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I SCHIVNIVIONE AU

A disease syndrome of swine characterized by a con=-
sistent lesion of perirenal edema has for several years been
recognized clinically end upon post mortem examination,
Laboratory and field investipgations have established a num=-
ber of factors common to the condition. 7T1he disease occurs
in young swine only during the summer and early fall months,
Onset of the disease is associated with access of swine to
pastures containing Amaranthus retroflexus L. (redroot pig-
weed) and Chenopodium album L, (lamb's quarters). After
five to ten days of ingestion of suspected plants, typical
signs of weakness, trembling and incoordination develop.
These signs progress rapidly to knuckling of tarsal-metatar-
sal joints, weagkness in the hindquarters, sternal recumbency,
flaccid paralysis and death within 48 hours after onset of
clinical sipgns. 7The characteristic lesion is retroperitoneal
edema of the perirenal connective tissue, Edema of the meso=-
rectum, mesometrium and lateral ligaments of the bladder is
observed. Subcutaneous and intermuscular edema of the ab=-
dominal wall may be pronounced, «idneys are pale brown with
petechial or ecchymotic hemorrhages beneath the capsule,

wWhile circumstantial evidence indicated thét both pig-

weed and lamb's quarters might be involved, experimental con-

firmation had not been successfully attempted.




The purposes of this research were twofold: 1) to
establish experimental confirmation that the weeds incri-
minated were or were not the etiologic agent of perirenal
edema, 2) to characterize the disease more fully as relates
to clinical signs, lesions, clinical chemistry changes and
the probable cause of death.

The characterization of the disease will add to basic
information useful in further study of toxic renal di-
seases. Knowledge of the pathologic effect will also sug-

gest more meaningful areas of investigation concerning the

toxic principle contained within the plants,




REVIEW OF LITERATURE

A distinct disease syndrome of swine called peri-
renal edema has been recognized by veterinarians in re-
cent years (3uck et al., 1965; 1966; Larsen et al, 1962).
Clinical signs are described (Buck et al, 1966) as charac-
terized by weakness, trembling and incoordination., These
signs progress rapidly to knuckling of the pastern joints
and paralysis of the hind limbs. Sternal recumbency is
a characteristic posture of affected pigs. Wwhen stimu-
lated, such pigs try to walk by dragging their hind limbs
which may appear partly or completely paralyzed. Caudal-
ventral swelling and enlargement of the abdomen is fre-
quently seen, Temperafures generally remain normal and
the eyes are bright, Death commonly occurs within 24
hours after signs of illness are apparent (Buck et al.
1965; 1966; Usweiler 1966).

In field studies of ten naturally occurring cases of
the disease buck et al., (1966) studied the pathologic
changes associated with characteristic clinical signs of
the syndrome, Gross necropsy findings consistently in=-
cluded edema of the connective tissue arcund the kidneys.

ihe amount of perirenal fluid varied, sometimes occupying

a large portion of the abdominal cavity. In animals with




a clinical course longer than 24 to 36 hours a substantial
amount of blood was found in the edematous fluid. Upon
section, the lesion was found to be perirenal in nature
and a normal-sized, pale brown kidney was found within the
edematous or hemorrahagic mass. Edema of the ventral
abdominal wall, the perirectal area, and in one instance,
the stomach wall was reported (Buck et al. 1965; 1966).
Other lesions reported (Buck et al. 1966) as associated
with the disease were the presence of large amounts of
clear, straw=-colored fluid in the thoracic and abdominal
cavities. Grossly, the kidneys of affected pigs wefe
normal in size and pale brown with ecchymotic hemorrhages in
the cortex.

Christensen (1955) reported a syndrome characterized
clinically by acute illness with signs of ataxia,
dyspnea, cyanosis and edema. Surviving animals were
affected with signs of uremia, polydipsia, polyuria and
proteinuria. At necropsy, lesions observed were those of
fluid in the body cavities, edema in the subcutaneous
tissues and edema in the mesentery. Constant findings
were edema and hemorrhage around the kidneys.

MeNutt (1953) studied edema disease of swine and
reported an occasional lesion characterized by a thickened

and edematous renal capsule separated from the ischemic

kidney by considerable amounts of blood-stained fluid.




Perirenal edema was listed as a synonym for edema disease,

Larsen (1962) reported on a disease involving peri-
renal edema which differed from edema disease because of
the tendency of edema to accumulate around the kidney,
Initial symptoms of the condition were reported as de=-
pression, anorexia and ataxia, especially of the hind-
quarters. Pigs became increasingly weak and apathetic
and progressed to general paresis and recumbency. Tre=-
mor and clonic convulsions were frequently noticed.

Death generally followed in less than three days. Pigs

recovering from the acute disease sometimes died of

uremia several days later., Post mortem lesions of af-

fected pigs revealed edema in the subcutaneous tissue of

the abdominal wall and distention of the abdomen as well
~as the characteristic perirenal edema.

