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I . I NTRODUCTION 

Progress towards control of endotoxic diseases has been relativel y 

slow in medicine and comparative medicine . This is due to a lack of 

understanding of the pathogenesis. Despite distinctive features, the 

outward clinical signs of endotoxic diseases can be confused with 

exotoxemia or infectious diseases. An important aspect, which also must 

be considered, is the variable response t o endotoxin exhibited by 

different species of animals . Variations within species fur ther compli -

cate the study of endotoxins . Until the pathogenic mechanisms are under -

stood, the prophylaxis and treatment of endotoxic maladies will be 

largely empirical and symptomatic . 

There exists one disease entity which the veterinarian i n swine 

practice should understand that appears to fall in the rea l m of endo -

t oxemia . This entity is edema disease. 

With knowledge of the pathogenesis of edema d i sease the ve t erinarian 

wi l l be prepared t o advise the husbandryman on management conducive to 

its prevention. A corranon procedure in swine production today is the 

injection of iron . That iron deficiency contributes to increased sus -

ceptibility to swine diseases is common knowledge to husbandrymen, but 

t he specific part that iron p l ays in edema disease has not been elucidated . 

To clarify the effect of parenteral iron on edema disease , a means 

of reproducing edema disease is needed. Because edema disease is sporadic, 

a logical approach to its study is by means of endotoxic shock . 

The parameters to be studied should include routine hematology 

because both iron-deficiency anemia and endotoxic shock have been investi -
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gated by this means . Since edema occurs in both edema disease and 

endotoxic shock, the serum electrolyte changes should also be investi-

gated . Gross and microscopic l esions of edema disease and endotoxi c shock 

have been described and, therefore, should be included in a study of 

endotoxic shock . 

This inves t igation of experimental edema disease in swine involved 

t he study of iron -deficiency anemia and endotoxic shock by means of 

pathology, h ema t ol ogy, and serum electrolyte determinations . The objec -

tives were : (1) to note t he effect of iron -deficiency anemia on 

endotoxic shock by investigating various hematologic parameters , (2) to 

consider serum electrolyte changes in endotoxic shock, and (3) to com-

pare the resu lt s of t his study with the edema disease syndrone . 
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II . LITERATURE REVIEW 

A. Endotoxic Shock 

1 . Endotoxins 

Endotoxins a r e very l arge molecules and exis t as phosphoru s -

containing, polysaccharide - protein - lipid complexes (Tauber and 

Russe ll, 1961) . Bacteria that produce endotoxins are of the Gram-

negative type . Gram- negative bacteria need not be infectious t o pro -

duce endotoxins (Braude, 1964) . The endotoxins a r e extracted by several 

methods : normal saline (Pan et al . , 1962), freeze - thaw (Pan et al ., 

1962), trichloroacetic acid (Braude , 1964), phenol -acetone extraction 

with lyophilization (Tauber and Russell, 1961), and sonic extraction 

(Davis et al . , 1961) . Endotoxins are thought to be s ituated on or near 

the surface of the bacterial cell (Weil and Spink, 1957) . 

There are major chemical differences between lipopolysaccharides 

obtained from" different bacteria (Tauber and Russell , 1961) . Yet endo -

toxins all produce the same general symptoms in experimentally exposed 

animals , r egardless of what bacterium may have furnished the t oxin 

(Carroll, 1965; Braude , 1964; Gilbert, 1960; Keiss et al . , 1964) . Despite 

the diverse orig in and differ ent methods of preparation, endotoxins may 

be considered collectively (Burrows , 1951; Thomas, 1954; Wei l and Spink, 

1957). 

The lipid portion of endotoxins is pharmacologically and immuno-

l ogically inert . The polysaccharide portion functions as a haptene and 

is r espons ible fo r the immunologic specificity of the complex . The 

protein moiety is an acidic conjugated protein, but not a nucleoprote in 
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and in combination with the polysaccharide does not give the ordinary 

qualitative t ests for protein. I t is stable t o hea t and proteolytic 

enzymes ( Burrows, 1951). Enzymes which do not detoxify endotoxins are 

lysozyme, crys t al line trypsin, chymotrypsin, pancrea tic lipase and 

lipoprotein lipase (Tauber and Russell, 1961) . 

Ambiguities in t he literature make it seem most likely that the 

entire molecule is essential for the action of the endotoxin in producing 

the disease (Braude , 1964) . 

2. Antigenic aspects of endotoxins 

Certain symbiotic bacteria that live in the i ntestinal trac t of 

mammals are known t o contain endotoxin, and this may give rise to anti -

bodies. Braude (1 964) stated that he found ant ibodies to endotoxin in 

t he blood of virtually all the manunals he examined . I n an experiment 

in which endotoxin was given to rabbits , he found, after shock was pro-

duced, that t he concentration of natural an tibod i es fell sharply as did the 

complement. Smal l doses of endotoxin , too sma ll to produc e shock, in-

creased the an t ibody titer . I t turns out that an t ibodies sometimes 

increase r esistance to endotoxin and some times l ower resistance . A 

possible answer i s that t he issue is decided by the rela tive proportion 

of endo toxin and antibody , i . e ., if the amount of antibody exceeds the 

amount of t oxin, i t protects; if it does not, it may add t o t he toxicity 

(Braude , 1964) . 

Since endotoxin toxicity is often ineffectively neutralized by 

antibodies , endotoxins may resemble certain naturally occurring substances, 

such as enzymes, in their antibody-antigen behavior, e.g . , catalase which 
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stimulates a ntibody formation and r eacts in v itro with hemologous a n ti -

bodies , but it is not neutralized in vivo by antibodies (Burrows, 1951) . 

Another possib le explana tion i s tha t subs tances other than an ti -

bodies a r e involved (Braude, 1964) . In such a study it was noted that 

peripheral vascu l ar failure caused by endotoxin in the dog has an initial 

stage of vasoconstriction . Preliminary studies in vitro demons trated tha t 

t he constriction was due t o the interaction of endo t oxin with a heat 

labile serum or plasma factor and pla t e l ets, r esulting in t he liberat i on 

of histamine or histamine - like substances . I n vivo , normal dogs were 

protec t ed by trans'fusions of reconstituted blood in which the essen tial 

serum factor was dep leted with heat or by inj ec ting endotoxin into immune 

donor dogs. I t was postulated tha t a n enzyme or enzyme system is in-

volved ( Spink and Vick, 1961). 

I f endotoxic shock i s an antibody -antigen reaction, it should r e -

semble anaphylactic shock . It does in the dog . Both anaphylactic and 

endotoxin shock syndromes in dogs are the result of vascu l a r stasis occurr -

ing in the portal venous system . They a r e s imi l ar histopathologica lly and 

hematological l y . The s i milarity i s due i n part to the fact that both r e -

l ease histamine . Ther e ar e small differences. Endotoxin tends to e l evate 

body temperature as opposed t o anaphy l axis ; whereas anaphylaxis t ends to 

prolong clotting time as opposed to endo toxin (Wei l a nd Spink , 1957) . 

That endo t oxins have antigenic properties has been a lluded to by 

workers using sing l e in jections into superior mesenteric arteries of rab -

bits . Lesions in t he colon wer e similar to the Shwartzman phenomenon, i . e . , 

thrombosis of the small vessels, fibrinoid degenera tion of vessels , a nd 
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necrosis. The omission of a p~epara tory dose was of in t eres t and one 

could assume t hat the gut is in some way sensitized by previous contact 

with Escherichia coli (Charnovitz e t al ., 1962). Shwartzman-like r eactions 

may occur in o ther organs , for example the kidney, upon endotoxin in-

jection fol l owing a sensi t izing dose (Thomas, 1954) . J ensen e t al., (1963) 

found germfree mice as we ll as specific pathogen free mice t o be signi -

ficantly more resistant to the letha l effec t of endotoxin derived from 

Escherichia coli strain s i ndigenous to the mouse , than conventional mice 

of the same genetic stock . Mic e with greater c oliform populations in 

t heir intestines were more susceptible. Conventionalization of germfree 

or specific pathogen free mice enhanced their suscep tibility t o endotoxin . 

Germfree or specific pathogen free mice contaminated wi th a singl e strain 

of Escherichia coli fai l ed to become more susceptible to endo t ox in. This 

experiment would also indicate an antibody -antigen r eac tion . 

~ Toxic aspects of endo toxins 

Just as endotoxic shock may be an antibody-antigen t ype reaction, 

it may well be a direct toxin . For example, Rubenstein e t al., (1 962) 

with the a id of inununofluorescence , found endotoxin distributed t hrough -

out the wa l l s of blood vessels in endo toxin-in jected dogs . It may be 

tha t endotoxin acts directly on blood vessels t o produce peripheral 

collapse . 

Chien~ al ., ( 1964) have observed one possibly direct ac tion of 

endotoxin. They found that endotoxin caused an increase in capil l ary 

permeabi lity t o bo t h t he f l uid and the macromolecules in plasma . 
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Greisman (1960) has shown that endotoxins probab l y activate 

histamine - releasing factors in ra t plasma which accounts for t he patho -

physio l ogic alterations of the endotoxic r esponse . On the other hand, 

failure of antihistamine in most instances to offset the detr imen t al 

effects of endotoxin does not obviate the role of histamine, but 

illustrates tha t endotoxic shock is complex and involves a variety of 

neurohumora l relationships (Hinshaw et al . , 196la ). Chopra~ al . , 

(1964) and Chopra and Blackwood (1964) support the toxemia hypothesis by 

observing that r epea t ed treatments of non-sensitized guinea - pig uterus 

with extracts of. different hemolyt ic strains of Escherichia coli produce 

contractions of essentially the same magnitude. Considering t hat t oxins 

produce edema in swine (Clawson~ !!l· , 1961), the pure ly toxic aspects 

of endotoxi n must not be overlooked . 

4. Effect of endotoxins on cardiovascular dynamics 

Along with other dynamic effects of endotoxin there occurs a p~o ­

found vasomotor disturbance (Thomas, 1954) . Vick (1960) has shown in the 

dog tha t vessels contract due to neurohumora l substances when endotoxin 

is in the blood . 

In discussing the mechanisms of hemodynamic shock due to endotoxin , 

Gilbert (1960 , 1962) and Hinshaw~ al . , (196lc ) at tribute shock to a 

decline in cardiac filling and/or a decline in vascular r es istance . Since 

cardiac output depends upon adequate cardiac filling and blood pressure 

equals cardiac output times tota l periphera l r es i stance, it can be under -

stood why endotoxic shock r esults in hypo t ension as do other types of 

shock. Gilbert (1960) states that there probably exists no critical 
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reduction in total b l ood volume in uncomplicated endo t oxic shock in man 

and dog . He does mention that vomiting , d i arr hea, and edema may affect 

blood volume in the l ate s t ages of endotoxic shock . A dimin i shed venous 

return, n o t myocar dia l failure, probably account s for the decreased 

cardiac output (Gilbert , 1962). Weil and Spink (1957) have shown tha t 

eviscera tion pr events t he immediate ar t erial blood pressure fal l which 

is characteristic in the dog . 

Ku ida !::!.. al . , (1961) have compared the reactions of different species 

t o endotox in . Hypotension does occur at some time after endo toxin in -

jection in all species s tudied . Monkeys, r abbits , a nd cats were compared 

with dogs. Cats and dogs showed t he earliest hypo t ension . The cat 

displays extraord inary pulmonary vasoconstriction and t he dog excess 

splanchnic pooling as compared with the o ther anima l s . I nfusion of endo-

toxin in sheep produced a l ate systemic hypotension which was a ttr ibuted 

to vascular dilatation (Keiss e t al ., 1964) . 

Muller and Smith ( 1963) have shown in the dog a rise in pressure 

of the portal ve in associated with a decrease in blood f l ow of the 

hepatic arter y a nd portal ve in. A reduced ratio of portal flow to 

hepatic artery f l ow i ndicated a relative maintenance of the hepatic 

artery circula t ion . Chien e t al . , (1 964) fe lt tha t s uch findings indicate 

a marked cons triction of hepatic venu l es or sma ll veins after endotoxin . 

Hin shaw!::!.. al., (1962a) have compared histamine, a histamine re -

leaser, and endotoxin in the dog by recording hemodynamic even t s after 

injec t ion . Early responses t o endotoxin are altered if a histamine re-

leaser is given prior to endotoxin . So it would appear that endo t oxin 
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induces histamine r elease and that many of the vascular changes in 

endotoxic shock are due to histamine . Hinshaw ~ al. , (1962b) have also 

shown why pressor agents are contraindicated in endotoxic shock and they 

have g i ven a rationale for the protective action of adrenergic and 

histamine blocking drugs . Anderson~ a l., (1963 ) showed that anti -

histamines at the proper dosage reduced sys temic hypotension, but 

augmented pulmonary hypertension . 

In a similar experiment Tsagar i s ~al . , (1963) gave an an ti -

histamine and a drug tha t inhibit s synthesis of serotonin prior to endo -

toxin i nj ection . This pr e tr eatment decreased pulmonary artery pressure 

elevation, portal pressure elevation, systemic a rterial pressure drop, and 

the fa ll in cardiac output in the dog . This investiga tion shows that 

cardiovascular effects of endotoxin are mediated through the release of 

vasoactive agents such as histamine and serotonin . The pulmonary vaso -

cons trictive r esponse to endotoxin was found a mendab l e to selective 

b l ockade by alpha - methyl dihydroxyphenylalanine which itself has no . effect 

on the pulmonary circulation (Koehler et a l., 1963). 

The ac tivity of sero t onin and histamine has a l so been studied in 

rabbi ts (Davis et al . , 1963b). It was shown that warfarin, t olerance to 

endotoxin , and t o a lesser exten t heparin a nd immaturity l owered serotonin 

and histamine release . This work indicates that the r e are species dif -

ferences in histamine a nd serotonin r elease . They compared rabbits with 

other laboratory anima l s . Hi stidine may be affected by l ocalization of his -

tidine decarboxylase, which i s another unso l ved complexity (Waton , 1964) . 
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Hinshaw e t al ., (1962b), using isolated denervated dog legs perfused 

with blood cont aining endotoxin , noted edema as a result of incr eases in 

pressure in sma ll vein s . Th is agrees with Raddy ~ al . , ( 196 1) who ob-

served tha t local administration of vasoactive agents varies the t ransfer 

of water a cross the capillary membra ne by changing capillary hydrostatic 

pressure . Hydros t a t ic pressure in t he capillary is related to t he ratio 

of ar t erial to venous resistance . An imbalance results in excess wa t er in 

t he tis sues and is responsible t o an extent f or hypovolemia, hemoconcen -

tra tion, edema , and shock following inject i on of endotoxin . Chien ~ al . , 

( 1964) have a lso found that an intravenous injec tion of endotoxin into 

dogs causes an increase in capilla r y permeability and increased l ymph 

f l ow in t he thoracic duct . 

The role of small mesenteric veins in the d og , after perfusion with 

blood ob tained f r om intact dogs administered letha l inj ections of endo-

t oxin , has be en investigated by Hinshaw and Nelson (1962) . They found an 

increase in resistance t o blood fl ow and weight of intestine . Evidence 

indicated t ha t the progr ess ive development of splanchnic pooling i s 

primari l y due t o active constriction of sma l l veins in which r espon sive-

ness to epinephrine is enhanced by endotoxin . 

Gillenwater ~ al. , (1963 ) and Hinshaw ~ a l., (196lb ) have shown 

that the principal effect of endo t oxin on the kidney i s hemodynamic a nd 

not ncph r o t oxic . On the other hand, it is wel l t o r emember tha t 

Shwartzman-l ike r eac t ions occur in the kid ney after a second dose of 

endotoxin (Thomas , 1954) . Assuming t ha t a Shwartzman - like reaction does 

no t take place, endo t oxin markedly decreases al l rena l functions and 
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after the effects of endotoxin have ceased, the kidneys recover 

(Gillenwater~ al . , 1963) . 

5 . Effect of endotoxins on body temperature 

Mice, rats, and guinea pigs exhibit hypothermia in contrast to 

hyperthermia in man, rabbits, dogs, and cats after endotoxin injection 

(Atwood and Kass, 1964) . Braude (1964) discussed the pyrogenic action 

of endotoxin and points out the two hypotheses advanced to explain the 

phenomenon . One is "that the damaged white cells release a pyrogen and 

the other suggests that endotoxin itself acts on the hypothalamus. 

Atwood and Kass (1964) found that fever induced in rabbits either 

by physical (increase in ambient temperature) or pharmacological means 

increased the susceptibi l ity of rabbits to the l ethal action of endo-

toxin. On the other hand, physical means could also protect rabbits 

from fever and the effects of endotoxin. Rabbits kept at room temper-

ature had elevated rectal temperatures from 1.8 - 3 . 1°C due to endotoxin. 

Fekety (1963) using shorn rabbits restrained in a supine position 

and exposed to the cold made an interesting observation. After intra-

venous administration of endotoxin, they had no fever . However, appro-

priate late physiological responses of heat dissipation were noted 

despite the lack of fever . As these animals were warmed they became 

febrile . Repeated endotoxin injections in shorn rabbits resulted in 

greater vasoconstriction over the trunk and fever developed. 

