but one 

male who had 11,050 white blood cells, IJsually the white 

cell count did not become elevated in the deficient guinea 

pig until about three five months of deficiency in the 

anti-stiffness factor. 
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Very rew (six) white blood counts were made on de- 

ficient females but halt of these were lower than the 

white blood count of ny deficient piale. 

In rheumatoid conditions the ieucocyte count is 

reported to rsnge from normal in quiescent staces to 

20,000 in acute stages (1, 6, 6). In chronic arthritis 

there may be a leu)oponia (5, 7). Steinbrockor (29), 

Cornroe (5) and Eaton ('7) found the non-filament count to 

be increased. Ileutrophils were reported in 1)oTiney (6) 

to be increísod soiiewhat during acute stages. The eview 

of Ariierican and British literature on rhoumatim and 

arthritis for 1939 (1) reported ninety-six per cent of 

the oases of rheumatoid arthritis had noutrophilia. 

Pemberton (23) an Comroe (5) found a persistent eostho- 

philia in severe cases. 
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1. DeficIency of the anti-stiffness factor in guinea 

pige produced a hypocythernic, normochromic and normocytic 

or macrocytic anemia. 

2. Poor erytbropoietie function was indicated by a 

sinif leant drop in per cent of basophulic aggroat1one in 

erythrocytos even in the first eek8 of the deficiency. 

3. The sedimentation rate of red cells ws olevated 

within two weeks after the beginning of the deficiency, 

the iççh values parallelIng the development of writ stiff- 

ness. In only fifty-eight per cent of the ceses was there 

a high sedimentation rate in animals fed on the deficient 

diet approximately one year. 

4, There was a leucocytosis averaging 17,700 cells 

with granulocytes and non-filsinented neutrophils thowin 

stati8tically ignificsnt Increases. 

5. Stift males and females showed persistent eosino- 

phIlla whereas relatively 1irber malee bowed a decrease in 

eosinophile from normal, 

6. Male guinea pigs deficient In the anti-stiffness 

factor showed an absoluto increase in all types of granulo- 

cytes, a relative dccrecso in lymphocytes and disintegrated 

colis, and an absolute decrease in Kurloff cell Inclusions. 
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Female guinea pigs deficient in the anti-stiffness factor 

showed a slight absolute increase in ali types of granulo- 

cytes and a relative decrease in disintegrated cells. 
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