The occurrence of edema in swine and other livestock,
particularly the localized or specific lesion of perirenal
edema has been ascribed to a number of causes, The
lesions of edema disease or enterotoxemia have been well
described, Bennett (1964) in a complete chapter summarized
the clinical, pathologic and etiologic factors considered
relevant to edema disease., The salient clinical features
of edema disease were reported as listlessness, reduced

appetite and a weak, wobbly gait. Aimless circling,

blindness, generalized tremors, prostration, running




movements and convulsions were also described. Affected
animals did not generally have a rise in temperature.
Death usually occurred within 48 hours after onset of
clinical signs.,

The pathologic changes in edema disease are often
quite variable, Bennett (1964) reported edema of the
stomach wall as the most prominent lesion, while edema
was also common in the mesenteric folds of the spiral
colon, the eyelids, ears, subcutaneous tissues of the
face and the ventrolateral abdominal wall. Fulmonary
edema, hydrothorax and hydroperitoneum were also described.
Occasionally edema of the capsule of the kidney is ob=-
served, with the capsule separated from the kidney by
a substantial amount of blood~tinged fluid. In such
instances the kidney appears quite ischemic and the
perirenal fluids gel upon exposure to air (Bennett 1964;
McNutt 1953).

Bennett (1964) and Coulter (1965) have reviewed
various hypotheses concerning the etiology of edema
disease of swine. The number of possible etiologic
conditions suggested include toxins, anaphylactic reaction,
nonspecific stress, a virus and nutritional or psychic
factors. The most general agreement favors the role of

toxins elaborated by hemolytic strains of Escherichig

coli under proper conditions in the intestinal tract,




Other workers have reviewed the etiology and pathology
of edema disease (Erskine et al., 1957).

Reports of poisoning from deadly nightshade (Hyoscyvamus
niger L.) include perirenal edema and perirenal hemorrhage
as characteristic lesions. Betts (1938) and Quin (1938)
have observed blood clots around and adjacent to the
kidney in cases of suspected deadly nightshade poisoning.
Hof ferd (1937f described extensive infiltration of blood
and serum around the kidneys, gelatinous material in the
abdominal fat and a similar substance around the gall
bladder in pigs poisoned by belladonna alkaloids. Breed
(1945) stated that if nightshade poisoned swine live for
a few days and then die, they may have large amounts of
straw=-colored fluid around the kidneys and in the peri-
toneal cavity.

The clinical signs of nightshade poisoning include
stupefaction, muscle trembling, incoordination, dilatation
of the pupils, vomiting, nervousness and convulsions
(Smith et al., 1956; Kingsbury 1964). Carey (1955),
Casselberry (1939) and Hubbs (1947) reported field cases
of nightshade toxicity due to Solanum pnigrum L. However,
none of these authors reported perirenal edema or gross

evidence of kidney damage as a lesion. Oehme (1963)

stated that a problem in differential diagnosis existed




between pigweed and nightshade poisoning.

Rutqvist and Persson (1966) conducted experiments
in which pigs were injected with aflatoxin in varying
dosages. One injected animal died within 90 minutes
while five died in four to seven days. Clinical signs seen
in affected swine were arching of the back, muscle trem-
bling and difficulty in rising and standing. Upon necropsy,
gross lesions observed included edema in the perirenal
region, hydrothorax, pinpoint renal hemorrhages and
anemia. iistopathologic examination of the kidneys re-
vealed necrosis of the proximal convoluted tubules, a P.A.S.
positive material in the distal tubules and lack of any
consistent changes in the glomeruli. A pathologic change
attributed to mycotoxins described by Forgacs and Carll
(1962) and Sippel et al, (1953) was the presence of a
large hematocyst beneath the peritoneum near one kidney and
extending from the diagphram to the pelvis. Straw-colored
fluid was also found frequently in the thoracic and abdomi-
nal cavities. The kidneys were pale and edematous and a
gelatinous infiltration of the peritoneal covering of the
colon was observed (Forgacs and Carll 1962), Icterus,
generalized hemorrhage and yellow=-colored livers were other
commonly described lesions.

Microscopic renal lesions described for mycotoxin poi-

soning included glomerular atrophy, tubular dilatation,




edema and necrosis of convuluted tubules (Forgacs and Carll
1962; sippel et al, 1953), Burnside et al. (1957) experi=-
mentally produced lesions of liver damage, icterus, renal

capsular congection and swollen, edematous and hemorrhagic

kidneys by feeding a water suspension of an Aspergillus

flavus corn substrate.