Fukuda (1963a) has shown that endotoxic shock symptoms can be sedated 

by antipyretics in rabbits . Fukuda (1963b) has also demonstrated that the 

susceptibility of rabbits to endotoxin varies with the season . 
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Susc ept ibi l ity was increased in t he winter . Fukuda feels t hat the 

heat d i ssipa t ing mechanism may be fac il itated during the surrnner . 

6 . Adrenal func t ion in endotoxic shock 

Because the adminis t ration of adrena l cortica l hormones usually 

improves the condition of human patients in endotoxic shock (Weil and 

Spink, 1958) , it is pertinent to consider the role of the ad r enal 

cortex in endo t oxic shock . For example, an invest i gation by Melby ~ al . , 

(1 960) is enl igh t ening . They found that the adrenal secretor y activity 

i n t he dog which follows intravenous injection of le t hal and pyrogenic 

doses of endo tox i n is i ncreased . This was determined by measuremen t s 

of cor t isol in t he effluent of the cannula ted lumboadrenal vein . The 

i ncrease was of the same magnitude as t he adrenal secretory response t o 

a l a r ge dose of exogenous adrenocorticotropic hormone (ACTH) . Hypo -

physectomy abo l ished t he adrenal response to endotoxin . Secretory 

responses to exogenous ACTH diminished after t he intravenous adminis t ra -

t ion of a lethal dose of endotoxin . Af t er a pyrogenic dose of endotoxin 

was given, the elevation of plasma cortisol appea r ed to be so l ely due to 

an increased adrenal secre t ion a nd no t decreased cortisol me t abolism . 

They felt t hat an intravenous dose of endotoxin did not produce adrenal 

secretory failure in their s t udy . Evidently there is no lack of ACTH in 

endo t oxic s hock for Plager ~ !!..!.·, ( 1963 ) found that endotoxi n is more 

effective in s timulating ACTH r e l ease in th e dog than 2- methyl - l , 2 - bis -

(3 - pyridyl)- l -propanone 1 which blocks synthesis of cortisol . 

1
Metapirone, Ciba Pharmaceutical Company , Summit, New Jersey . 
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Fukuda (1963a ) used adrena l ectomized r abbits and found that endo -

toxic shock still occurred with an intensified vagotonia which he con-

sidered important in endotoxic shock . He noted a hypoglycemia in both 

adrena l ectomized and intact rabbits given endotoxin . 

Weil (196 1) stated there is no evidence of adrenal insufficiency 

as a significant factor in the progression of bacterial shock in man . 

He found t hat the value of corticosteroids in endotoxic shock is 

pharmacol ogic ra t her than physiologic. I n mice, rats, and dogs he noted 

t hat pr etreatment with cor t icosteroids prevent ed a fatal reaction to 

endotoxin. 

Spink and Vick (1962) found that reversal of endotoxic shock was 

most impressive with an aldosterone- angiotension I I combination. With 

the doses of aldosterone used , no alterations in serum sod ium or potassium 

concentra t ions were de t ected. No hypothesis as to the action of exo-

genous a l dosterone was made. I n a similar study using cats Hayasaka et al . , 

(1963 ) found pharmocological doses of aldosterone to be protective it 

given 30 minutes after the endotoxin. They felt that aldosterone had a 

direct effect on endotoxin itself. 

Hi nshaw ~al., (1964) found that adrenalectomized dogs given endo-

toxin are mor e severely affected hemodynamical l y in the early phases of 

shock . Secretions of the adrenal cortex may, therefore, have a net 

beneficial action, although in several experiments, intravenous injections 

of cortisol after endotoxin did not influence the degree of systemic 

hypotension in adrenalectomized dogs. 

At this point it is interesting to note that Aus t vol l (1958) re -

ported reversal of edema disease in pigs using injections of cortisol 
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and a 5% sulfamethazine, 5% sulfamerazine so l ution in t raperi t oneally . 

He reported that cortisol alone was less successful than the 

sulfonamides a l one. 

The adrenal medu l la has also been considered in endotoxic shock . 

Gourzis ~al . , ( 1961) found tha t rabbits pretreated with endo toxin 

showed significant ly increased presser responses to epinephrine and 

norepinephrine as compared with controls . The same relationship was 

demonstrated in vitro using rabbit aorta . They though t that t he de -

l eterious effects of endotoxin in shock were due t o exaggeration of 

existing vasocons t ric tion in an a l ready compromi sed animal . Increased 

l eve l s of catecholamines in the post-endotoxin period have been deter -

mined by Rosenberg~ al ., (1 959) . However, Hinshaw~ al ., ( 1964) found 

no evidence which woul d assign a detrimenta l r o le t o the sympa t hoadrenal 

system in the dog, cat, or monkey in endotoxic shock . 

Effect of endotoxins on iron metabolism 
~ ~ ~~ 

Kampschmidt and Arredondo ( 1963) have shown tha t injections of 

endo t oxin wil l produce a rapid decrease in plasma iron concentration in 

normal rats . Kampschmidt and Upchurch (1964) were able to show that 

endotoxin decreased the total iron-binding capacity of the serum of rats . 

Bound iron began to decrease short l y after injection of endotoxin . The 

total iron binding capacity decreased more s l owl y than the bound ir on 

and did not reach a minimum unti l 24 hours after endotoxin injection . 

Kampschmidt et a l . , (1 965 ) we r e able to show that the major reason for the 

decrease in plasma iron af t e r injection of endo t oxin in rats is an 

inhibited r eutiliza t ion of iron fr om recently destroyed erythrocyt es . In 
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this experiment, endotoxins blocked the removal of damaged r ed blood 

cells for the firs t 8 - 12 hours and then stimulated their removal . 

8 . The hematology of endotoxic shock 

One of the dist i nctive features of the endotoxins is t he 

characteristic change in the blood . Within a few minutes after intra -

venous injection of endo toxin 60 per cent of t he white cells u sual l y 

disappear from the bloodstream. The firs t t o go are t he gr anulocytes . 

During the nex t few hours the l ymphocy t es decline in number as do the 

platelets . Granulocytosis l ater resul t s f r om movemen t of cel l s out of 

t he bone marrow. A significant number of the origina l granu l ocytes wh ich 

disappeared do no t appear t o r ecircul ate . The number of white blood 

cel l s becomes abnormally high and this is ac companied by an increase in 

the immature erythrocytes (Braude, 1964; Herion et al., 1965 ; Weil and 

Spink, 1957). The l eukocyte count also decreases in vitro (Davis and 

Smibert, 1963). 

Blood glucose concentration is e l eva t ed within 1 t o 2 hours after 

inj ection, and hyperg l ycemia may persist fo r several hour s . I n severe 

shock, hypoglycemia may occur prior t o dea t h (Davis and Smibert, 1963 ; 

Thomas, 1954) . Acidosis occurs after intravenous inj ec tion of endotoxin 

(Hinshaw et al . , 1964) . Hemo l ysis occurs in t he dog (Spink , 1962) . 

Gillenwater ~ !!.l· , (1963 ) observed a decrease in serum potassium of the 

dog during the first hour after intravenous injection of endotoxin . The 

serum sodium remained uncha nged . 

During endotoxic shock in the dog Muller and Smith (1963) ob s erved 

a venous packed cell volume increase which they fe l t was due to an acute 
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plasma reduction. Chien~ al . , (1964) differed in t hat they felt the 

increase in a rterial packed cell volume, especi ally t hat seen dur ing 

the 1st hour after endotoxin inj ection , was l argely due to t he contraction 

of the spl een in response to sympatheticoadrenal stimulation , for t he 

initial rise was almost absent in splenectomized dogs . Weil and Spink 

(1 957 ) observed little change i n t he packed cell volume and the refor e fel t 

t here was in t he dog a pooling of blood in distended veins and not l eakage 

of plasma . They a l so noted no significant change in clotting time . 

Hinshaw ~ al . , (1964) stated tha t hemoconcentration is not a common 

finding in a ll species given endotoxin . Packed cell volumes of monkeys 

and cats either r emained constant or decreased . 

An excel lent study on endo t oxic shock in swi ne was made by Davis and 

Smiber t (1 963 ). Hemoly tic a nd nonhemolytic Escherichia coli endo t oxins 

given intravenously caused similar a ltera t ions of blood constituents 

af t er inoculation . There was an increase in uric acid and bi lirubin 

levels up to S hour s . There was no significant change in t otal protein, 

calcium , chlorid e , or a lbumin serum l evels . After inoculation of endo-

t oxin, there was a decrease in t he serum concen tration of arginine , 

aspartic acid, glutamic acid, me thionine , alanine, serine, proline , 

t yrosine , phenylalanine, l eucine , isoleucine, and lysine . There was an 

increase in t he l evels of ammon i a, ornithine , h i stidine , glycine , 

cystinc, and urea . There was no significant change in t he percentage 

of a l bumin and alpha, beta, and gamma globulins . However, in the serum 

t here was a decrease in alpha and beta lipoproteins and an increase in 

high density lipopro t ein . There was a marked decrease in the total 



17 

number of white blood cells 10 minutes after inoculation of endotoxin. 

The decrease was observed for all white blood cells rather than a 

specific type of cell. At 22 to 24 hours postinoculation, the number 

of white blood cel l s was higher than the normal level . There was an 

increase in stab cel l s and a marked decrease in lymphocytes . There 

was a slight increase in packed cel l volume within 5 hours after 

inoculation of the endotoxin . The swine were specific - pathogen- free, 

nonanemic, 10 weeks old, and of Yorkshire - Duree- Hampshire breeding. 

9. Symptoms and lesions of endotoxic shock 

Intravenous inj ection of endotoxins into experimental an i mals re -

sults in symptoms within one hour with symptoms at their peak at 2 - 8 

hours post injection . The most obvious symptoms are dyspnea , tremor, 

vomition, diarrhea, ~onvulsion, pros trat ion, and paraplegi a . Lethal 

doses result in death at 4 - 24 hours . Recovery from subletha l doses 

is rapid (Atwood and Ka ss , 1964; Burrows, 1951; Gilbert, 1960, 1962 ; 

Thomas, 1954; We il and Spink, 1957, 1958). 

The lesions seen at necropsy vary with the species, dose of endo -

toxin, and age, but in genera l the most prominent l es ion s are in the 

gastrointestinal tract . Localized edema and hemorrhage are found in the 

gastrointestinal tract and other organs . Congestion in most organs is 

t he result of vascu l ar stasis occurr i ng in the portal system (Burrows , 

1951; Gilbert, 1960; Weil and Spink, 1957, 1958 ) . It is wel l to r ecal l 

that secondary exposures result in hemorrhagic necrosis in many organs 

(Thomas, 1954) . Considering the violence of the systemic reaction upon 

the first exposure, there is a paucity of anatomical changes (Thomas , 1954). 
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In reproducing expe rimental edema disease in swine Pan~ a l . , 

(1962 ) reported vomi t ing, a staggering gait, paraplegia and convulsions. 

The inoculum consis t ed of supernatant of the extract from intestinal 

contents collected from pigs with edema disease . Gross l esions were 

edematous changes of the stomach, edema of the spiral portion of t he 

colon, edematous and congested l ungs, l ocalized hemorrhage and conges tion 

in the in testine , and swollen l ymph nodes . His topa t hologica l changes 

were fibrinoid necrosis , edema, and fibrinous t hrombi seen in ar t eries 

of the kidney, l iver, and heart . Pan~ al . , (1 962 ) were unab l e t o re -

produce the above symptoms a nd l esions using a supernatant prepared as 

above f rom nor ma l swine, nor were t hey a ble t o reproduce the above using 

the freeze-thaw t echnique . Some pigs d ied , however, and necropsy re -

vealed edema around the ga l l b l adder . 

J ones and Smi th (1964) injected swine, unde r ordinary commercial 

condi tions, in t rave nously with Escherichia coli and other Gram-negative 

endotoxins prepared by freeze-thaw and ultrasonic disintegrater 

techniqu es . The 37 pigs were 7 - 12 weeks of age. One pig died a t 5 

minutes and one 45 minutes post - i nj ection . No macroscopic cha nges wer e 

obs erved . The r emaining pigs showed immedia te vio l en t convulsions 

accompan ied by scr eaming which ceased a t 2 - 3 minu t es . At 5 - 15 min -

utes the pigs clamped their j aws , salivated and vomited . Re tching la sted 

unt i l 45 minutes . Then the pigs became incoordinated a nd within an hour 

were recumbent . One -half of the pigs had diarrhea . Meanwhile , the skin 

over t he ears , neck, shou l ders, and snout became blue, rectal temperature 

usually i nc r eased ~ - ~C and by 6 hours had risen 1 . 5 - 2° C above 
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norma l . During the first 6 hours no apparen t diffe rence was noted 

between survivors and t hose which ultima t ely died. After 6 hour s the 

survivors gradual l y improved and those t hat died l ater showed paddling 

mo t ions prior t o dea t h . Swelling of ears, snout , a nd reddening of the 

conjunctiva occurred . Near death, respi ra tion became abdominal, shallow, 

and irregu l ar . Extremities were cold and the rectal t empera ture was 

subnormal. 

Principa l l es i ons included submucosal edema of t he stomach, 

reddening of the stomach mucosa, edema of the mesocolon, excess a bdomina l 

and/or thoracic f lu id , congestion and hemorrhage of the kidneys . There 

was his t o logical evidence of edema in the lungs , pancr eas , l i ver, and 

adrenal s . 

B. Edema Disease of Swine 

1 . Clinical aspec t s 

The author of this thesis is fortunate in tha t he can refer the 

reader t o a r ecent and complete chap t er (Bennett, 1964 ) on the 

historical and clinical aspects of edema disease . Th e various possibil-

it ies presented in Bennett ' s chapter as the etiological agent of edema 

disease include t oxemi a , anaphylaxis, non-specif ic reaction of the body 

to stress, and infec tious agents . 

Gregory (1 957, 1959, 1960, 1962) and Timoney (1957, 1960) set the 

precedent of assoc i a ting hemolytic Escher ichi a coli with edema disease 

and they have favor ed the toxemia theory . Because Esche r ichia coli is 

an endotoxin producer, edema disease may be a form of endotoxic shock . 
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To empha size the diversity of thought concerning the etiology of 

edema disease , the work of Underdah l et al . , (1959 , 1963) should be 

mentioned. They reported the successful transmission of the disease by 

an infectious agent thought to be a virus. 

Ohshima and Sadao (1961) reviewed the world -wide occurrence of edema 

disease . The pathology of edema disease i s similar regardless of t he 

country . Even the variations are similar . 

Bomer (1963) stated, based on his clinical experience, only nutri -

tional and psychic factors can be responsible for edema disease . He 

stated that the triggering cause of edema disease is the sudden massive 

protein feeding to swine hitherto fed a low protein diet . This stress 

results in an adrenal insufficiency . The edema is a sequela of pervious 

vessels associated with a gradual insufficiency of the adrenal cortex . 

In sudden insufficiency edemas to not develop . In adrenal insuf fici ency 

of humans a deple t ion of potass ium and accumulation of calcium occurs in 

t he myocardium. Bomer (1961) found such calcium deposits in swine with 

edema disease and in swine with apopletic heart failure . So another 

hypothesis is advanced concerning edema disease, namely, it is a character -

ization of the well-known symptoms of the collapse of the adrenal cortex. 

I n contrast Matthias (1963) by means of a histological study of t he 

adrenal cortex found to a striking degree no change in the adrenals of 

51 swine with edema disease as compared with norma 1 swine. Ther efore , he 

stated that adrenal insufficiency and adrenal hyperfunction should not be 

considered in edema disease . He further states that the myocardial 

changes in edema disease are characteristic in many other swine diseases . 
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Vesselinovitch ( 1955) recorded a dysproteinemia in edema disease, 

namely, a decrease in the a l bumin to globulin ratio, which is indicative 

of stress. This is a non- s pecific reaction and could occur after s t ress 

due to other factors . Vesselinovitch did not report t he t ota l protein 

value . Davis and Smibert ( 1963) reported no change in total protein in 

experimental edema disease and no change in the percentage of albumin and 

g lobulins . Vesselinovitch ( 1955) reported that the albumin t o globulin 

ratio changes with age, but he gives no data from other diseases or stress 

conditions . 

Edema disease is usually acute, progressing from weakness and inco -

ordination to gradual paralysis or convulsions . Most affected animals 

do not show an increase in t emperature. Both diarrhea and cons t ipation 

have been observed . The l esions are variations of edema and hemorrhage. 

The variation occurs in respect t o location and severity. Edema disease 

does not produce a marked leukopenia (Bennett, 1964) . 

The epizootiology of edema disease in swine has been studied by 

Kernkamp et al., ( 1965) . Their study supported the view that edema 

disease is not a highly contagious and spreading disease among pigs in a 

herd . Certain litters do appear highly susceptible . Morbidity averaged 

16 per cent with a mortal i ty r ate of 10 per cent. The disease never re -

curred in the same pig . Occurrence of edema disease could no t be related 

to diet . 