Acorn poisoning of ruminants has been reported to
cause some post mortem lesions similar to those described
in swine by Buck et al. (1966). Kingery (1960) reported
the lesions of acorn poisoning to include edema of the un=-
derline, petechia on the kidneys, edema of the loose sub~
lumbar connective tissue and perirenal fat, pﬁlmonary edema,
hydroperitoneum and hydrothorax. 7This agrees with lesions
described for oak poisoning by DBoughton (1936) as edematous
swellings of the body wall, masses of edematous jelly-like
material in the abdominal cavity, edematous lymph glands,
and pale brown kidneys studded with pinpoint hemorrhages.
Smith and Jones (1966) ascribed the ventral edema to renal
origin and have described polydipsia and polyuria as a re-
sult of the renal damage. Towers (1950) reported on a field
case of acorn poisoning in which edema of the renal fat was
a prominent lesion. The edematous fat also contained ex-
tensive ecchymotic hemorrhage. Smith (1959) has described

the microscopic lesion of oak poisoning as characteristic

and not duplicated by any other disease. Many proximal
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convoluted tubules are necrotic and contain dense albumin
casts which may be intimately mixed with the necrotic epi=-
thelial cells to form a dense homogeneous mass limited only
by the basement membrane. Tubules adjacent to such necrotic
tubules may appear normal and glomeruli are not affected,

In a few kidneys examined, small greenish, rosette~shaped
crystals appeared in some of the tubules. Mullins (1555)
found lesions in acorn poisoned cattle consisting of ne-
crosis of proximal convoluted tubules. In examining kidneys
of sheep experimentally poisoned by acorns, Fowler and
Richards (1965) report hyaline casts, necrosis of proximal
tubular epithelium, dilatation of tubules and oxalate cry-
stals in various parts of the tubules.

After extensive post mortem examination of swine char-
‘acteristically affected with perirenal edema, combined with
field trips to investigate the disease, Buck et al., (1966)
determined several factors common to the disease. Cases of
perirenal edema described invariably occurred during the
summer months of July, August and September., The most com=
monly affected group of swine were those weighing between
30 and 125 pounds. The clinical history usually included
sudden access to pasture or green plants after a period of
drylot or concrete confinement, usually involving pigs which

had never been on pasture before. Clinical signs of the

perirenal edema condition usually appeared from five to ten
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days after access to pasture, Identification of the flora

involved in ten ficld outbreagks revealed that pastures con-

tained good growth of Amaranthus retroflexus (redroot pigz-

weed) or Chenopodium glbum (lamb's quarters) or both,

Histopathologic changes in affected swine kidneys ex-
amined by Buck et al. (1966) were those of tubular degenera-
tion of varying degree. The proximal tubules were involwved
with cloudy swelling, hyaline droplet degeneration and ne-
crosis, In some areas tubular lumens were occluded, while
in others the renal eptihelium was sloughed, Some tubular
lumens contained proteinaceous casts, Perivascular and
interstitial edema was frequently observed., The major
changes were observed in the renal cortex. A less constant
finding included the presence of oxalate-like crystals with-
in the tubular lumens.

The plant most often incriminated by Buck et al. (1966),
A. retroflexus, is a member of the Amaranthaceae. It is a
common weed of cultivation (Kingsbury 1964) and tends to
grow in abandoned hog lots, fence rows, or waste areas. The
coarse stem reaches a height of three to five feet by late
July and is tobped by a large rough inflorescense, Figweeds
have been shown to accumulate dangerous levels of nitrate
(Case 1957; Gilbert et al. 1946; Kingsbury 1964; Marshall
et al, 1967; Muenscher 1951; Olson and Whitehead 1940;

Whitehead and Maxon 1952; Woo 1919). Olson and Wkitehead
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(1949) reported values as hish 2s 6,10 percent Ed0, in

A. retroflexus from various South Dakots counties, sradley

et al, (1940), from experience with nitrate accuwmulatine
plants, arbitrarily set 1.5 percent KIG; a8 a minimum toxic
level in forage.

Whitehead and saxon (1952) showed that a numnber of
environmental factors may influence the nitrate content of
fmaranthus sp. and other potential nitrate accumulators.,
Those environmental factors reported as significant are:
(1) high nitrate soils tend to produce crops hizh in nitrate
content; (2) drousght, especially if occu:riﬁg during the
time when plants are irmature may increase the nitrate le-
vels; (3) deficiency of certain soil micronutrients es-
sential to enzyme function may tend to produce increasec
nitrate accumulation; (4) increased light intensity or
longer photoperiod favor the assimilation of nitrate by
plants; and (5) spraying with herbicides may result in
higher nitrate content in those plants surviving treatment,
Gilbert et al. (1946) reported that nitrate accumulation
was favored by high nitrate soils and by shading of the
plants. luenscher (1951) and Kingsbury (1964) also report
an increase in nitrate content in plants treated with
2, 4=b herbicides,

Several reports of acute poisoning in cattle due to

ingestion of A. retroflexus are available (Sradley et al.
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1940; Brakenridge 1956; Cursack and Romano 1967; Egyed and
Miller 1963; Kingsbury 1964; Muenscher 1951). These work=-
ers have associated the acute death in ruminants with the
high nitrate content of Amaranthus sp. One report of
poisoning in cattle from eating 4. retroflexus has included
lesions of perirenal edema (Jeppesen 1966). Cursack and
Romano (1967) also reported perirenal edema and ascites in
subacute poisoning from A. hybridus L. var. quitensis.