2 . Relation to endotoxic shock 

InLuitive ly, the injection of Gram-nega tive bacteria or disintegrated 

portions of Gram- negative bacteria into swine should produce endotoxic 
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shock . Such injections of bowe l extract, freeze - thaw ex t ract, and 

sonic extract have mimiced edema disease (Davis, 1961 , 1963 ; Erskine, 

1957; Gregory, 1960; Timoney, 1960). Therefore, because such injections 

produced endo t oxic shock in o t her species (Burrows , 195 1), the experi -

men t a l edema disease must be endo t oxic shock . Such is not t he case 

according to Erskine ( 1957) and Gregory (1960) . Intravenously admin-

istered freeze - thaw extracts, prepared from hemolytic Escherichia coli 

cultured from pigs not affected with edema disease , did not result in 

typical edema disease . Further more, Pan ~al . , ( 1962) were unable t o 

produce edema disease with f r eeze - thaw extracts from clinical cases, 

a l though bowe l extracts from t hese same cases did r eproduce edema disease . 

In contras t, Jones and Smi th (1964), using intravenous freeze - thaw 

and ultrasonic disin t egrator extracts, were able to reproduce experimenta l 

edema disease from both "edema " and "non-edema " strains of Escherichia 

coli . Clinical and pathological features of edema disease were not only 

produced by "non - edema " Escher i ch i a coli , but by extracts of other Gram-

negative bacteria . These find i ngs are intuitively correct and would seem 

to place edema disease in the realm of endotoxic shock . 

The study of the pathogenesis of endotoxic shock in swine as r e l ated 

to anaphylaxis (Bux t on and Thomlinson, 1961; Smibert ~al ., 1962; 

Thomlinson and Buxton , 1962, 1963) and toxicity (Chopra and Blackwood, 

1964; Gregory, 1964) should answer some of the questions concernin g the 

pathogenesis of edema disease . In a l l probability both anaphylaxis and 

t oxicity are invol ved in exper i menta l endotoxic shock, but the patho-

genesis of edema disease most like l y does not involve anaphylaxis 

(Andersen , 1965) . 
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The source of endotoxin in edema disease would be t he intestinal 

Gram- negative bacteria. Ravin ~al., (1960) have investigated 

gastrointestinal absorption of endotoxin in rabbits. They found a con-

tinuous but fluctuating absorption of bacterial endotoxin from the 

intestine . 

C. Swine Hematology and Anemia 

The author will refer the reader to recent and complete references 

in porcine hematology (Calhoun and Smith, 1964; Schalm, 1961; and 

Swenson, 1964) . 

Miller et al . , (1961) have reported on swine hematology from birth 

to maturity . Reeder (1964) gave a brief review of the pathogenesis of 

swine anemia due t o iron deficiency . Seamer (1 956 ) had a n excellent re -

view of the incidence, economic importance, etio l ogy, c linical signs , 

hematology, pathology, treatment, and prophylaxis of piglet anemia. 

French and Bussell, (1 963) ; McDonald et al . , (1955); Ullrey et al ., 
~ ~ ~ ~ 

(1959); and Zimmerman et al ., (1959) have investigated various iron 

treatments and the effec t on hematology and growth . 

Bush ~al., (1955) have compared the blood volume in normal and 

a nemic swine . They found the reduction in red blood cel l volume in 

anemic swine was not compensated by a comparable increase in plasma 

volume . Therefore, there is a slightly lower blood volume in anemic swine . 

Puller (1959) and Whitehair (1964) have reported on nutritional 

anemias and Puller elaborated on the relationship of other diseases to 

ma r g inal deficiencies of iron and copper. Cartwright ~al., (1 948, 

1950, 1951) have dealt with niacin, pteroylglutamic acid and vitamin B12 
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deficiencies . Copper deficiency has been investigated by Brooksbank 

(1954); Coulson and Carnes (1963); Gubler et al . , ( 1952); Lahey et al., 
~ ~ ~ ~ 

(1952); and Shields et a l. , (1962) . 
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III . MATERIALS AND METHODS 

A. Procurement and Care of Swine 

The sows were purchased from farmers in the vicinity of Ames . 

They were bought in pairs. The first pair was Hampshire- cr oss sows, 

carrying their second li t ter, and bred to a testing sta t ion Spotted 

Poland boar. Each sow weighed approximately 550 pounds. 

The second pair was Hampshire-cross sows , carrying their first 

litter, and bred to a testing station Poland China boar . Each sow 

weighed approximately 295 pounds. 

The sows were fed the following ration: 

ground corn 

ground oats 

wheat bran 

50% soybean oil meal 

dried whey (70% lactose) 

dicalcium phosphate 

iodized salt 

vitamin premix 

46.5% 

20 . 0% 

5 . 0% 

16 . 5% 

10 . 0% 

1.0% 

0.5% 

0 . 5% 

Ingr edients in the above ration were selected to contain a 

minimal amount of iron. The ration met the nutritiona l requirements 

for gilts a nd sows (National Research Council, 1959 ). Specifically , 

dietary r equiremen ts for crude protein, total digestible nutrient s , 

phosphorus, salt, vitamin A, vitamin D, thiamine, riboflavin, niacin, 

pantothenic acid, and vita min B12 were met . The ration was l acking 
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some calcium. I t contained 0 . 5% calcium, and 0 . 6% was required . 

The vitamin premix was manufactured by Vet -A-Mix, Inc . , Shenandoah , 

I owa . The premix contains the following : 

per pound 

vitamin A U. S . P. units 200 , 000 

vitamin D U. S. P . units 50 , 000 

riboflavin 500 mg 

calcium dl - pantothenate 2 , 400 mg 

niacin 2 , 000 mg 

vitamin Bl2 2 mg 

Sows were fed the ration free choice and water was always available. 

Prior t o parturition , t he sows were placed i n farrowing cra t es . The sows 

were released from the crates twice a day for feed, wate r, and exercise . 

The crates were washed with water twic e a day . 

The first two sows were delivered March 5, 1964 . . The second two 

sows were de l ivered April 24, 1964 . Their pens were located in a semi-

isol ated basement area . Procedures were conducted to prevent intro-

duction of infectious diseases, e . g . , antiseptic foot baths and hand 

wa shing facilities . 

The first sow farrowed April 1, 1964 ; the second April 9, 1964; 

the third May 18 , 1964; and the fourth May 22, 1964 . Pigs were 

number ed by a n ear notching code . Litter s , sexes , and we ight s were as 

follows : 
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Fir st litter 

pig number sex 

1 F 
2 F 
3 F 
4 F 
5 M 
6 M 
7 F 
8 M 
9 M 

10 F 
11 F 
12 F 
13 F 
14 M 

Second litter 

pig number sex 

15 M 
16 F 
17 M 
18 F 

19 M l1 
20 F 
21 F 
22 F li 
23 F 
24 F 

. 

Third litter 
Birth weight 

(pounds) 

25 M 2 . 75 

26 M 3 . 50 

27 F 3 . 25 

28 F 3 . 25 

29 F 2 . 75 
30 F 1.50 



Fourth l itter 

31 
32 
33 
34 
35 
36 

The following pigs died : 

pig number 

2 
3 
7 
8 
9 

13 
14 
19 
24 

28 

apparent cause 

hypoglycemia 
starvation 
hypoglycemia 
hypoglycemia 
hypoglycemia 
laid on by sow 
euthanized 
unknown 
l aid on by sow 

M 
F 
F 
F 
M 
M 

Bir t h weigh t 
(pounds) 

2 . 50 
2 . 50 
2.50 
2.25 
2.75 
2 . 75 

dea t h da t e 

April 4 , 1964 
April 14, 1964 
April 7, 1964 
April 6, 1964 
April 4, 1964 
April 15, 1964 
April 2, 1964 
April 11 , 1964 
April 9, 1964 

Pigs 16, 22, and 23 were inj ec t ed intraperi t oneal l y with a thera -

peutic so lution1 and sterile water for hypoglycemia . ~his solution 

conta ins calcium g luconate , dextrose , magnesium hypophosphite , and d-

amphetamine hydrochloride . Pig 22 received 5 ml of t he solution a nd 5 ml 

of sterile wa ter . Pigs 16 and 23 received 2 . 5 ml of the solution and 

2 . 5 ml of s teril e water . 

The second sow had a rectal t emperature of 106° F on the morning of 

April 9, 1964. She had farrowed prior t o the t aking of the t emperature . 

She was injected intramuscular ly with 11 ml of dihydrostreptomycin 

1Amca l Solution, Diamond Labor atories, Des Mo ines , I owa . 



29 

( 0.25 gm/ml ) both morning and evening , 5 ml of procaine penicillin G 

(300 ,000 units per ml) both morning and evening, and 2 . 5 ml of purified 
1 oxytocic principle , (20 U. S.P. units per ml ) in t he evening . 

On April 10 , 1964, her tempera ture rema ined at 106° F and she was 

anorexic . The dihydrostreptomycin and penicillin were r epeated as 

before . I n the evening she was inj ec ted intramuscular l y wi th 20 ml 

of oxytetracycline HC12 (SO mg per ml) and her uterus was infused with 

tetracycline HCl, neomycin , and dihydrostreptomycin3 and nitrofur ozone4 . 

On Apr il 11, 1964, her temperature was 104.S°F . She was injected 

with oxyte tracycline morning and evening as described before . Her 

uterus was infused in the evening as described before. She drank some 

water. 

On April 12, 1964 , her temperature was 105° F and she was injected 

as before with oxytetracycline . Her cervix was closed . She a t e and 

drank smal l amounts of wa t er. On April 13, 1964, her t empera ture was 

105° in the morning . She r egain ed her appetite and she drank water . 

She was not treated and her evening tempera tu re was 103° F . 

1Purified Oxytocic Principle , Armour - Baldwin Labor a tories , Omaha, 
Nebraska . 

2 Chas . Pfizer and Co . , Inc . , New York City , New York. 

3Polyotic, American Cyanamid Co . , Princeton, New J ersey . 

4Furacin, Eaton Labora tories, Norwich, New York . 
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B. Design of the Experimen t 

lf £ d 1 d . h . d 1 One- ha o the pigs were ran om y injecte wit iron- extran 

at three days of age . Each pig was injected intramuscular ly with 2 ml 

(75 mg of elementa l iron per ml) in a hind leg . Pig s receiving iron 

were 1, 3, 4, 5 , 7, 11, 20, 21 , 22, 23 , 27, 29, 30, 31, 34, and 35 . 

At 1, 2, and 3 week s of age 6 - 10 ml of blood were drawn from the 

anterior vena cava from each pig for hematological examination . 

After t he three-week blood samples were taken, endotoxin was in-

jected into the anterior vena cava of all pigs except one iron -

injected pig and one iron -deficient pig from each litter . 

The following data indicat e dosage of endotoxin and pig weight : 

Pig number Dosage We i ght 
(mg/kg) (kilograms) 

11 control 5 . 8 
4 2 5 . 3 
5 4 4 . 9 
1 6 5 . 9 

12 control 4 . 8 
6 4 2 . 8 

10 6 5 . 0 
20 control 4 . 3 
21 1 5.6 
22 2 3 . 3 
23 4 3 . 1 
15 con tr ol 5 . 7 
16 1 3 . 5 
17 2 2 . 6 
18 4 4 . 8 
30 control 3 .4 
27 4 5 . 0 
29 2 5 . 5 

1 Ferrextran, suppl ied by Fort Dodge Labora tories, Fort Dodge , Iowa . 
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Pig number Dosage Weight 
(mg/kg ) (kilograms) 

25 control 3 . 9 
26 2 5 . 1 
28 4 5 .1 
35 c ontrol 3.2 
31 4 2.6 
34 2 3. 4 
32 control 3 . 9 
33 2 2 . 9 
36 4 3.1 

C. End otoxin Preparation 

The endotoxin used in this investigat ion was prepared by Dr . J ohn R. 

Andersen , Veterinary Diagnostic Labor atory , Coll ege of Veterinary 

Medicine , Iowa State University , Ames, Iowa . Andersen (1965) modified 

a method of Ta ube r and Russe ll (1961) in preparing the e nd otoxin . A 

culture of Escherichia coli sere - group 0138, which was isolated by 

Dr . Pau l C. Benne tt of the Iowa Ve terinary Diagnostic La boratory from 

the intestine of a pig with a clinical case of edema d isease , was 

utilized in t he endo t oxin pre pa r a tion . 

D. Hematology 

The disodium salt of e t hylenediaminetetracetic acid was u sed as an 

anticoagu l an t . The packed c e ll volume was determined by the microhema-

tocrit me thod . Plain capil l ary tubes were employed . Paired samples 

were run for five minutes at 11, 500 r.p . m. The packed cell volume was 

read direct l y by means of a hematocrit capillary tube r eader. The 
1 

hemog l obin de t erminations were made by t he cyanome themog l obin method . 

1Me thod described i n pamphlet (revised , 1962) from Hycel Inc. , 
Houston , Texas . 
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The Wintrobe hematocrit tube was used to d e termine the s edimentation 

rate of erythrocytes. Millimeters of sedimentation were recorded at 

0 . 25, 0.5, 1 , and 2 hours. 

Enumera t ion of erythrocytes a nd leukocytes was accomplished using 

+ pipettes with - 1% accuracy and a Neubauer Bright Line counting chamber . 

Hayem's solution was used for erythrocyte enumeration and 0 . 1 N HCl for 

leukocyte enumeration . The leukocyte count was corrected by the follow-

ing formula : 

100 leukocytes 
100 l eukocytes +no. of nucleated erythrocytes 

X uncorrected l eukocyte count/cu mm blood = corrected 
l eukocyte count 

One count was made per sample . For the differential leukocyte count, 

100 cells were counted . . 1 A blood stain was used . The number of nucleated 

erythrocytes encountered whil e making a differential count of 100 leuko-

cytes in the s t ained blood film was recorded. 

The mean corpuscular volume (cubic microns) was calculated by 

multiplying the packed cell volume by 107 and dividing by the erythrocyte 

count . The mean corpus cular hemoglobin (micromicrog rams) was calculated 

by multiplying the grams of hemog l obin by 107 micromicrograms and 

dividing by the erythrocyte count . The mean corpuscular hemog lobin con-

centra tion (per cent) was cal culated by dividing the g r a ms of hemoglobin 

1 Tetrachrome, Hartman-Leddon Co . , Philadelphia, Pennsylvania . 
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in 100 ml of blood by the packed cell volume and multiplying the 

quotient by 100. 

Sodium and potassium we r e determined by using a Baird -Atomic flame 

1 photometer mode l KY - 2 . The blood serum mode was employed as directed 

in th e instruction manua l revised October 25 , 1963 . The blood was 

drawn and the serum s t ored in utensils rinsed in ion free wa t er . The 

ion free water was obtained by filtering distilled water through an 

exchange column filled with Amberlite MB -1. 2 Sodium and pota ssium 

standard and the lithium internal standard were purchased f r om Baird -

atomic Inc . , 1 Cambridge , Massachusetts. All solutions were stored in 

polyethylene containers . The serum was frozen in capped polyethylene 

culture tubes. Hemolysis was avoided when the serum was taken from t he 

c l otted samples . Five hundredth ml of serum was utilized for the electro-

lyte analysis . Electroly t e determinations were made i n duplicate . 

E. Necropsy and Histopathological Procedures 

The necropsy was conducted after death and gross lesions w~re 

recorded . Portions from the brain, gastrointestinal tract, l iver , 

kidneys, adrenals , thymus, l ymph nodes, and lungs were fixed in 10% 

buffered forma lin solu t ion . They were dehydrated in ethyl alcohol, 

cleared in xy l e ne, a nd embedd ed in paraffin. The sec tions were cut a t 

6 or 7 micron s a nd stained with De l afield ' s hematoxylin a nd ethyleosin. 

1Baird-Atomic I nc ., Cambridge, Massachusetts . 

2Fisher Scientific Co ., Fair Lawn, New Jersey. 
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F. Statistical Analysis 

The sta tist ical analysis consisted of a multiple regr ession and 

analysis of variance . The calculations included 17 variables . They 

were litters (3), treatments (3), packed cell volume, hemoglobin , 

sediment a t ion r ate, red and white blood cell counts, nuc l eated red blood 

cell counts, Wintrobe ery t hrocytic indexes (3), sodium and potassium . 

The data analyzed appears in Appendix A. Significance was determined 

by the F-test . Significance of variation due to litters (1 - 3 weeks of 

age), iron, end otoxin , and iron by endo t oxin was t ested . No sta tistical 

analysis was made for the 24 hour and 120 hour data because of the small 

number of surviving pigs. Means recorded and shown on the graphs 

(Appendix B) and in Tables 1 - 11 are corrected for varia t ion due t o 

litters . Statistical analysis of the sedimentation rate employed data 

from the 1 hour observations . The significance of the effect of 

hemolysis on serum Na and K was determined by use of Student ' s 

t - test using the data of serum samples collected prior to injection of 

endotoxin. Blood sampl es marked with an H in the t ables (Appendix A) 

were hemolized. 