The second weed incriminated as a cause of perirenal
edema in swine (Buck et al. 1966) is Chenopodium glbum
(Lamb's quarters). The nitrate content of C. aglbum has also
been reported to approach dangerous levels (Gilbert et al.
1946; Kingsbury 1964; Muenscher 1351; Olson and Whitehead
1940; Whitehead and Maxon 1952)., Gilbert et al, (1946)
found the nitrate content of‘g. album as high as 6.5 percent
KNU3.

Some implication of the possible role of oxalates as a
factor in the production of perirenal edema has been sug=-
gested (Buck et al, 1966). Oxalate crystals were observed
by microscopic cbservation of kidney sections from field
cases of perirenal edema. At least two members of the

genus Amaranthus have been reported high in oxalete content,

srivastava and Krishnan (1959) reported the total oxalate

content of leaves from Amaranthus ganceticus to be 15,41
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percent of the plant on a dry weight basis., <1hose same
workers reported only 4.41 percent water soluble oxalate
on a dry weight basis. ilarshall et al., (1967) found oxa~-
late levels varying from 12.61 percent to 30.75 percent of

the dry weight in A. retroflexus collected in Iowa. These

are comparable or higher oxalate levels than those reported

for Halogeton glomeratus (Bieb.) C. A, Mey (Kingsbury 1964)

and for uxalis cernug Thumb, {Dodson 1959),

iinlozeton and other oxalate poisonings have been de-
scribed (Clarke and Clarke 1967: Kwatra and Khera 1965),.
A common effect of acute oxalate poisoning has been the
lowering of blood calcium due to formation of insoluble
calcium oxalate, OUxalate crystals are observed in renal
tubules during histopathologic examination. Anderson (1957)
experimentally produced iiglogeton poisoning in a ewe by
feeding the dried plant, Lesions described included ex=-
cessive fluid in the peritoneal cavity, congestion of the
liver and kidney and edema between the rumen and abomasum,
Histologic examination revealed casts and oxalate crystals

in tubular lumens. DUodson (1959), in studying Oxalis cernua,

produced poisoning in sheep by direct introduction of oxalic
acid into the abomasum. FPost mortem lesions were those of
hemorrhagic and edematous kidneys. Ilicroscopicelly, renal

tubules appeared blocked with calcium oxalate crystals.

Stewart and iiacCallum (1944) reported large rises in serum
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non=-protein nitrozen in horses poisoned with various oxa-
late salts. Kwatra and Khera (1965) fed potassium oxalate
to cattle, wNo gross lesions were observed at post mortem,
Microscopic examination revealed increased cellularity of
glomerular tufts, varieble numbers cf eosinophilic glotular
masses in Bowman's capsules, and presence of eosinophilic
masses and crystals of calcium salts and triple phesphate
in the tubular lumina, Mild interstitial connective tissue
proliferation was seen in later stages. Legenergtive
changes in the renal tubules zenerally involved the entire
kidney, not being confined to the tubules that showed the

presence of calcium oxalate crystals, Intratubular calcium

oxalate crystals were demonstrated in only a few cases,
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EXPERIMENTAL PROCEDURL

rrocurement and Care of Swine

The swine used were purchased from the Iowa State Uni-

versity Swine Nutrition ierd. All pigs were of Yorkshire-

Landrace and Poland China parentage and weighed 20 [ 3 kg.

o effort was made to select for bloodline, sex or litter

origin,

The pigs were given a ration supplied by the lowa 3tate

University Animal Science Department. The ration was identi-

cal to that supplied to the pigs before purchase and con-

sisted of the following ingredients:
Ground yellow corn
Soy bean oil meal (50% protein)
Calcium carbonate
Dicalcium phosphate
lodized salt
Irace mineral premix

Vitamin premix

Total

lhe vitamin premix and ration supplied the following levels

of vitamins:

18,25
18,50
0.90
L. 25
0.50
0.10
0.50

1bs
1b,
1b.
lb.
1b,
1b.
1b.