Th e variance ratio was declared significant a t th e 0 . 01 and 0 . 005 

probability l eve l s for bo t h differences and interaction . Student ' s 

t-tes t was declared significant at 0.05 probability on a t wo tai l ed 

test . 
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IV. RESULTS AND DISCUSSION 

A. Tota l Erythrocyte Number 

Table 1. 6 Means of total erythrocytes per cu mm of blood (10 ) from 
four t rea t ed groups of pigs 

Treatments 

Fe-injected Fe-deficient Standard 
Age Fe- injected Fe -def icien t & endotoxin & endotoxin error 

1 wk . 3. 49 3.19 0 . 42 
2 wk . 3. 85 3 . 05 0 . 52 
3 wk . 3. 91 2 . 75 0.41 
Pos tinj ec tion time 

1 hr . 3 . 20 2 . 64 3.06 2 . 26 0.25 
5 hr . 3.38 2 .5 0 3 . 44 2.80 0 . 32 

24 hr . 4.39 3 . 67 
120 hr . 3 . 72 3 . 22 

The erythrocyte counts (Table 1) a r e below the ranges reported by 

Calhoun and Smith (1964) . The values are a l so below t he r anges repor t ed 

by Schalm (1961), but in 9 Duroc -Jersey pigs at 10 days af ter birth on 

concrete, Schalm (1 961) r eports one erythrocyte count of 2 .1 mill ion/cu mm . 

Talbot and Swenson (1963 ) also r e port higher mean count va lues tha n the 

results of this investigation . The va lues i n the table a bove come 

closes t t o the values repor t ed by Doyle et al ., (1 927) from an anemic 

farm herd . The iron-injected pigs have lower counts than iron - injected 

pig s cited by Miller ct a l., ( 1961) at 1 and 3 weeks of age . Schalm 

(1961) points ou t that an experienced technician wil l show little variation , 

but that variation among technicians can be significant . 
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The litter differences for erythrocyte counts were significan t 

(1 . 0% level) for weeks 1, 2, and 3 . With the exception of the first 

week there exis ts significant differences between iron- injected and 

iron -deficien t groups throughout the experiment. Endotoxin caused a 

significant drop (Figure 1) in both iron - injec t ed a nd iron-deficient 

groups in the 1-hour samples . Packed cell volume (PCV) and hemoglobin 

show a nonsignificant drop at 1 hour for the iron- injected group , but 

a nonsignifican t rise in the iron -deficient pigs. At 5 hours the 

erythrocy te count fails to show a significant ri se when the PCV and 

hemoglobin values show a significant rise . An increase in cell volume 

c ould account for the increase in PCV, but not the increased hemoglobin . 

I ncreased hemoglobin might be accounted for by hemolysis due t o endo-

t oxin . These data indicate a l ack of full correlation of t he e r y t hrocyte 

counts with PCV and hemoglobin values. This lack of agreement is at -

t ributed to the inherent variation in total erythrocyte counts. 

Techniques used for the counts were routine and no technical r eason 

for low coun t s can be ascertained . Swenson e t a l., ( 1955 ) have shown 

that the sow 's ration during ges tation affects the erythrocyte counts . 

Because these sows were for sale during the gesta tion period, it is 

possible that their ration did not meet dietary requirements prior to 

their purchase . Une qual distribution of ery throcytes in l arge and 

small vessels would account for a difference in t otal erythrocy te counts 

among pigs bled a t different si tes. In most of the references ci t ed 

t he anterior vena cave was the vessel from which blood was drawn . 
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Although no statistical analysis was made, it is worth observing 

that at 24 hours, when the PCV and hemoglobin decreased, the erythrocyte 

count also decreased . 

B. Hemoglobin 

Tabl e 2. Means of hemoglobin values (gm/100 ml) of blood from four 
treated groups of pigs 

Treatments 
Fe -injec ted Fe -deficient Standard 

Age Fe- injected Fe-deficient & endotoxin & endotoxin error 

1 wk. 10.0 8.2 1.1 
2 wk. 11 .4 6.5 1.1 
3 wk. 11. 0 5.5 1.1 
Postinjection time 
1 hr. 10 . 9 5 . 2 10.7 5.4 1.1 
5 hr. 11.0 5.3 11. 8 5.9 0.7 
24 hr . 11.6 10 .4 
120 hr . 9.5 10.0 

The hemoglobin values (Table 2) extended beyond the maximum and 

minimum values cited by Schalm (1961). Hemoglobin values in th is investi-

gation followed the pattern out lined in Calhoun and Smith's (1964) review . 

The values also compare favorably with Talbot and Swenson (1963), with the 

iron-injected pigs somewhat higher and the iron-deficien t pigs somewhat 

lower . The iron- injected pigs compare favorably with hemoglobin values 

cited by Miller~ al ., (1961) . 

The statistical analysis yielded a signi ficant difference (Figure 2) 

between the iron-injected pigs and t he iron-def icient pigs throughout the 

expe riment. The 5- hour postinjection samples showed a significant rise 
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in hemoglobin due to endotoxin . The changes in hemoglobin values are 

also r eflected in t he PCV (Tab l e 3) . The litter differences fo r 

hemoglobin values were significant (1 . 0% level) during t he 3 week 

period prior t o endotoxin inj ection . 

C. Packed Cel l Volume 

Table 3 . Means of packed cell volumes (%) f r om four trea t ed groups of 
pigs 

Tr eatmen t s 

Fe -injected Fe -deficient Standard 
Age Fe -injected Fe - deficient & endotoxin & endotoxin error 

1 wk . 35 . 0 28 . 0 3 . 3 
2 wk . 38.5 23.5 3 . 1 
3 wk . 37 . 0 22.5 3 . 5 
Pos tinjection t ime 

1 hr . 35 . 5 20 . 5 35 . 0 22 . 5 3 . 1 
5 hr . 36.0 20 . 0 39 . 2 22 . 6 1. 7 

24 hr . 37 . 0 36 .0 
120 hr . 32 . 0 32 . 0 

Mean packed ce l l volumes (Tab l e 3) exceeded t hose cited by Schalm 

(1961). He cited a mean of 26 . 7 at 6 days after birth in Duroc - J ersey 

pigs on concre t e . The mean was derived from a litt er of 9 pigs which 

were not injected with iron . It is not va lid to compare values in t his 

case due t o breed diffe r ences and the smal l number of pigs involved. 

Comparison of the experimenta l PCV values to values found in the literature, 

as summarized by Ca l houn (1964), shows the experimenta l values to be i n 

the physiological r ange. The experimental values are just over the 

va lues cited by Miller~ al., ( 1961) for the ir on - injected pigs . 
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The exper i mental values are higher than those repor t ed by Talbot and 

Swenson (1963). 

The statistical analysis yielded a significant difference between 

the iron-injected and iron-deficient pigs throughout the experiment . 

The 5- hour postinjection samples showed a significant hemoconcentration 

due to endo t oxin (Figure 3) . The litter differences were significant 

(1.0% level) for weeks 1, 2, and 3. 

Evidently, swine is a species which shows hemoconcentration during 

endotoxic shock . The experiment gives no indication as to whether t his 

is due to plasma loss or splenic contraction. Splenectomized pigs would 

lend themselves to solving this ambiguity. Hemoconcentration in dogs 

occurs dur i ng the f i rst hour of endotoxic shock (Chien et a l., 1964) . 

It appears to occur later in swine (Davis and Simbert, 1963). 

No explanation can be given for t he generally higher PCV values 

during this study . The 5- minute centrifugation at 11,500 r.p.m . will 

trap a minimum of plasma and is routine (Schalm, 1961) . The disodium 

salt of ethylenediaminetetracetic acid was used in place of oxalate, 

but probably this would make little difference (Schalm, 1961). 
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D. Mean Corpuscu l ar Volume 

Table 4 . Means of the mean corpuscular volumes (cubic microns) of 
erythr ocytes from four groups of pigs 

Trea t ments 

Fe- injected Fe -deficient Standar d 
Age Fe - injec t ed Fe-deficien t & endotoxin & endotoxin error 

1 wk . 102 . 0 88 .4 11. 5 
2 wk . 100 . 9 80 . 0 9 . 6 
3 wk . 96 . 8 83 . 8 9 . 8 
Pos t injection t ime 

1 hr. 111. 4 89 . 1 114 . 3 99 . l 9 . 8 
5 hr . 106 . 0 80 .4 114 . 9 80 .4 8 . 8 

24 hr . 85.4 96 . 2 
120 hr . 84 . 7 98 . 5 

Due to the l ow t otal erythrocyte counts the mean corpuscular volume 

(MCV) values a r e much higher (Table 4 ) than those reported by Miller et ~·, 

(1961); Schalm (1961) ; Talbot and Swenson (1963); and U.llrey ~al., 

(1959 ). 

The grea t e r drop at 1 hour i n erythrocyte counts in the iron -deficient 

plus endotoxin group (Figure 1) r esults in a significant interaction . 

That i s to say, t he iron-deficien t plus endotoxin pigs showed greater rise 

in MCV than the iron-injected p l us endotoxin pigs (Figure 4). This may 

be due t o the up t ake of fluid by t he erythrocytes which correlates wi th 

the nonsignificant rise in PCV, but an intake of fluid does not expl ain 

the nonsignificant rise in hemog l obin . Variation due to l itters was 

significant at weeks 1 and 2 ( 5 . 0% level) and week 3 (1 . 0% level) . 
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The s i gnifican t difference in MCV throughout the experiment between 

iron- injec t ed and iron-deficient pigs agrees with previous statements 

of Schalm (1 961 ) , Seamer (1 956 ) , Talbot and Swenson (1963), and 

Whitehair (1964) in that t he iron-deficient pigs show a smal l er mean 

corpuscular volume, but is , relatively speaking, in contrast to the 

above inves tigators because all the pigs have macrocytic ery t hrocytes . 

This is due , for the most part, to the l ow red blood cell counts. 

Schalm (1961) defines micr ocytoc is as a MCV more than t wo standard de -

viations below the norma l mean , in this case iron- injected swine, as 

determined by t he same method on the blood samples of healthy animals 

of the same species . Thus , with the exception of the firs t and t hird 

weeks , there exists a mic r ocytosis . 

E . Mean Corpuscular Hemog lobin 

Table 5. Means of the mean corpuscular hemoglobin values (micromicrogr ams ) 
of erythrocytes f rom four treated groups of pigs 

Treatments 
Fe - inj ected Fe - def i c i en t Standar d 

Age Fe - injected Fe -deficient & endotoxin & endotoxin error 

1 wk. 29.2 26.5 3.6 
2 wk . 29 . 9 22.2 2.4 
3 wk . 28 . 4 20 . 5 2.2 
Postinjecti on time 

1 hr . 34.3 19 . 2 34.7 24 . l 3.0 
5 hr . 32 .4 21. 0 34.3 20.4 2 . 9 

24 hr. 26.6 28.3 
120 hr . 25. 6 30 . 6 
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Due to l ow total erythrocyte counts the mean corpuscular 

hemoglobin (MCH) values (Table 5) are higher than t hose reported by 

Miller~ al . , (1961) , Schalm (1961), and Talbot and Swenson (1963). 

With the exception of the first week th e MCH differed significantly 

(Figure 5) when iron-inj ected and iron-deficient pigs were compared . 

Endotoxin showed no significan t effect . This is intuitively correct . 

The 1- hour postendotoxin injection blood samples from the endotoxin 

injected pigs reflect the significant decrease in erythrocytes by a 

nonsignificant rise in MCH (Figure 5) . MCH fluctuations due to endo -

toxin might occur if hemolysis ( Spink, 1962) lowered t he erythrocyte 

number and the hemoglobin remained constant. Litter differences in 

MCH values were significant (1. 0% leve l) in the second and third week. 

F. Mean Corpuscular Hemog l obin Con t ent 

Table 6 . Means of the mean corpuscular hemoglobin content (%) of 
erythrocytes from four treated groups of pigs 

Treatments 

Fe- injected Fe -deficient Standard 
A~e Fe-injected Fe-deficient & endotoxin & endotoxin error 

1 wk . 29 . 3 29 . 4 2 . 0 
2 wk . 29 . 6 27 . 8 1. 9 
3 wk . 29 .4 24 . 6 2 . 5 
Po s tinj ection 

1 hr . 30 . 8 25.2 30 . 3 24 . 8 2.8 
5 hr . 30 . 5 26 .2 29 . 9 25 . 5 1. 4 

24 hr . 31.2 29 . 3 
120 hr . 30.2 31.0 
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With t he exc eption of t he first week t here was a significan t 

difference (Figure 6) be tween iron- injected and iron-deficient pigs 

throughout t he experiment (Table 6) . Endotoxin had no effect on mean 

corpuscu lar hemoglobin content (MCHC ). 

Hypochromic anemia exists when a MCHC and usually a MCH fal l more 

t han two s t andard deviations below t he mean normal determined by t he 

same me t hod on bl ood of healthy animals (Scha l m, 1961). I f the iron -

in jected pigs ser ve as t he nor ma ls, hypochromic anemia exis ts in the 

c on trols at 1 and 5 hours postinj ection , with the 3 -week samples on the 

borderline. 

Previous literature ( Schalm, 1961 ; Seamer, 1956; Whitehair , 1964) 

reports iron-deficiency anemia as hypochromic. Ta lbot and Swenson 

( 1963 ) r eported a normochromic iron-defic i ency anemi a in pigs up t o 8 

weeks of age . Ullrey ~al . , (1959) , utilizing data from hematology 

r ecorded f r om birth t o 5 weeks , recorded a significant di fference (5 . 0% 

leve l) in MCHC between i ron -deficient and iron-injec t ed pigs only at 17 

days of age . The standard deviations were not given. It seems tha t iron-

deficiency anemia can be hypochromic or normochromic depending upon the 

circumstances . 
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G. Tota l Leukocyte Number 

Table 7 . 3 Means of total leukocytes per cu mm of blood (10 ) from 
four treated groups of pigs 

Trea tments 

Fe - injected Fe -deficient Standard 
Age Fe - i n jec t ed Fe- deficient & endotoxin & endotoxin error 

1 wk . 7. 5 7 . 9 3 . 0 
2 wk . 10 . 3 8 . 0 2. 9 
3 wk . 8 .2 6 . 2 2 . 1 
Postinjection time 

1 hr . 7 .9 5 . 0 2 . 2 1. 6 1. 8 
5 hr . 8 . 9 5 . 4 1. 7 1. 0 1. 2 

24 hr . 8 . 8 13 . 5 
120 hr . 7 . 8 7 . 2 

A s i gnif ica nt diffe r ence (F igure 7) be tween iron- in j ected and iron-

deficient p igs existed at the second and third week in total leukocy t e 

per cu mm of b l ood (Table 7) . The literature varies as to whether a 

slight leukopenia should accompany iron -deficiency anemia (Seamer, 1956) . 

Ul l r ey ~al., ( 1959) reported no significant dif f erences the fi r st 5 

weeks of age . The failure to report a significant difference is probably 

because the leukocyte counts were not corrected for nucleated erythrocytes . 

At one week neutrophi l s outnumbered l ymphocytes . This pictur e was 

reversed t he second a nd third week (Figure 8). This is the same 

leukocyte pictur e described by Schalm (1961) . 

Endotoxin caused a significant drop in leukocytes at 1 and 5 hours 

postendotoxin i njection . Some of t he cells are driven into the tissues, 

for examp l e the eosinophils , and some are destroyed . Evidence of 
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destruction i s given by the increased serum l ysozyme levels after endo-

toxin injection (Andersen , 1965 ). The increase in inunature l eukocytes 

gives further ev i dence of l eukocyte destruc tion . At 24 hours the iron 

plu s endotoxin injected pigs reboun ded and displayed a l eukocytosis . 

This was r eported by Davis and Smibert (1963). The 24 hour l eukocytosis 

was primarily neutrophils . This agrees with Herion e t a l., (1965) who 

account for t he increased n eutrophi l s by the movement of these cells 

out of t he marrow. 

Endot oxin caused a gener a l l eukopenia with the majority of 

circulating l eukocytes being lymphocytes . This is different than the 

picture during experimental stre ss as produced by Luke (1953). 

Adrenocorticotrophic hormone and ad r enal cortical extract inj ec t ed into 

normal pigs caused a marked decrease in lymphocytes and an increase in 

n eu trophils . At the same time t here was a sharp increase in the total 

WBC count . These changes we r e a pparen t within 2 hours pos t injection . 

At 24 hours neutrophils dominated the picture in endotoxin-

inj ected and control pigs (Figur e 8) . Litte r differences were significant 

(1. 0% level ) on l y for the first week. 
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H. Nuc l ea t ed Red Blood Ce lls 

Table 8 . Means of nucleated red blood cells per 100 leukocy t es in the 
blood of four treated gr oups of pigs 

Age Fe - injec t ed 

1 wk . 41 
2 wk. 6 
3 wk . 1 
Postinjection t ime 

1 hr . 7 
5 hr. 1 

24 hr . 3 
120 hr. 4 

Treatment s 
Fe - injected 

Fe -deficient & endotoxin 

43 
23 
24 

45 32 
28 41 

18 
2 

Fe-deficien t Standard 
& endotoxin error 

53 
13 
14 

256 115 
364 107 

Af t er the first week, diffe r ences i n nuclea ted red blood cel l s be -

t ween iron- injected and iron-deficient pigs were signi f icant (Table 8) . 

Endotoxin significantly r aised the numbe r of nucleated erythrocytes in 

iron- injected and iron-deficien t pigs at 1 hour postendotoxin injection. 

At 5 hours after endotoxin injection the iron-deficient plus endotoxin 

pigs showed a significantly greater rise tha n the ir on - injected plus 

endotoxin pigs (Figure 9). The rise i n nucleated erthrocytes af t er 

endotoxin cou ld be expec t ed . Braude (1964) r e por t s a rise i n the i m-

mature red cells in exper imenta l animals af t e r endotoxin injection . In 

th is s tudy, l i tter diffe r ences were no t significant. 

Ullr ey ~ al . , ( 1959) made no mention of nuclea t ed r ed bl ood ce ll s 

a nd evidently did not correct their white blood cell counts . Doy l e, 

~ a l . , (192 7) fe lt that nuc l eated red blood c e lls were not especia lly 

numerous in anemic pigs . Pe rhaps the lack of diffe r ence in leukocyte 
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coun t s between iron - injected and iron-deficient pigs, in the 

literature, is due to uncorrected leukocyte counts . Swenson , ~al., 

(1955 ) showed statistical l y that materna l rations affected the number 

of nucleated erythrocytes . 

The increase in nucleated erythrocytes in anemic pigs is probably 

due t o t heir r elease from hemopoietic foci . Contracti on of the spleen 

probably pl ays a part . Again , splenectomies would he l p answer this 

question . 

No reticulocyte counts were made in this study . Ullrey ~al . , 

(1959 ) found no significant reticulocyte count differences between iron-

injected and iron-deficient pigs . Drs . Talbot and Swenson , Department 

of Physiology and Pharmacology, Col l ege of Veterinary Medicine, I owa 

State University of Science and Technol ogy , in a private cormnunication 

on July 7, 1965, found that iron-injec t ed pigs had a significantly 

(0.1% l evel ) higher number of ret i culocytes a t 1 week of age when com-

pared with pigs not injected with iron . At 2 and 3 weeks the iron -

i n jected pigs had lower reticulocyte counts . The counts were not 

significant l y l ower . 

Reticulocytes and nucleated erythrocytes are very prominent in 

young swine (Schalm, 1961). The relationship between these immature 

erythrocytes in swine should be investigated . Both methods of count -

ing (number per 100 white blood cells and number per 1,000 mature red 

blood cells) should be empl oyed . 

I : 
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I. Sedimentation Rate 

Tab l e 9 . Means of erythrocyte sedimentation rate i n mm per hour of 
four treated gr oups of p igs 

Treatments 

Fe - injected Fe -deficient Standa r d 
Age Fe -inj ected Fe -deficien t & endotoxin & endotoxin e rr or 

1 wk . 0 3 1 
2 wk . 1 14 5 
3 wk . 2 16 7 
Postinjec tion time 

1 hr . 2 20 2 15 8 
5 hr . 1 14 1 10 6 

24 hr. 1 27 
120 hr . 2 9 

There exists a significant difference throughou t the experiment be -

tween iron - injected and iron-deficient pigs (Table 9) . Endotoxin had no 

significant effect (Figure 10) . However, a t t he 24 hour postendo t oxin 

injection sampling the iron - injected plus endotoxi n gr oup d i splayed a 

large increase in sedimentation rate . This has been reported by Davis 

and Smibert ( 1963) . The litter differences were significant (1. 0% level) 

at week 1 and 3 . 

The sedimentation rate of ery throcy t es in t heir own plasma is de -

pendent upon t he size of the c e ll aggregates and th e number of e r y t hro-

cytes (Scha lm, 1961) . Decreased total erythrocy t es wou l d tend to increase 

the sedimenta tion rate. Microcytosis wou ld t end to decrease the sedi -

mentation r a t e . So, the smaller cells are not grea tly influencing sedi -

mentation rat e , but t he decreased ery t hrocyte number (Table 1) of iron -
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deficient pigs may account for t he increased sedimentation rate . As 

anemia progresses , plasma protein concentration i s decreased and the 

r educed blood visco s ity (Schalm, 1961) may a l so account for the increased 

sedimentation rate . 

J . Serum Potassium 

Tab l e 10. Means of serum potassium in mEq/L from four treated groups 
of pigs 

Treatments 

Fe - injected Fe -deficient St andard 
Age Fe - injected Fe- deficient & endotoxin & endotoxin error 

1 wk . 7 .4 6.1 1. 0 
2 wk . 6.2 6 . 3 0.8 
3 wk . 8.6 7.5 0.6 
Post inj ect i on time 

15 mi n . 8.7 8 .0 8 . 6 6. 8 0 . 6 
1 hr. 8 . 7 7.2 7.3 6 . 2 0 . 7 
5 hr. 8.4 7 . 7 8.9 7 .4 0 . 8 
8 hr . 8.6 7.2 10. 6 8.3 1. 7 

24 hr. 6 . 0 7. 2 
120 hr . 9 . 2 8 .1 

With the exception of t he second week, t here exists a significant 

difference between iron-injected p igs and i r on-deficient pigs (Figure 12) 

with t he iron-deficient pigs displaying a hypokalemia in the experiment 

(Table 10). Variation due to litters was not significant . 

Endotoxin s i gnificantly affected the iron -deficient pigs at 15 

minutes af ter injection. At 1 hour af t er injec t ion endotoxin caused a 

significant hypokalemia in iron-injected pigs and iron-deficient pigs. 
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At 8 hours af ter endotoxin injection the endotoxin - injec t ed pigs 

displayed a significant over compensation (hyperka lemia) . 

The serum potassium l evels are considerably higher than those 

reported in the plasma of 6 pregnant sows and 12 fetal pigs by 

Currunings and Kaiser (1959). Their r ange was 4 . 0- 4 . 7 mEq/L for the means 

and 2 . 6-5 . 2 for t he individual observations . Widdowson and McCance 

(1 956) reported means of 17 . 5 for fetal pigs, 8 . 6 for newborn pigs, and 

6 . 0 for adult swine . Both references used flame photometry . Cummings 

and Kaise r (1 959) used heparin for plasma determinations, while Widdowson 

and McCance ( 1956) used serum . 

The hypokalemia of iron -deficient pigs could be explained if plasma 

volumes made up for the decrease in RBC ' s . Such is not the case accord-

ing to Bush~ al . , (1 955 ). 

Corre lating with symptoms , the hypokalemia after endotoxin is 

probably due to vomition . No reason can be given for the greater effect 

of endotoxin on the iron-deficient pigs . With the hypokalemia one can 

expec t less a l dosterone production (Davis, 1963 ; Gann.£.!:.. al ., 1962 ) . One 

must keep in mind that the kidneys are probabl y non- functional during the 

potassium f l uctuation (Gillenwater~ al . , 1963). In addition, the pig 

probably has a low degree of pituitary-adrenal response (Link , 1953) 

and the e l ectrolyte fluctuations seen in the above data are probably 

better explained by some other means, e .g . , f luid transfer . 

Because hemolysis was noted in many samples, a statistical analysis 

was made t o ascertain its effec t upon the elec trolyte content . No 

attempt was made to find the degree of hemolysis . Hemolysis was noted 
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in samples other than those receiving endotoxin; therefore the hemolysis 

was not solely t he resu lt of endo t oxin. In addition the serum potassium 

dropped in endotoxin samp l es which is the reverse of effec t s expec t ed 

due to hemolysis . Statistical results showed no significance due to 

hemolysis during the first 3 weeks. Perhaps t he pig has a l ow potassium 

content in the erythrocyte as is the case in other animals (Bers t ein, 

1954; Hendricks , 1964; Meier , 1963) . No particular reason for t he 

hemolysis can be given other t han t echnique . Pigs have relatively non-

f r agile erythrocytes, espc i a lly young pigs (Perk e t al. , 1964). 

K. Serum Sodium 

Table 11. Means of serum sodium in mEq/L from four treated groups of 
pigs 

Treatments 

Fe - injected Fe-deficient Standard 
Age Fe-injected Fe -deficient & endotoxin & endot oxin error 

1 wk. 141 . 2 142 . 5 3 . 5 
2 wk. 14 1 . 7 140. 7 4 .0 
3 wk . 143 .4 141.2 6 . 3 
Pos t injec t ion time 

15 min . 147.0 148 . 0 138.0 142 . 0 4.4 
l hr . 147 . 0 146.0 145.0 145.0 3.7 
5 hr. 13 9 . 7 143 . 5 144 .0 139 .2 5 . 8 
8 hr . 140 . 5 142 . 5 140.3 140 . 2 3 .7 

24 hr . 143 .5 145.0 
120 hr . 143 .o 139 . 0 

Variation due to litters was significan t (1.0% l evel) only for week 

3 . Ir on injections did not affect serum sodium (Table 11). Endotoxin 
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injec tion caused a hyponatremia at 15 minutes postinjection (Figure 11 ) . 

Meier (1963 ) includes a l oss of sodium into the tissues as a sign of 

shock and this could account for the hyponatremia as wel l as the con-

cur r ent vomition. Because a hypokalemia also occurred at the same time , 

vomi tion is t he probable cause of the hyponatremia . 

Hemolysis had no significant effect on serum sodium during the firs t 

t hree weeks. Sign ificance was tested by use of Student ' s t - t es t . 

Cummings and Kaiser (1959) r epor t ed a range of 139 . 1-148 . l mEq/L in 

the plasma of 6 pregnant sows and 12 fetal pigs . They found that the 

sodium t o potassium r atio was about e qua l in the sow and fetus . Widdowson 

and Mccanc e (1956), in contrast, found a fal l in serum potassium and a 

possible rise in sodium as the swine grew older . For the newborn pig 

they repor t ed a r ange of 132 t o 149 mEq/L with a mean o f 141 mEq/L . The 

data were taken f r om 11 newborn pigs from different lit t ers . 

I t would be interesting to know t he adrena l re sponse to t he low serum 

sodium at 15 minutes postinjection . Norma lly hyponatremia stimula t es 

aldosterone production (Dav is, 1963a) . Also hyperkalemia stimulates 

aldos t e r one (Davis, 1963a). In this inves tigation a hyponatremia occurred 

at about the same time as hypokalemia . The affect this had on aldosterone 

secret i on is open to conjecture . Even if a ldoster one is secreted , it 

would be specula tive as t o its action, because , the kidney is relative ly 

inac tive (Gillenwater , 1963 ) . Til e measurement of plasma renin might give 

some clue as to the aldosterone activity during endotoxic shock (Binnion, 

1965). Kalant (1962) using experimental nephrosis in rats showed that 

edema need not be associated with hyperaldosterone secre t ion , but can be 

due t o decreased ability of t he kidney to secrete sodium . 
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When the decrease in electrolytes is compared with the ranges of serum 

elec tro l y tes in normal swine (Appendix A), it does not seem t hat th e 

electrolyte decreases caused an edematous condition . Widdowson and McCance 

(1956) reported a range of 135-152 mEq/L for sodium in healthy adult 

swine . Both hypernatremia and hyponatremia may be associated with a 

variety of states of hydration (Bland, 1963). 

L. Clinica l Symptoms of Endotoxic Shock 

The iron- injected control pigs were normal throughout the experiment . 

The iron-deficient control pigs were normal except for signs of anemia. 

Their mucous membranes were pale and they tired easily . 

Table 12. Symptoms and time of symptoms during endotoxic shock in pigs 

Vomiting Temperature Time of 
Pig no . (minutes ) Diarrhea (rectal) death 

Iron- injected 
4 12 1 hr . survived 
5 10 1 hr . 8 hr . 
1 10 1 hr . 18 hr . 

21 15 1 hr . 104° F 30 min . 30 hr . 
22 20 50 min . 100°F 30 min . survived 
23 10 1 hr . 102° F 30 min. survived l 29 7 none 101° F 1 hr . 3 hr . 
27 8 none 104° F 1 hr . 3 hr . 
34 6 1 hr . 8 hr . 
31 14 1 hr . 14 hr . 

Iron-deficien t 
6 8 1 hr. 9 hr . 

10 15 1 hr . 9 hr . 
16 10 50 min. 101°F 30 mi n . 4 hr . 
17 15 1 hr. 102° F 30 min . 4 hr . 
18 15 1 hr . 103° F 30 min . 4 hr. 
26 8 none 50 min . 
28 8 none 102° F 1 hr . 1. 5 hr . 
33 7 1 hr. 100° F 6 hr . 6 . 5 hr . 
36 8 1 hr . 10 hr . ~ 

l 
1 
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Pig 34 died during the bleeding procedure at 8 hours postinjection 

and death was attributed t o hemorrhage into the lungs . The first sign of 

endotoxin toxicity, observed just prior to vomiting, was fr equen t clamp-

ing of t he jaws accompanied by salivation . Intermi tten t vomition con-

tinued for as long as 30 minutes . The pigs developed incoordination and 

within an hour many were recumbent and unable t o rise . At about 1 hour 

t he respira t ory rate increased markedly and dyspnea was observed . 

Diarrhea occurred in most of the pigs. At approximately 3 hours , many 

of the p igs that eventually died appeared to make a par tia l recove r y, 

but they soon pa ssed into a phase of shallow respiration and paddling 

motions . The extremities of such pigs were cold . Pigs which recovered 

appeared normal after about 24 hour s . No correlations of dosage and 

symptoms were determined . 

M. Necropsy and Histopathology 

Routine necr opsy procedures revea l ed the gross lesions described 

below . 

Of the iron - injected pigs, pig 1 had edematous lungs , a small area 

of hyperemia and edema on the stomach wal l in the cardiac r egion , and 

mild edema of the ga ll bladder . Pig 5 had edematous lungs, f luid in the 

thoracic cavity , and an area of edema and hemorrhage 2 cm in diameter in 

the cardiac stomach, edema of the gall bladder, swollen and hyperemic 

mesenteric lymph nod es , and the colon was hyperemic . Pig 21 had only a 

mild enteritis . Pig 27 had edema tou s lungs, excess pericardial and 

t horacic f l uid, an area of edema and hemorrhage in the cardiac stomach, 

some edema of the ga ll bladder, edema t ous and hyperemic mesenteric l ymph 



55 

nodes, and the pig had a mi l d enteritis . Pig 29 had edemat ous l ungs , a 

mild hyper emia in the cardiac stomach, an edematous gall bladder, 

edematous and hyperemic mesenteric l ymph nodes, an enlarged sp leen , and 

the kidneys showed some hemorrhage on the surface . Pig 31 had a mild 

edema of t he l ungs , a mild edema of the gal l bladder, hyperemi c lymph 

nodes, and a severe enteritis . Pig 34 had a mild edema of t he gall 

bladder and a mild hyperemia of the mesenteric l ymph nodes . 

Of the iron -deficien t pigs , pig 6 had edema of the l ungs , an 

edematous area i n the cardiac stomach 2 cm in diame t er, edema of t he ga ll 

bladder, enteritis, and hemorrhagic spots on the colon . Pig 10 had 

edematous l ungs, edema of t he gal l bladder, and an ent eri t is. Pig 16 

had some edema of the l ungs , edema of the ga l l bladder , a hemorrhagic 

and edema t ous area i n th e stomach wa ll, en t eri t is, a few hemorrhagic foci 

on the colon, and t he ant erior portion of both kidneys were hemorrhagic. 

Pig 17 had edematous l ungs, excess pleural fluid, a hemorr hagic edematous 

area in the stomach wal l , edema of the gall bladder and enteritis . · Pig 18 

had edematous l ungs, excess pleural and pericardial fluid, a mild edema 

of t he stomach wall, and edema of the ga l l b ladder . Pig 26 was quite 

anemic and had hemorrhages in the lung, a mild hyperemic area of the 

stomach wal l , and excess fluid around the br ain . Pig 28 had edematous 

l ungs wi t h some hemorrhage and edema of t he gal l b l adder . Pig 33 had 

some i n ter l obular edema of the lungs, a great excess of fluid in the 

thoracic cavity, an enlarged heart probably due to the effects of anemia, 

a mild edema of the gal l bladder, hyperemic mesenteric lymph nodes and 

I I 

I 
I 
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enteritis . Pig 36 was quite anemic and had edema of the lungs , mild 

edema of the ga l l bladder, edematous mesenteric lymph nodes, and an 

enteritis. 

Controls from litter four were euthanized wi t h electricity . Pig 35 

was an iron-injected contr ol and had no gross lesions . Pig 32 was an 

iron -deficient control and had an enlarged heart as a result of a nemia . 

No other gross lesions were detected. 