100,00

1b.
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Fremix Ration
Vitamin A 750 1.U./1b. diet 782 1.U./1b, diet
Vitamin D 300 I.U./1b, dlet ———
Riboflavin 2.00 mg./1b, diet 0.61 mg./1b,
Fentothenic acid 4,00 mg./1lb, diet 2,83 mg,/1b,
Niacin 9.50 mg./1b, diet 919 mg. 1,
Choline 10 mg,/1b. diet 397.00 mg./1b.
Vitamin By 10.00 meg./lb. diet ———

All animals were clinically normal. All swine used
were given 40 cc. of anti-hog cholera serum, subcutaneously,
prior to the initiation of the experiments. The pigs were
allowed to spend one week in the holding pens prior to
initiation of feeding trials in order to acclimate them

to the new surroundings.
Design of the Experiment

lhe pigs were divided into groups of six each and each
group kept together in six-foot by ten-foot concrete-ifloored
pens, After the one-week acclimatization periocd, blood
samples were drawn from the antericr vena cava of each pig
for hematologic and clinical chemistry examination. After
the initial blood sample was drawn, pigs were subjected to
the various weed feeding trials. All animals in each group

were allowed free access to weeds for five days, during

which time no other feed was made available, 4&fter five days
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access to weeds, plgs were returned to a diet consisting
only of the original complete ground-mixed feed. During
the entire experiment, fresh water was available daily.
Five days after being returned to feed, the swine were
either euthanatized or discontinued for that experiment,

During the entire ten days of each trial, blood sam=-
ples were drawn initially and at the fifth and tenth day
via anterior vena cava venlpuncture., Evaluations made upon
the various zroups to determine the effects of weeds upon
the pigs were as follows:

l. Clinical signs characteristic of naturally

occurring perirenal edema

2. Gross lesions at necropsy

3. ristopathologic lesions

4, Clinical chemistry and hematologic changes

5. Electrocardiographic (iKG) alterations

During August and early September of 1966, the feeding
trlals were conducted using three weeds and certain other
modifications of the weeds. The following data indicate
the identification of the pigs and the type of weed or

treatment used:

cig
number Type of weed Disposition of weed

1
2
3
&4
5
6

Amaranthus retroflexus
" H I'ed ad 1lib.;.
" 3 fresh, cut
" o twice daily




Pig
number

10
11l
12

13
14
15
16
17
18
19
20
21
22
23
24
25
20
27
28
30
10

11
14

18
10
18
31

32
35

33
34
36

19

Iype of weed

Kochia scoparia .,chrad.
1 n

" "
1 Al
L1 "
n "

Chenopodium album
n 11

" "n
" "
" n
n L1

Amaranthus retroiflexus
n

. L1
L] "
" n
L] 1
" n

Amaranthus retroflexus
11 1"

n n
L n
i L]
L1 n

Amaranthus retroflexus
it 11

n "
i "

" "
] i

smaranthus retroflexus
i n

I "

Amaranthus retroflexus
1] i

LU n

Amaranthus retroflexus
if 1

Disposition of weed

Fed ad 1lib.;
fresh, cut
twice daily

Fed ad lib,;
fresh, cut
twice daily

Fed ad lib.;
fresh, cut
twice daily

Water extract

Swine retained from tri-
als with ¢. albumn and L.
scoparia, subjected to
fresh A. retroflexus

Survivors from the pre=
vious group were given
fresh 4., retroflexus after
a two-week recovery period

Fed ad 1lib. the solid resi-
due from the water extrac-
tion procedure

Fed ad 1ib, a 30 to 1
concentration of water
extract '
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Additional trials conducted during August and Septem=

ber of 1967 were as follows:

Pig

number Type of weed Disposition of weed
¥1.3 Amaranthus retroflexus fed ad lib,,
914 u " fresh, cut
915 " L twice daily
916 L 1
917 0 ]
918 n n
219 Amaranthus retroflexus Fed ad 1lib, a dried
920 " " and ground prepara-
921 " " tion of Amaranthus
922 " L retroflexus leaves
Q23 ] " -
924 " n
919 Amaranthus retroflexus Fed fresh Amaranthus
921 " " retroflexus ad 1lib.
922 " " aiter a two-week wait-
¥23 " " ing period from the
24 " 1" previous trial

Collection and Preparation of Weeds

61l weeds fed fresh were hand cut and gathered twice
daily from farmyards near Awmes, iowa. &ll pigs used in 1966
were fed with weeds from two locations, Ln both 1960 and
1967 the weeds gathered were froin ebandoned pig lots or cat-
tle lots. weeds were identified and sorted to insure homo=-
genicty of tihe samples. rens were cleaned and fresli weed
was supplied twice daily.

rreparation of the water extract was accomplished by

grinding the fresh leaves of fmaranthus retroflexus in a

sausage mill and then soaking the ground preparaticn in water
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for 14 to 16 hours, A filtrete was then made by passing

the material through successive layers of cheesecloth

and finally filter paper until a clear greenish-colored

liquid was obtained, Twice the estimated daily intake

of weeds was extracted in the calculated water needs of

a group of six 22 Keg. pigs. The animals were then given

access only to the water extract for the five-day period.
The concentrated water extract wss fed to three pipgs,

A dilute extract was prepared as above. 1he fluid volume

was then reduced thirty times by low temperature wvacuum

distillation.l The resultant concentrated water extract

was stored at 379 (4°C) until its use,

Amaranthus retroflexus collected in 1966 was dried,

ground and fed to six pigs the following year.