Upon microscopic examination the lesions described below were noted 

in iron- injected pigs . 

The sectioned adrenal of pig 1 was highly congested, especial l y in 

the zona arcuata . The smal l intestine was highly congested , especially 

around the glands of Lieberkuhn . The kidneys were essentially normal 

except for mild c ongestion in t he medulla and cortex . The liver and 

lungs were slightly congested . 

The stomach of pig 5 had localized edema and hemorrhage in the 

submucosa. The small intestine was highly congested , especially around 

the g l ands of Lieberkuhn, and certain areas were edematous in the sub-

mucosa . The liver , lungs , and mesenteric lymph nodes were congested . 

In pig 21 the kidneys had generalized congestion with some l ocal 

hemorrhages . The liver a nd lymph nodes were congested . The lungs were 

slightly edematous with some high l y congested areas . 

In pig 27 the adrenals, anterior and pos t erior pituitary, small 

intestine, kidneys, liver, lungs, lymph nodes, and thymus were congested. 

The lungs we r e also mildly edematous. The stomach had l ocalized 

hemorrhages in the submucosa . 
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I n pig 29 t he adrena l s , ante r ior and posterior p ituitary, smal l 

i ntes t i ne , kidneys , liver , l ungs, and l ymph nodes a ll were congested . 

The l ungs had a mild interlobu l ar edema . 

The kidneys of pig 31 were congested, especia l ly in the medulla . 

The l iver, lungs, and l ymph nodes were congested . The l ungs also were 

mi l d l y edematous . 

No t issues were taken from pig 34 due t o its premature death during 

t he drawi ng of a blood sample . 

Of t he fo llowing i r ·on- deficient pigs , the sectioned adr enal of 

pig 6 was congested in t he zona re t icular i s and medu l l a . The small 

i n t es t i nes were conges t ed ar ound t he glands of Lieberkuhn and i n the 

submucosa . Edema appeared in the submucosa of the stomach and smal l in-

t es t i ne . The kidneys , liver , l ungs , and l ymph nodes were a l l congested . 

The sectioned adrenal of p i g 10 was congested in the cortex . The 

small intestines were congested a r ound the glands of Lieberkuhn . The 

kidneys , l iver, l ungs , and lymph nodes were congested . 

In pig 16 t he small intestine and s t omach were edematous i n t he 

submucosa . The intestinal glands of Lieberkuhn wer e surrounded by con -

gestion . The k i dneys , l iver , lungs, and lymph nodes were h ighly con -

gested . 

In pig 17 t he adrenal, anter ior pituitary, smal l intes t ine , kidneys , 

l iver, l ungs , and lymph nodes were conges ted . The edema around the gall 

bladder was quite evident microscopical l y. 

In pig 18 the adrenal , smal l intestine, kidneys (mostly in the 

medulla), l iver, lungs , and l ymph nodes were congested . The zona arcuata 
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of the adrenal gland appeared disrupted . The separated cells may 

have resulted from autolysis or the histological technique. Slight 

and localized interlobular edema of the lungs was present. 

I n pig 26 the small intestine, kidneys , liver, lungs, lymph nodes, 

and thymus were congested . Again the adrena l zona arcuata a ppeared 

disrupted . 

In p ig 28 except for interlobular edema of the lungs, all organs 

sectioned a ppeared normal . Again the adrenal zona arcuata appeared 

disrupted . 

In pig 33 the medul la of the kidney was mildly congested . The lymph 

nodes were congested . The l ungs were mildly edematous . 

The bra in of pig 36 was mildly conges t ed . The kidney and lungs were 

h ighly congested. 

Control pigs 35 and 32 revea l ed no significant microscopic changes . 

Pig 32 , an iron-deficient pig, had hemopoietic areas in the liver . 

All the livers of iron-deficient pigs contained numerous hemopoietic 

foci as opposed t o the iron-injected pigs . 

Edema of t he lungs was interlobular, not fluid filled a lveoli . 

Edema , in general, was not as apparent microscopically as might be ex-

pected from the gross description . 

The histopathology could be summarized as passive congestion of the 

viscera . This is in general agreement with the work of Weil a nd Spink 

(1958) . The passive congestion connotes a hemodynamic mechanism in 

endotoxic shock . This is in agreement with the work of Hinshaw and 

Ne l son (1 962 ) . Certain porcine lesions described by Pan et al . , (1962) 
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were not observed, namely, fibrinoid necrosis, edematous swel l ing and 

fibrin thrombi in arterioles and arteries. These lesions were usua l ly 

found in the kidney, liver , heart, lymph nodes, stomach , and intestines . 

The lack of fibrinoid les i ons and an extensive eosinophilia may be due 

t o the young age of t he p i gs . Aggregations of eosinophi l s were found in 

most all lymph nodes, so a mild eosinophilia did exist. At 3 weeks of 

age the antigen-antibody aspects of endotoxic shock are probably at a 

minimum. 

Sections of the adrenals revealed no hyper - or hypoplasia of t he 

adrenal cortex. No difference was noted upon gross examination which 

would be the first indica t ion of adrenal malfunction ( Selye, 1956) . 

With no indications of malfunction grossly , weights of t he adr enals 

might well have been ambiguous , had they been weighed, considering 

t he variabl e degrees of congestion . 

In reviewing the histopathology described in this inves t igation , it 

is well to remember that t he lesions were usually localized or, as in 

the case of congestion, varied from area to area in degree . 
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V. SUMMARY AND CONCLUSIONS 

One-half of the pigs from each of 4 l itters· of swine were inj ected 

with iron . Each week, for 3 weeks after birth, blood samples were 

drawn . 

Packed cell volume, hemoglobin content, sedimentation rate, total 

erythrocyte and l eukocyte ce ll counts, and differential leukocyte counts 

were determined . In addition serum was stored for determination of 

sodium and potassium with a flame photometer . After the third week 

blood sample was drawn, Escherichia coli endotoxin was injected intra -

venously into t he pigs with t he exception of one i ron- injected and one 

iron-deficient control from each litter . After the endotoxin injection, 

blood samples were drawn on a schedule for 5 days and the above hema -

tologic parameters determined . 

Hematologic responses general l y r esembled the hemograms previously 

repor t ed by other inves t igators of iron deficiency and endotoxic shock 

in other mammals and swine . One exception was the lower total erythrocyte 

counts in the pigs throughout the experiment . This , along with some 

high packed cell volumes, and hemoG lobin values, resulted generally in 

l arge mean corpuscu l ar volumes and large mean corpuscular hemoglobin 

values . Another exception was a hypokalemia in the iron -deficien t pigs 

t hr oughout mos t of the experimen t . 

During endotoxic shock a decrease in serum potassium occurred in 

both i r on- injected and iron -deficient pigs during t he first hour of endo -

toxic shock . Also a decrease in serum sodium occurred at 15 minu t es 
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after endotoxin injection in both iron-injected and iron-de ficient 

pigs . 

Although a greater mortality occurred in the iron-deficient pigs, 

all pigs given a lethal dose of endotoxin exhibited a passive conges tion 

of the viscera upon histopathologic examination. It would seem that 

the effect of iron- deficiency anemia on endotoxic shock is one of over -

strain on the cardiovascular system due to venous pooling of blood . The 

cardiovascular system is strained due to the anemia and is further 

strained by endotoxic shock. The serum electrolyte changes did not 

indicate that they contributed to the edema. The necropsies and the 

histopathol ogy indicated that endotoxic shock is similar to edema 

disease as described by other workers . Therefore , the pathogenes is of 

endotoxic shock probably applies to edema disease. 
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VIII. APPENDIX A. TABLES 



Table 13. Hematological studies of pigs in litter 1 at 1 week 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NRa 
% gm% 6 3 % % % % % % No/100 WBC 10 /crrun 10 /cmm 

11Fe 38 .5 12 . 3 4 . 96 9 . 2 2 3 56 33 6 9 

4Fe 35 .5 11. 0 5 .13 6.3 2 1 32 64 1 16 

5Fe 36 . 0 10 . 3 3 . 75 10 . 2 2 1 58 28 11 6 

1Fe 37 .0 11.3 4.08 10 . 7 63 27 10 15 

-....J 
VI 

12 38.0 12.0 4 .48 11.0 1 1 47 51 0 

6 34.0 9.5 4.49 19.0 2 60 28 10 29 

10 27. 5 9 . 0 3 . 99 8 .3 1 1 2 58 23 15 14 

3 39 . 0 12 .3 4. 74 14 . 2 2 77 13 8 6 

13 30 .5 8 .7 3 . 20 8.5 2 1 46 39 12 21 

a nuclea ted r ed blood cells 

Fe . . . d 1ron- inJecte 



Table 13 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq /L u 

11 77 .6 24.8 31. 9 5 . 7 5 . 8 144 145 

4 69 . 2 21.4 31. 0 ·k4 .4 4 . 6 141 142 

5 96 . 0 27 . 5 28 . 6 *5 .4 5 . 6 137 140 

1 90 . 7 2 7. 7 30 .5 *5 . 0 5 . 0 144 144 

12 84 . 8 26 . 8 31.6 4 . 8 5.0 141 146 

6 75 . 7 21. 2 27 . 9 *5.4 5 . 0 144 140 

10 68 . 9 26 . 6 30 . 1 ic5 , 4 5 . 3 145 141 

3 82 . 3 25.9 31. 7 ~'(5 • 5 5 . 5 144 144 

13 95 . 3 2.]. 2 28 . 5 4 . 8 4 .7 140 137 

*some hemol ysis of the blood sample 
This notation will be used in the fol l owing tables . 



Table 14 . Hematol ogical studies of pigs in litter 2 a t 1 week 

Pi g No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 / cmm 3 10 /cmm % % % % % % No/100 WBC 

20Fe 40 . 0 11.3 3 . 91 10 . 7 3 1 2 51 38 5 8 

21Fe 39 . 0 10 . 8 2.85 8 . 7 1 1 14 78 6 3 

22Fe 39 . 0 10.8 3. 85 12 .3 1 53 41 5 2 

23Fe 41.0 11 . 5 3 .34 6 . 8 1 22 73 4 1 -...J 
-...J 

15 25 . 0 6 . 5 2 . 89 7 . 6 34 64 2 15 

16 29.0 8 . 5 2. 84 7 . 5 2 40 55 3 3 

17 32 . 0 10 . 0 3.73 15 . 5 1 50 47 2 1 

18 27 . 0 8 . 0 2 . 96 7 . 9 27 72 1 16 



Table 14 (Continued) 

Pig . No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

20 102 . 3 28 . 9 28 . 3 5 . 8 5 . 9 144 144 

21 136 . 8 3 7 . 9 27 . 7 6 . 3 6 . 3 143 143 

22 101.3 28 . 1 27 . 7 5 . 0 5.0 134 135 

23 122.8 34 .4 28 . 0 5.9 6 . 0 139 143 
-..J 
CXl 

15 86 .5 22 . 5 26 . 0 6 . 2 6 . 2 137 137 

16 102 . l 29 . 9 29 . 3 4.4 5 . 0 135 141 

17 85 .8 26 . 8 31.3 5.7 5 . 6 146 143 

18 91. 2 27 . 0 29 . 6 5 . 0 5 . 0 137 137 



Table 15 . Hematological studies of pigs in litter 3 at 1 week 

Pig. No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% mg% 6 10 /cmm 3 10 /cmm % % % % % % No/100 WBC 

30Fe 26.5 6 . 9 2 .73 4 . 2 6 35 47 12 270 

29Fe 33 . 0 9 . 0 3 . 61 6 . 9 1 3 51 40 5 68 

2le 32 . 0 9 . 7 3 .20 11.0 1 2 3 43 45 6 17 

'-I 

'° 25 23 . 0 6 .4 2 . 78 7 . 0 37 8 54 1 33 

26 27 . 0 7 . 8 2 . 84 8 . 5 77 17 6 37 

28 24 . 0 6.7 2 . 46 5.8 46 48 6 38 



Table 15 (Continued ) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

30 97 . 1 25 . 3 26 . 0 ~'<12 . 2 12.0 133 139 

29 91.4 24 . 9 27 . 3 *13 . 6 13.4 137 140 

27 100 . 0 30.3 30 . 3 ~'<-12 . 4 12 . 2 141 143 

00 

25 82 . 7 23 . 0 27 . 8 7 . 5 7 . 6 143 147 0 

26 95 . 1 27 . 5 28 . 9 9 . 5 9 . 8 147 151 

28 97 . 6 27 . 2 27 . 9 * 8 . 8 9 . 0 140 140 



Table 16 . Hematological studies of pigs in litter 4 at 1 week 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cnun 3 10 /cmm % % % % % % No/100 WBC 

3le 33 . 0 9 .3 3 .12 4.3 42 22 30 6 18 

34Fe 27.5 8.4 2.24 3 .7 1 7 71 18 3 52 

31Fe 34.0 9.4 3 .20 4.5 2 37 24 33 4 18 

32 24 . 0 7 . 4 2 . 52 1. 7 14 8 64 14 170 

33 22 . 0 6.7 2.74 2.2 72 4 20 4 88 

36 30 . 0 9 . 0 2 . 69 3 . 5 2 42 4 44 8 80 



Table 16 (Continued) 

Pig. No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

35 105 . 8 29 . 8 28 .2 *6 . 1 6 . 1 141 141 

34 122 . 8 37.5 36 .2 *6 . 3 6 . 2 148 146 

31 106 .3 29.4 27 . 6 *6 . 8 6 . 7 140 140 

CX> 
N 

32 95 .2 29 .4 30 . 8 5.6 5 . 9 140 145 

33 80 . 3 24.5 30 . 5 4 . 8 5 . 0 140 146 

36 111.5 33 . 5 30 .0 4.8 5 . 0 144 149 



Table 17 . Hematological s tudies of pigs in litter 1 at 2 weeks 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /crmn 3 10 /cmrn % % % % % % No/100 WBC 

11Fe 43 . 0 13 . 0 5 . 19 7 . 3 4 21 65 10 5 

4Fe 44 .0 13 . 5 5 .32 7.9 22 76 2 8 

5Fe 43 . 0 11.5 4.01 9 .2 2 2 30 63 3 1 

le 41.0 12.2 4 . 40 9 . 6 1 1 . 29 65 4 5 

CX) 
w 

12 28.0 8 . 0 4.19 5.8 3 23 70 4 13 

6 34 . 0 8 .7 4 .38 12 . 0 51 48 1 7 

10 23 . 0 5 . 6 2 . 95 6.0 4 23 69 4 29 



Table 17 (Continued) 

Pig . No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

11 82 . 9 25 . 0 30.2 7.0 6 . 8 142 137 

4 82 . 7 25 .4 30 . 7 6 . 2 6 . 1 135 133 

5 107 . 2 28. 7 26 . 7 6 . 1 6 . 1 145 146 

1 93 .2 27.7 29 . 8 '"'6 . 8 7 . 1 141 146 00 
.i:--

12 66.8 19.1 28.6 7 . 0 6.8 146 143 

6 77 . 6 19 . 9 25. 6 ~'<'9 . 3 9 . 7 140 135 

10 78.0 "19 . 0 24 . 3 5 . 9 6 . 3 142 141 



Table 18. Hematological studies of pigs in litter 2 at 2 weeks 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmm 3 10 /cmm % % % % % % No/100 WBC 

20Fe 45 . 0 13 . 0 4 .55 12.3 2 2 13 83 2 

2le 37 . 0 10 . 3 3 . 55 21.0 2 59 35 4 

22Fe 43 . 0 11. 8 4 . 11 13.5 28 68 4 

23Fe 44 . 0 13 . 0 4 . 55 9 . 7 1 35 64 3 

00 
Vt 

15 25 . 0 6 . 2 3.58 9 . 9 18 76 6 14 

16 25 . 0 6 . 7 3 .14 9 . 0 2 12 85 2 10 

17 29.0 8 .8 4 . 76 12 .o 2 2 30 66 2 

18 24 . 0 7.0 4 . 08 7.1 2 8 8 82 58 



Table 18 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

20 98 . 9 28.6 28 . 9 6 .4 6.4 140 144 

21 104.2 29 . 0 27 . 8 >'<5 . 7 5 . 8 140 145 

22 104 . 6 28 . 7 27 .4 >'<"6 . 4 6 .4 135 135 

23 96 . 7 28 . 6 29 . 5 5 . 2 5 . 3 141 144 
CXl 
CJ'\ 

15 69.8 17 . 3 24.8 5 . 9 5 . 9 139 139 

16 79 . 6 21.3 26 . 8 >'(6 . 1 6 .1 139 140 

17 60 . 9 .18.5 30 . 3 5 . 9 5 . 8 143 143 

18 58 . 8 17 . 2 29 .2 5 . 3 5 . 1 143 140 



Table 19. Hematological studies of pigs in litter 3 at 2 weeks 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cnun 3 10 /cmm. % % % % % % No/100 WBC 