Characterization of Clinical Signs

Swine were observed at least four times dagily and
clinical abnormalities noted., Changes characteristic of
field cases of perirenal edema were recorded and given a
nunerical classification as follows:

0 Clinically normal

1 Mild depression, lethargy, decreased activity

2 Disturbance in gait, mild ataxia or knuckling

Lvacuum evaporator, courtesy Dept, of Dairy Industry,
lowa State University, Ames, lowa.
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3 Unwilling to rise, but can if stimulated

4 Unable to rise even if stimulated; flaccid paralysis
5 Death

E Euthanasia

ivecropsy and aistopathologic rrocedures

Necropsy examinations were performed zfter desth or
after euthanasia on the tenth day of the trial, Portions
from the brain, stomach, duodenum, ileum, colon, lung,
aorta, renal artery, liver, kidney, spleen, adrenal gland,
heart, skeletal muscle and lymph nodes were fixed in ten
percent buffered formalin solution, They were dehydrated
in ethyl eslcohol, cleared in xylene and embedded in paraf-
fin, Sections were cut at six microns and stained with

hematoxylin and eosin.

Mematology and Clinical Chiemistry

Blood and serum specimens collected during 19266 were

analyzed and processed for the following:

(L) 3erum calcium mz,. /100 ml,
{(2) Serum magnesium mg./100 ml,
(3) serum sodium Mg e/ iee

(4) Serum potassium mBq el s

{5) Uerum inorganic phosphate mg./100 nl,
(6) serun glutamic oxalacetic-transaminase-sigma units
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(7) Blood urea nitrogen mg./100 ml.
(8) Leucocytes/cubic mm,

(9) Packed cell volume percent
(10) Hemoglobin ‘ grams/lOO ml.,
In 1967, all tests performed utilized serum. Those

analyses included the following:

(1) 3erum calcium mg./100 ml.
(2) serum magnesium mg./100 ml,
(3) serum sodium mEq./L.

(4) Serum potassium mEq./L.

(5) Serum inorganic phosphate mg./100 ml,
(6) serum chloride miq./L.

(7) Serum urea nitrogen mg./100 ml,
(8) Serum creatinine mg./100 ml,
(9) Serum total protein grams/100 ml,
(10) Serum albumin grams/100 ml,
(11) serum globulin grams/100 ml,

(12) Serum glutamic oxalacetice-transaminase-sigma units

All serum cations were determined using atomic ab-
sorption spectroPhotometry.l

The determination of serum inorganic phosphorous was
made according to the colorometric procedure described by

Fiske and Subbarow (1925). Chloride values were found

Liodel 303 Spectrophotometer, Perkin-Elmer Corporation,
Norwich, Connecticut,
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according to the method of Schales and Schales (1941).1
Blood urea nitrogen levels were obtained following the -
determination reported by Chaney and Marbach (1962), Serum
creatinine was measured by a modification of the (folin-Wu
technique as described by Davidsohn and Wells (1363). The
colorometric determination of serum glutamic oxalacetic
transaminase was accomplished by a modification of the
method of Reitman and Frankel (1957).2

The improved Biuret Ferro-liam modification was employed
for determination of total protein and albumin-globulin
ratios.2

Hemoglobin determinations were by the cyanmethemo-
globin method (EBenjamin 1961), Facked cell volume was
measured using micro-hematocrit tubes according to the pro=-

cedure described by Benjamin (1961). Leucocyte counts were

done according to a standard method (Benjamin, 1961).
Electrocardiographic Studies

Electrocardiographic (EKG) recordings were made from
pigs clinically affected in various stages of the peri-
renal edema syndrome. Recordings were made, with the ex=-
ceptions noted, while swine were suspended in an upright

position with a canvas or muslin sling. Standard limb

1

Sigma leagents Kit, Sigma Chemical Co., 5t. Louis, l.0,

2Dade Reagents Inc., Manual of Clinical Chemistry FPro-
cedures, Miami, Florida.
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leads I, 11 and 11l were employed using 27 zauge steccl
needle electrodes.1 Calibration for amplitude was at 1
millivolt per centimeter., A paper speed of 2.5 cm, per
second was used, Vhen pigs were extremely flaccid or
when death was imminent, lateral recumbency was the posi-

tion =sllowed,
statistical Analysis

Clinical chemistry changes were tested for statistical
significance.2 Swine fed Amarsnthus retroflexiic were com=

pared to composite values for those fed Chenopodium glbum

and Kochig scoparis. Thus the latter two groups served

as controls, receiving 3 diet similar to those fed pigweed,
Numerical values for each group were computed from a least

square analysis which tock into account missing data due to
death of pigs. Significance of variance was determined using
the F test method (i/ine 1964)., OUnly those values significant
at the 0,05 level or less were considered.

Correlations between clinical chemistry variables were
determined using gtudent's 1 test (iine 1964), Unly those
correlations showing more than a % 0,40 level of relationship

were considered of value for this work.

1 3 Ea R ! A . s N act
sanborn rodel J1 Viso Jardiett, sanborn Jorp., walthan,
Massachusettes,

3 . .
“3tatistical Laboratory, lowa State university, Ames,
Iowa.
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RESULTS

Five primary categories of information were included
in the data recorded from this project. Evidence of peri-
renal edema was based upon (1) clinical signs exhibited in
affected pigs, (2) gross lesions at necropsy, (3) micro=-
scopic lesions under hematoxylin and eosin staining, (4)
clinical chemistry changes at specified times, and (5)
electrocardiographic changes in affected pigs compared to

normal swine.,
Clinical Signs

Fifty-two pigs were used in the wvarious trials. Of &
total of 24 swine fed fresh Amaranthus retroflexus, all 24
developed some degree of clinical signs within a ten~day
period., Eight of these 24 swine died within the ten-day
period. Of 12 pigs allowed to live past the ten-day limit,
a total of 8 died within 20 days. All swine fed various

preparations of A. retroflexus, including dried weed, water

extracted weed, water extract reslidue and concentrated
water extract agppeared clinically normal with respect to
signs relating to perirenal edema for the entire observation

period., Of 12 swine fed Chenopodium glbum or Kochia

scoparia, none were affected clinically with signs similar

to those fed A. retroflexus. 7The results of trials conducted
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with various weeds and preparations are summarized in Table
1. At the end of the trisl for K. scoparia and C. glbum, .
three of the unaffected pigs from each group were fed A.
retroflexus. All six developed clinical signs of perirenal
edema and two of that group died, Five swine unaffected
clinically by a dried preparation of pigweed, were poisoned
after five days ingestion of fresh pigweed.

The clinical signs and course of experimental peri=-
renal edema commenced from three to seven days after initi-
ation of a trial. Prior to onset of observable signs,
intake of the plant (A. retroflexus) or feed decreased
markedly., Generalized mild depression was commonly ob=-
served or occurred concurrently with a mild ataxia or
lknuckling of the tarsal-metatarsal joints, most prominent in
the posterior quarters. The backs of pigs were often arched
and a noticable slump or depression occurred posterior to the
scapulae, Early mild ataxia often progressed to posterior
paresis characterized by a crouching gait with flexicn of
the femoral=-tibial and tibial-tarsal joints., Pigs would
occasionally drag their posterior portions along the floor
by means of the relatively unaffected front legs. IHMuscle
tremors were common, particularly when the animals first
arose. However, neither convulsions nor hyperesthesia were

observed in any affected swine, Affected swine were gener=-

ally alert and aware of their environment.
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Table 1. Incidence of clinical signs and death in swine
fed various weeds

Number Number

Duration fHumber of of
of obser- clini=- deaths deaths
vation cally within within
Type of trial in days affected 10 days 20 days
: Amaranthus
' retrof lexus 10 6/6 2/6
A._retroflexus 20 6/6 3/6 6/6
Q% retrof lexus
after K. scoparia
and C. album 10 6/6 2/6
A. retroflexus 20 6/6 1/6 2/6
A, retroflexus=-
after dried
weed trial 10 5/5 4/5
! 4. retroflexus-
refed after previous
plgweed 10 0/3 /3
A. retroflexus=-
dried 20 0/6 0/6 0/6
A. retroflexus-
(water extract) 10 0/6 0/6
A. retroflexus~
concentrated
water extract 10 /3 /3
A. retroflexus-
residue of
water extract 10 0/3 0/3
Kechia scoparia 10 0/6 0/6

Chenopodium album 10 g/6 0/6

v o
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Sericusly ill pigzs preferred to lie in sternsgl recum=-
bency and often could not be aroused from that position
(Figure 1),

‘IThe course of the disease from onset to death was
quite variable. There was often spontaneous remission of
severe clinical signs, while other swine in apparent good
health would terminate within four to six hours, The time
sequence of clinical signs and death in pigs fed &. petro-
flexus is given in Iable 2., The nature of the paralysis
seems best described as nearly complete inuscle atony or
weakness., J3everely diseased animals lacked muscle tone
and body strength, 1lhe zppearance of many swine was 3imi-
lar to the effects seen from general anesthesia.