30Fe 35 . 0 10 . 8 3 . 08 5 . 0 1 1 2 58 29 9 35 

29Fe 34 . 5 10 . 8 3 . 27 9 . 0 3 2 42 35 18 6 

2le 38 . 0 12 . 3 3 . 64 9 . 5 1 1 2 50 40 6 6 

00 

25 18 . 0 5 . 0 2 . 07 9.7 3 76 18 3 23 -...J 

26 20.0 5.9 1.89 6.8 3 46 39 12 38 

28 16 . 5 4 . 6 2 . 11 5 . 2 1 3 22 61 13 39 



Table 19 (Continued ) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq /L mEq/L u 

30 113. 6 35 . l 30.9 6 . 0 5 . 9 146 144 

29 105 .5 33.0 31.3 )'(7 . 0 7 . 0 150 152 

27 104 .4 33 . 8 32 . 4 ;'r5 . 5 5 . 4 142 143 

CX> 
CX> 

25 87 .0 24 . 2 27 . 8 6 . 6 6 . 4 145 146 

26 105.8 31.2 33 . 9 7 . 0 7 . 3 138 142 

28 78 . 2 21. 8 27 . 9 5 . 0 5.0 135 133 



Table 20 . Hema tolog ical studies of pigs in litter 4 at 2 weeks 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmrn 3 10 /cmrn % % % % % % No/100 WBC 

35Fe 36 . 5 10.3 3 . 32 13.3 1 3 61 32 3 6 

34Fe 32.0 9 .4 3.04 9.8 1 1 71 26 1 4 

31Fe 31.0 9.2 3.27 9.2 1 1 84 14 1 2 

CXl 

'° 32 21.0 5.4 2.51 5.1 82 17 1 38 

33 19 . 0 5 . 4 2 . 00 7.5 84 15 1 14 

36 26.0 7 . 3 2 . 63 10.4 83 17 11 



Table 20 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

35 109 . 9 31.0 38 . 2 ~'(7 . 0 7 . 0 139 140 

34 105 . 3 30.9 29 .4 ">'c5 . 7 5 . 9 145 146 

31 94.8 28 . 1 29 . 7 ~""5 . 6 5 . 7 135 136 

\0 

32 83 . 7 21.5 25 . 7 5 . 7 5 .4 144 138 0 

33 95 . 0 27 . 0 28 .4 5 .4 5 . 7 140 141 

36 98 . 9 27 . 8 28 . 1 ~·(6 . 0 5 . 9 140 141 



Table 21. Hematological studies of pigs in litter 1 at 3 weeks 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmm 3 10 /cmm % % % % % % No/100 WBC 

11Fe 41.0 12 . 5 5.57 5 . 9 2 17 79 2 

4Fe 43 . 0 12 . 3 4 . 83 7.8 1 28 69 2 

5Fe 40 . 0 11.5 4 .44 8 . 0 3 36 61 1 

1Fe 38 . 5 10.8 4 .43 6.6 28 68 4 1 
\0 ...... 

12 25.0 6 . 3 3 . 58 6 . 5 20 77 3 15 

6 27 . 0 7.3 3 . 83 8 . 7 1 54 36 9 13 

10 25 . 0 5.5 3 . 95 4 . 7 3 30 64 3 65 



Table 21 (Continued ) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

11 73 . 6 22 .4 30 . 5 8 . 6 8 . 2 127 125 

4 89 . 0 25 . 5 28 . 6 9 . 6 9 . 8 146 148 

5 90 .1 25.9 28 . 8 7 . 8 7 . 6 120 120 

1 86 . 9 24 .4 28 .l 8 . 7 8 . 2 136 134 
'° N 

12 69.8 17.6 25 . 2 7 . 6 6 . 9 136 133 

6 70 . 5 19 . 1 27 . 0 7 . 6 7 . 6 138 138 

10 63 . 3 13 . 9 22 . 0 7 . 3 7 . 3 136 136 



Table 22 . Hematological studies of pigs in litter 2 a t 3 weeks 

Pig No . PCV Hb RBC WBC Ba s o Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmm 3 10 /cmm % % % % % % No/100 WBC 

20Fe 45 . 0 11.5 3 .45 12.6 1 1 61 35 2 

2le 35 . 5 10 . 5 3. 77 7 . 2 2 20 76 2 

22Fe 39.0 12.8 4 .47 8.3 33 65 2 

23Fe 40.0 14 . 5 3.97 7 . 2 1 2 43 49 5 
\0 w 

15 26 . 0 6 . 3 2 . 55 6.5 3 21 74 2 10 

16 28 . 0 6 . 8 3.09 6 . 0 1 20 78 1 29 

17 36 . 0 9 . 3 3 . 80 9 . 6 3 21 74 2 

18 27 . 0 5 . 5 2 . 33 4 . 6 1 19 80 61 



Table 22 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

20 130 .4 33.3 25 . 6 ,.(8 . 6 8 . 7 143 145 

21 94 . 2 27 . 9 29 .6 8 . 1 8 .4 149 154 

22 87.2 28 . 6 32.8 *7 . 9 8 . 5 141 142 

23 100 . 8 36 . 5 36 . 3 i(8 . 6 8 . 8 140 136 

'° ~ 
15 102 . 0 24.7 24 . 2 '>'(8 . 1 7 . 6 155 149 

16 90 . 6 22.0 24.3 7 . 1 6.9 149 146 

17 94 . 7 24 . 5 25 . 8 *8 . 0 , ... 8 . 0 140 142 

18 115 . 9 ·23 . 6 20 .4 6 . 8 6 . 6 148 145 



Table 23 . Hematological studies of pigs in litter 3 at 3 weeks 

Pig No. PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmm 3 10 /crrrm % % % % % % No/100 WBC 

30Fe 32.0 8 . 8 3.10 3 . 6 3 1 50 40 6 6 

29Fe 32 . 0 9.7 3 .16 7. 2 . 53 47 1 

2le 38.0 11.3 3 . 93 9.9 52 42 6 

'° \J1 

25 16 . 0 3 . 9 2.00 6.3 4 25 69 2 18 

26 17 . 0 4 . 5 2.28 5.1 2 7 56 32 3 13 

28 16.0 4.1 1.87 6 .4 3 2 25 65 5 16 



Table 23 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

30 103 . 2 28 .4 27 . 5 *8 . 9 8 . 8 156 156 

29 101. 3 30 .7 30.3 ,'<'8 . 1 8 .4 140 144 

27 96 . 7 28 . 8 29 . 7 *8 . 9 8 . 5 138 136 

25 80 . 0 19 . 5 24 .4 .,.~8 . 4 8 . 0 148 146 

26 74 . 6 19.7 26 . 5 *7 . 5 7 . 6 140 143 

28 85 . 6 21. 9 25 . 6 7 . 1 6 . 7 147 142 



Table 24 . Hematological studies of pigs in litter 4 at 3 weeks 

Pig No . 

35Fe 

34Fe 

31Fe 

32 

33 

36 

PCV 
% 

39 . 0 

35 . 5 

32 . 0 

17 . 0 

18 . 0 

20 . 5 

Hb 
gm% 

10 . 8 

10 . 3 

8 . 8 

3 . 8 

4 . 5 

5 . 6 

RBC WBC Ba so Eos 
6 3 % % 10 /cmm 10 /cmm 

3 . 85 12 . l 1 

3 . 53 8 . 5 1 

3.28 10 .7 

2.10 5 . 9 

2.14 3 . 5 

2 . 32 8 . 3 

Band 
% 

1 

2 

8 

9 

3 

1 

Seg Lymph Mono NR 
% % % No/100 WBC 

66 31 2 3 

66 29 2 5 

70 22 
~ 

-....J 

42 47 2 30 

71 25 1 25 

69 29 1 19 



Table 24 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

35 101.3 28 . 1 27 . 7 *9 . 9 9 . 9 144 146 

34 100 . 6 29. 2 29 . 0 ~(8 . 1 8 . 2 143 145 

31 97 . 6 26 . 8 27 . 5 *8 . 6 8 .4 145 144 

'° 00 

32 81. 0 18 .1 22.4 ·k7 . 8 8 . 0 145 150 

33 84 . 1 21.0 25 . 0 7 . 8 7 . 8 148 153 

36 88 .4 24 . 1 27 . 3 7 . 2 7. 0 140 141 



Table 25 . Hematological studies of pigs in l i t ter 1 a t 15 minutes postinjection 

Pig No . 

11Fe 

4Fe 

5Fe 

le 

12 

6 

10 

PCV 
% 

39 . 0 

3 7 . 0 

37. 0 

36 . 0 

25 . 0 

23 . 0 

21. 0 

Hb 
gm% 

12.8 

11 . 8 

11 . 3 

10 .3 

6 .3 

6 . 3 

5 . 5 

RBC WBC Ba so Eos 
6 3 % % 10 I cmm 10 /cmm 

3 . 62 7 .4 2 

2 . 23 

2 . 90 1.2 1 

3 . 09 2 .5 

2 . 90 5 . 3 1 

2 .44 1.3 2 

2 .44 1. 3 2 

Band 
% 

3 

2 

3 

Seg Lymph Mono NR 
% % % No/100 WBC 

29 61 4 8 

25 74 24 

4 93 3 21 

24 71 4 10 

2 92 2 396 

5 90 383 

\0 
\0 



Tab le 25 (Continued) 

Pig No. MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

11 107 . 7 35 .4 32 . 8 8.1 8 . 3 142 143 

4 114 . 6 36 . 5 31. 9 8 . 6 8 . 3 137 131 

5 127 . 6 39 . 0 30 . 5 ~\-9 . 0 8 . 7 142 139 

1 116 . 5 33 . 3 28.6 *8 .4 8 . 0 145 142 t-' 
0 
0 

12 86 . 2 21. 7 25 . 2 8 . 6 8 . 6 150 150 

6 94 . 3 25 . 8 27 .4 6 . 0 5 . 8 138 135 

10 86 . 1 ·22 . 5 26 . 2 6 . 8 6.5 143 143 



Table 26. Hematological s t udies of pigs in lit t er 2 a t 15 minutes postinjection 

Pig No . PCV HB RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cnun 3 

10 /c mm % % % % % % No/100 WBC 

20Fe 37 . 00 11.5 3 . 23 11.3 48 51 1 

2le 36 . 00 10 . 5 3 . 09 2 . 9 2 28 69 1 13 

22Fe 37 . 00 12 .8 3 . 24 3.0 100 4 

23Fe 42 . 00 14 . 0 3 .43 2 . 0 12 88 8 t-' 
0 
t-' 

15 25 .00 6.3 2 . 70 5 . 7 2 25 71 2 17 

16 31 . 00 6 . 5 2 . 55 2 . 0 1 10 89 97 

17 32.00 8 . 8 2.93 3.4 32 66 2 2 

18 30 . 00 5 .3 2 . 39 1.3 1 98 1 262 



Table 26 (Continued) 

Pig No . MCV MCH MCHC K Na 
3 uug u % mEq/L mEq/L 

20 114.6 35.6 31.1 *8 . 2 8 . 0 150 147 

21 116 .5 34 . 0 29 . 2 *7 . 8 7 . 6 141 139 

22 114.2 39 . 5 34 . 6 ~·,9 . 5 9 . 2 139 138 

23 122 .4 40 . 8 33 . 3 ~·,9 . 0 8 . 6 140 135 ,..... 
0 
N 

15 92 . 6 23 . 3 25 .2 *7 . 6 7 . 6 145 147 

16 121. 6 25 . 5 21. 0 "1<6 . 4 6 . 4 147 151 

17 109 . 2 ' 30 . 0 27 . 5 *7 . 3 7 . 0 140 136 

18 125 . 5 22 . 2 17 . 7 *6 . 1 6 .4 140 145 



Table 27 . Hema to l ogica l studies of pigs i n litter 3 at 15 minute s postinjection 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 / cmm 3 10 /cmm & % % % % % No /100 WBC 

30Fe 30 . 0 8 . 8 2 .49 2 . 5 8 44 44 4 30 

29Fe 32 . 0 8 .5 2 . 92 2. 4 2 92 6 55 

2le 35.0 10.3 3 . 03 3 . 5 1 4 91 4 25 

I-' 
0 w 

25 14 . 0 3 .5 2 . 33 4 . 0 15 79 6 60 

28 16 . 0 4 . 3 1. 60 3 . 0 98 2 114 



Tab l e 27 (Continued) 

Pig No . MCV 
3 u 

30 120 . 5 

29 109.6 

27 115 . 5 

25 60 . 1 

26 

28 100 . 0 

MCH 
uug 

35 .3 

29 . 1 

34.0 

15.0 

26 . 9 

MCHC 
% 

29 . 3 

26.6 

29 .4 

25 . 0 

26.9 

K 
mEq/L 

'>'<8 . 8 8 . 2 

'>'<8. 0 8 . 5 

8 . 6 8 . 5 

8 .3 8 . 3 

7 . 7 7 . 8 

6 . 5 6 . 5 

158 

144 

137 

146 

147 

136 

Na 
mEq/L 

154 

145 

137 

149 

149 

136 

I-' 
0 
.i:--



Table 28 . Hema t ological studies of pigs in litter 4 at 15 minu tes postinjection 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmm 3 10 /cmm % % % % % % No/100 WBC 

35Fe 35 . 5 10 . 6 3.45 10 . 5 56 42 2 2 

34Fe 35. 0 10.8 3 . 18 1. 9 8 92 36 

3le 30. 5 8 . 8 2 . 85 1.5 96 4 40 
...... 
0 
\Jl 

33 17 . 0 4.4 2. 12 . 4 10 90 600 

36 20 . 0 5 . 2 2 . 26 1.3 2 98 150 



Table 28 (Continued ) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/L u 

35 102.9 30 . 7 29 . 9 *10 . 0 9 . 5 145 143 

34 llO. l 34 . 0 30 . 9 ,'c 8. 9 8 . 9 135 134 

31 107 . 0 30.9 28.9 * 8 . 1 7 . 9 140 136 
t-' 
0 
(j\ 

32 * 8 . 6 8 . 3 151 151 

33 80 .2 20 . 8 25.9 7 . 5 7 . 2 144 147 

36 88 . 5 23 .0 26 . 0 6 . 0 6 . 7 143 147 



Table 29 . Hemato l ogical studies of pigs in litter 1 at 1 hour postinjection 

Pig No . 

11Fe 

4Fe 

5Fe 

1Fe 

12 

6 

10 

PCV 
% 

39 . 0 

37.0 

37 . 0 

36 . 0 

25 . 0 

23 . 0 

21. 0 

Hb 
gm% 

12 . 8 

11. 8 

11. 3 

10 . 3 

6 .3 

6.3 

5 .5 

RBC 
6 10 /cmm 

3 . 62 

3.23 

2.90 

3 . 09 

2 . 90 

2 .44 

2 .44 

WBC 

103 /cmm 

7.4 

1. 2 

2 . 5 

5 . 3 

1.3 

1.3 

Ba so 
% 

2 

Eos 
% 

2 

1 

1 

2 

Band 
% 

3 

2 

3 

Seg 
% 

29 

25 

4 

24 

2 

5 

Lymph 
% 

61 

74 

93 

71 

92 

90 

Mono NR 
% No/100 WBC 

4 8 

24 
t-' 

3 21 0 
-....J 

4 10 

2 396 

383 

- r. 



Table 29 (Continued) 

Pig No. MCV 
3 u 

11 107.7 

4 114 . 6 

5 127 . 6 

1 116 . 5 

12 86 . 2 

6 94 . 3 

10 86 . 1 

MCH 
uug 

35 . 4 

36 . 5 

39 . 0 

33 . 3 

21. 7 

25 . 8 

22.5 

MCHC 
% 

K 
mEq/L 

32 . 8 10.3 9 . 5 

31. 9 7.5 7 . 9 

30 . 5 7.6 7.6 

28 . 6 7 . 7 7.6 

25 . 2 6.8 7 . 0 

27 . 4 7 . 0 7 . 1 

26 . 2 6 . 7 6 . 7 

Na 
mEq/L 

153 155 

147 152 

144 144 

154 157 

148 147 

145 141 

145 148 



Table 30 . Hematological studies of pigs in litter 2 at 1 hour postinjection 

Pig No. PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 / cmm 3 10 / cmm % % % % % % No/100 WBC 

20Fe 37.0 11.5 3 . 23 11.3 48 51 1 

2le 36 . 0 10 . 5 3 . 09 2 . 9 2 28 69 1 13 

22Fe 37 . 0 12 . 8 3 . 24 3 . 0 100 4 

23Fe 42 . 0 14.0 3.43 2 . 0 12 88 8 r-' 
0 

'° 

15 25 . 0 6.3 2 . 70 5.7 2 25 71 2 17 

16 31.0 6.5 2 . 55 2 . 0 1 10 89 97 

17 32 . 0 8 . 8 2 . 93 3.4 32 66 2 2 

18 30 . 0 5.3 2 .39 1. 3 1 98 1 262 



Table 30 (Con tinued) 

Pig No . MCV MCH MCHC K Na 
3 uug % mEq/L mEq/ L u 

20 114. 6 35 . 6 31.1 *8 . 0 7 . 8 145 146 

21 116. 5 34 . 0 29 . 2 *7 . 1 6 .8 143 140 

22 114 .2 39 . 5 34 . 6 *6 .4 6 . 3 137 137 

23 122 .4 40.8 33 .3 *7.5 7 .4 144 145 
t-' 
t-' 
0 

15 92.6 23.3 25 .2 1<6. 8 7.2 142 142 

16 121 . 6 25 . 5 21.0 *5 . 3 5 .4 141 140 

17 109 . 2 30 . 0 27 . 5 6 . 7 6.6 146 145 

18 125 . 5 22 . 2 17 . 7 6 . 0 6 . 0 145 149 



Table 31 . Hema tologica l studies of pigs in litter 3 at 1 hour postinjection 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 / cmm 3 10 /cmm % % % % % % No/100 WBC 

30Fe 30 . 0 8.8 2 .49 2 . 5 8 44 44 4 20 

29Fe 32 . 0 8 . 5 2.92 2.4 2 92 6 55 

2le 35 . 0 10 .3 3.03 3 .5 1 4 91 4 25 

..... ..... ..... 
25 14 . 0 3 . 5 2 .33 4 . 0 15 79 6 60 

28 16.0 4 . 3 1.60 3 . 0 98 2 114 



Table 31 (Continued) 

Pig No . MCV 
3 

u 

30 120 . 5 

29 109 . 6 

27 115 . 5 

25 60 . 1 

28 100 . 0 

MCH 
uug 

35 . 3 

2 9 . 1 

34 . 0 

15 . 0 

26.9 

MCHC 
% 

29.3 

26 . 6 

29 .4 

25 . 0 

26 . 9 

K 
mEq/L 

*7 . 6 7.5 

-!(7 . 5 7 .1 

7.2 7 . 0 

7 . 6 7. 6 

6 . 2 6 . 0 

Na 
mEq/L 

148 145 

155 151 

147 143 

150 152 

148 145 

t-' 
t-' 
N 



Table 32. Hema tological studie s of pigs in litter 4 at 1 hour pos tinjection 

Pig No. 

35Fe 

34Fe 

3le 

33 

36 

PCV 
% 

35.5 

35.0 

30.5 

17.0 

20.0 

Rb 
gm% 

10.6 

10.8 

8 . 8 

4.4 

5 .2 

RBC WBC 

106/crrnn 103/crrnn 

3.45 10.5 

3.18 1. 9 

2.85 1. 5 

2 . 12 . 4 

2 . 26 1.3 

-

Ba so 
% 

Eos 
% 

Band 
% 

2 

Seg Lymph 
% % 

56 42 

8 92 

96 

10 90 

98 

Mono NR 
% No/100 WBC 

2 2 

36 

4 40 
t-' 
t-' w 

600 

150 



Table 32 (Continued) 

Pig No. MCV 
3 

u 

35 102 . 9 

34 llO . l 

31 107 . 0 

32 

33 80 . 2 

36 88 . 5 

MCH 
uug 

30 . 7 

34.0 

30 . 9 

20 . 8 

23.0 

MCHC 
% 

29 . 9 

30.9 

28 . 9 

25 . 9 

26 . 0 

K 
mEq/ L 

'>'(9 . 3 9 . 5 

'>'<8 . 2 8 . 4 

''(6 . 5 6 .4 

*7 . 1 7 .3 

5 . 8 5 . 6 

5 . 8 5 .4 

Na 
mEq/L 

138 143 

141 146 

142 141 

140 142 

143 140 

145 141 

~ 

~ 

~ 



Tab l e 33 . Hematol ogica l s t udies of pigs in litter 1 at 5 hours postinjection 

Pig No . 

11Fe 

4
Fe 

5Fe 

1Fe 

12 

6 

10 

PCV 
% 

36 . 0 

40. 5 

40 . 5 

38 . 0 

22 . 0 

24 . 0 

21. 5 

Hb 
gm% 

RBC WBC Ba so Eos Band 
6 3 % % % 10 / cmm 10 / crmn 

11. 5 3 .40 6 . 4 2 

12 . 3 3 . 89 2 . 5 20 

11 .4 3 .17 1. 5 7 

11.8 3 .11 1. 7 5 

6 . 0 2 . 73 6.8 1 

6 . 7 2 . 80 1.4 1 

5 . 0 Z. 94 . 8 1 1 

Seg Lymph Mono NR 
% % % No / 100 WBC 

48 46 4 2 

36 44 32 

31 62 60 

14 81 46 

12 87 15 

53 41 5 265 

14 82 2 692 

I-' 
I-' 
V1 



Tab l e 33 (Continued) 

Pig No . MCV 
3 

u 

11 105 . 9 

4 104 . 1 

5 127 . 8 

1 122 .2 

12 80 . 6 

6 85 . 7 

10 73 . 1 

MCH 
uug 

33 . 8 

31.6 

36 . 0 

37 . 9 

22 . 0 

23 . 9 

17 . 0 

MCHC 
% 

K 
mEq/L 

31.9 7. 9 7 . 7 

30 .4 ~'<-9 . 7 9 . 7 

2 8 . 1 ~': 10 . 2 10 . 4 

31.l 8 .7 8 . 7 

27 . 3 7 . 4 7 . 5 

27 . 9 8 . 7 8 . 8 

23 . 3 8 . 1 8 . 0 

Na 
mEq/L 

140 140 

142 140 

153 154 

143 14 1 

137 139 

148 150 

135 132 



Table 34 . Hematological studies of pigs in litter 2 at 5 hours postinjection 

Pig No . 

20Fe 

21Fe 

22Fe 

23Fe 

15 

PCV 
% 

39 . 0 

43 . 0 

40 . 0 

45.0 

24 . 0 

Hb RBC WBC Ba so Eos Band 
gm% 106/cnun 103/cnnn % % % 

11.8 3 . 63 9 . 2 

12 . 8 4 . 13 1.3 

12 .3 3 . 37 1.4 

14 . 5 4 . 20 1.8 1 

6 . 3 3.09 5 . 8 2 1 

Seg Lymph 
% % 

56 43 

30 70 

24 68 

20 79 

41 52 

Mono NR 
% No/100 WBC 

1 2 

50 

8 76 
...... 

40 ...... 
-...J 

4 9 



Table 34 (Con t inued ) 

Pig No . MCV 
3 

u 

20 107 .4 

21 104 . 1 

22 118 . 7 

23 107.1 

15 77. 7 

16 

17 

MCH 
uug 

32 . 5 

31. 0 

36 . 5 

34.5 

20 .4 

MCHC 
% 

30.3 

29 . 8 

30 . 8 

32 . 2 

K 
mEq / L 

, ... 8. 3 8 . 3 

*8 . 7 8 . 6 

*7 . 9 8.0 

*8 . 6 8 . 6 

26 .3 8 . 3 8 . 0 

13. 0 12 . 8 

11.6 11.4 

141 

147 

139 

140 

Na 
mEq/L 

141 

146 

137 

140 

148 144 

152 149 

147 146 

I-' 
I-' 
00 



Table 35 . Hema t ological studies of pigs in litter 4 at 5 hours postinjection 

Pig No . 

35Fe 

34Fe 

31Fe 

32 

33 

36 

PCV 
% 

33 . 0 

37 . 0 

34 . 0 

14.0 

18.0 

20 . 0 

Hb 
gm% 

9.7 

10.8 

9.7 

3 . 5 

4.5 

4 . 9 

RBC WBC Ba so 
6 3 % 10 /cmm 10 /crmn 

3.15 11.3 

2 . 85 1.4 

3 . 29 2 .2 

1.69 3.7 

2.22 . 7 

2.35 1.2 

Eos 
% 

Band 
% 

3 

6 

Seg Lymph Mono NR 
% % % No/100 WBC 

47 48 2 

96 4 50 

22 66 6 10 

80 16 4 60 

100 290 

4 96 200 

I-' 
I-' 

'° 



Table 35 (Continued) 

Pig No. MCV 
3 

u 

35 104 . 8 

34 129.8 

31 103 . 3 

32 82 . 8 

33 81.1 

36 85 . 1 

MCH 
uug 

30 . 8 

37 . 9 

29 .S 

20 . 7 

20 . 3 

20 . 9 

MCHC 
% 

29.4 

29 . 2 

28 . 5 

25 . 0 

25.0 

24 . 5 

K 
mEq/L 

*9 . 2 9 . 2 

*9 . 8 9 .4 

*7.8 8 . 0 

*7 . 5 7 . 3 

'l'•6 . 8 6 . 7 

6.6 6 . 5 

Na 
mEq/L 

138 

152 

138 

148 

139 

138 

149 

142 

145 

138 

137 137 

t-' 
N 
0 



Table 36. Serum electrolytes of pigs in litter 1 at 8 hours postinjection 

Pig No. K Na 
mEq/L mEq/L 

11Fe '>':8 . 4 8 . 5 142 143 

4Fe *10 . 0 9 . 8 143 141 

5Fe ,·:15 . 4 15 . 2 147 150 

1Fe *10.4 10 . 3 150 146 ...... 
N ...... 

12 7 .2 7 . 2 145 145 

6 10 . 1 10.4 143 144 

10 9 . 8 9.5 152 146 



Table 37. Serum electrolytes of pigs in litter 2 at 8 hours postinjection 

Pig No . 

20Fe 

21Fe 

22Fe 

23Fe 

15 

K 
mEq/L 

*7 . 9 8 . 1 

*8 .6 8 . 9 

*9.9 9 . 6 

*9 . 9 9 . 9 

·k7 .1 7 . 3 

Na 
mEq/L 

137 139 

133 138 

141 136 

134 135 

136 138 

t--' 
N 
N 



Table 38. Serum electrolytes of pigs in litter 4 at 8 hours postinjection 

Pig No . 

Fe 
35 

34Fe 

31Fe 

32 

36 

K 
mEq/L 

*9.4 9 . 0 

12 . 0 12 . 4 

~·(8 . 5 8 .6 

*7.3 7 . 2 

7.0 6 . 8 

143 

142 

131 

146 

138 

Na 
mEq/L 

139 

144 

135 

145 

136 

...... 
N w 



Table 39 . Hematological studies of pigs in litter 1 at 24 hours postinjection 

Pig No . PCV Hb RBC WBC Baso Eos Band Seg Lymph Mono NR 
% gm% 6 10 /cmm. 3 10 /cmrn % % % % % % No/100 WBC 

11Fe 37. 0 11. 8 4.88 8 .1 1 1 2 46 49 1 1 
t-' 

4Fe N 

37 .0 12 . 3 3 . 97 18.5 41 28 31 12 .I:' 

12 23 . 0 6.3 3 . 26 6 . 0 4 35 61 38 



Table 39 (Continued) 

Pig No . 

11 

4 

12 

MCV 
3 

u 

75 . 8 

93 . 2 

70 . 6 

MCH 
uug 

24 .2 

31. 0 

19.3 

MCHC 
% 

K 
mEq/L 

31.9 7 . 1 7 . 2 

33 . 2 *7.0 7 . 0 

27 .4 5 . 5 5 . 5 

Na 
mEq /L 

150 151 

152 150 

143 143 



Table 40 . Hema t o l ogical s t udies of pigs in litter 2 a t 24 hours pos tinj ec tion 

Pig No . 

20Fe 

21Fe 

22Fe 

23Fe 

15 

PCV 
% 

37 . 0 

26.0 

38 . 0 

41. 0 

30 . 0 

Hb 
gm% 

11.3 

6 . 9 

10 . 5 

12 . 3 

5 . 3 

RBC WBC Ba so Eos Band 
6 3 % % % 10 /crran 10 /cmm 

Seg Lymph Mono NR 
% % % No/100 WBC 

3 . 90 9 .4 1 1 2 61 28 7 5 

3 .14 6 . 9 12 22 66 38 

3 . 58 9 . 9 9 53 34 4 15 

3 . 99 18 . 9 27 56 13 4 6 

2 . 84 6 . 5 35 56 9 11 

I-' 
N 

°' 



Table 40 (Continued) 

Pig No . 

20 

21 

22 

23 

15 

MCV 
3 

u 

94 . 9 

82 . 8 

106 .1 

102 . 8 

105 . 6 

MCH 
uug 

29 . 0 

22 . 0 

29 . 3 

30 . 8 

18 . 7 

MCHC 
% 

K 
mEq/L 

30 . 5 ''r4 . 7 4 . 8 

26 . 5 *10 .3 10 . 2 

2 7 . 6 ''r5 . 0 5 . 2 

30 . 0 *6 . 3 6 .3 

17 . 7 6 . 1 6 . 0 

Na 
mEq/L 

137 138 

138 138 

146 149 

143 144 

147 146 

I-' 
N 
'-J 

.. ... 



Table 41 . Hematological studies of pigs in litter 1 at 120 hours postinjection 

Pig No . 

12 

PCV 
% 

33.0 

33 .0 

24 . 0 

Hb 
gm% 

9 .7 

10 . 0 

6 . 0 

RBC WBC Ba so Eos 
6 3 % % 10 /crran 10 /crran 

3 . 92 5.7 1 

3 . 57 6 . 4 1 2 

2 . 57 2 .8 1 

Band 
% 

2 

3 

Seg Lymph Mono NR 
% % % No/100 WBC 

46 so 1 3 

62 32 5 

35 60 4 87 

..... 
N 
00 



Table 41 (Continued ) 

Pig No . 

11 

4 

12 

MCV 
3 u 

84 . 2 

92 . 4 

93 .4 

MCH 
uug 

24 . 7 

28 . 0 

23.3 

MCHC 
% 

K 
mEq/L 

29 .4 *10 .4 10 . S 

30 . 3 ,'( 9 . 2 9 . 4 

25 . 0 *10 . 2 10 . 4 

- -~-

137 

127 

141 

Na 
mEq/L 

140 

12 9 

143 

.. _, 
.,,...J.._..__ ___ 

...... 
N 

'° 



Ta bl e 42 . Hema tological stud ies of pigs in litter 2 at 120 hours pos t inj ection 

Pig No . PCV Hb RBC WBC Ba so Eos Band Seg Lymph Mono NR 
% gm% 6 10 / cmm 3 10 / cmm % % % % % % No/ 100 WBC 

t-' 
20Fe 4 w 30 . 0 9 . 3 3 . 52 9 . 8 20 80 0 

22Fe 29 . 5 9 . 0 2 . 97 8 . 0 28 69 3 2 

2le 32 .5 10 . 5 3 . 13 7 . 3 62 32 6 

15 20 . 0 5 . 5 3 .5 9 8 .1 1 38 49 12 6 



Table 42 (Continued) 

Pig No . 

20 

22 

23 

15 

MCV 
3 

u 

85.2 

99 . 3 

103 . 8 

55 . 7 

MCH 
uug 

26 . 4 

30 . 3 

33 . 5 

15.3 

MCHC 
% 

K 
mEq/L 

31.0 7 . 9 8 . 1 

30 . 5 *7.9 7 . 8 

32 . 3 "{(6 . 9 7 . 1 

27.5 *8.0 8 . 0 

Na 
mEq/L 

147 149 

140 140 

149 148 

146 149 
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IX . APPENDIX B. FIGURES 



Figure 1 . Means of red blood cell counts per cu mm of porcine blood 

In this figure and Figures 1 - 12 the following legend 
will be used: 

significance due to iron injection (1.0% level) 

significance due to iron injection (0 . 5% level) 

significance due to endotoxin injec t ion (1.0% level) 

significance due to endotoxin injection (0 . 5% level) 

F x E interaction 
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Figure 2 . Means of hemoglobin values of porcine blood 
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Figure 3 . Means of packed cell volumes of porcine blood 
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Figure 4 . Means of the mean corpuscular volumes of porcine blood 
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Figure 5 . Means of the mean corpuscular h emoglobin values of 
porcine blood 
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Figure 6. Means of the mean corpuscul a r hemoglobin content value 
of porcine b l ood 
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Figure 7 . Means of the tota l leukocytes per cu mm of porcine blood 
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Figure 8 . Means of neutr ophil and lymphocyte percent of t he tota l 
l eukocy t e coun t in porcine blood 
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Figure 9 . Means of nucleated erythrocytes per 100 leukocytes 
in porcine blood 
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Figure 10. Means of erythrocyte sedimentation rates per hour 
in porcine blood 
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Figure 11 . Means of serum sodium in porcine serum 
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Figure 12 . Means of serum potassium in porcine serum 
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Figure 13 . Number of pigs surviving a t different postinjection times 

The blank portion of the bar indicates live pigs which did 
not contribute a blood sample . 



10 

9 

8 

(f) 7 
(.9 

Q_ 6 
LL 5 0 

4 
0 z 3 

2 
I 

0 
0 
w 
I-u w 
J z -

IN JECTED AND CONTROL P IGS 

15min I hr 5 hr 

(·:·:·:·:·:·:! IRON 
~ IRON+ENDOTOXIN 
IEiD I RON - DEFICIENT 
l\: t::t::q IRON - DEFICIENT+ 

ENDOTOXIN 

8hr 24hr 120 hr 

!--' 
Vt 
00 