411 swine fed k., gcoparie and . album remained active
and in apparent good health, A mild greenish diarrhea was
observed from the seccond to fifth day of the trial. This
looseness of stool stopped when swine were returned to
the grower ration,

ilo clinical signs of perirenal edema were seen in

swine fed water extracts or extract residue of 4. retroflexus

Dried pigweed was fed with no observable clinical effects
upon pigs.
In those sroups fed pigweed and allowed to live longer

than ten days, the majority either died or made an apparent

recovery within an additional ten days. Only one pig




Figure 1. Characteristic posture and attitude of swine
fed Amaranthus retroflexus







Table 2. Onset of clinical signs and death in swine fed Amaranthus retroflexus

Pig Day of trial
Treatment number | 2 3 4 9 6 7 8 9 10
Fresh A. retroflexus 1 08 0 0 0 1P = g4 2 1 5
2 0O o0 0 2 1 2 o 0 0 o0-&f
3 0 0 0 3 48 5
4 0 0 V] 0 2 ¥ 2 0 0 0-E
5 0 0 0 0 0 1 0 0 0 0=-E
€ 0 0 0 2 3 | 2 2 2 5
" A. retroflexus refed 9 0 9 0 1 4 0 1 0 0 0-E
after K. scoparia and 10 0 0 0 1 4 3 4 0 0 0
C. album 1l 0 0 0 2 4 0 0 0 5
14 0 ) 0 0 4 )
16 0 0 0 0 0 0 1 0 0 0
18 0 0 0 0 ] 0 1 0 0 0
A. retroflexus = 19 0 0 0 0 0 2 0 0 0 0
allowed to live 20 0 0 0 0 2 1 0 0 0 0
21 0 0 0 0 4 4,5
22 0 0 0 0 3 2 3 5
23 0 0 0 0 0 3 2 0 0 0
24 0 0 0 0 2 1 0 4,5
B Clinically normal
Pj- rild depression, lethargy, decreased activity
€3= Unwilling to rise, but can if stimulated
g = bListurbance in gait, mild ataxia or knuckling

= Death
fE: Euthanasia
84= Unableto rise even if stimulated; flaccid paralysis

(49



Table 2. (Continued)

Pig

Day of trial

Traatment number i 2 3 4 5 6 8 9 10

Fresh A. retroflexus 913 0 0 0 2 1 1 0 4 3 5
14 0 0 0 2 4 2 L 1 0 0
2l o 0 0 0 2 3 1 0 0 0 0
916 0 4 0 0 0 U 0 4 U 0=t
917 0 0 0 1 2 4 L 2 0 0
918 0 0 0 4] 0 0 0 4 1 0=_L

Fresh A. retroflexus 919 0 0 0 0 0 2 3 5

following dry A. re- 921 0 0 0 0 0 2 3 5

troflexus 922 0 J 0 0 0 1 1 5
923 0 0 0 0 0 2 3=
924 0 0 0 0 0 1 2 3 2 0=

EE
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(Number 914) developed evidence of chronic sequelae to
the disease., This pig developed a very enlarged and dis-
tended abdomen and continued to excrete large amounts of

dilute urine,
Gross Lesions at Necropsy

'Ihe gross pathologic changes considered as evidence of
the toxic effect of the various weeds were easily recognized
at necropsy. When present, gross lesions were invariably
severe and extensive in nature. OUnly swine fed fresh A.

retroflexus or the residue of a water extract of pigweed

developed recognizable gross lesions compatible with those
observed in field cases. The K., scoparia, C. album, water
extract, and dried plgweed groups did not have gross lesions,
The most common gross tissue changes and their relative
frequency of occurrence in individual swine are summarized
(Téble 3). The characteristic lesions observed included
large amounts (150-400 ml,) of clear, straw=-colored thoracic
fluid and moderately increased amounts of pericardial fluid
(Figure 2), The heart was generally in diastole, with dila-
tation of ventricles both of which were filled with clotted
blood., Anterior ventral atelectasis was commonly observed
in swine with hydrothorax. The liver was normal in appear=-

ance but moderately congested., Subcutaneous and intermus-

cular abdominal edema was marked and sometimes extended




Table 3, Incidence and distribution of gross lesions in swine fed
smaranthus retroflexus

idema Edema-
of uri- tous or
nary Edema hemor -
tdema bladder of meso- rhagic
lype Pig of ab- reri- Kenal and rectum renal
of nun= ydro= dominal renal hemor- liga- or meso- lymph
trial ber thorax Ascites wall edema rhage ments colon nodes
Amaranthus 2 + 4 + +
retroflexus 2 + + + + +
3 + 4 + - +
4 + + + +
5 4 +
+ + + + + +
A. retro- 9 + +
flexus after 1l + + + + +
K. scoparia 14 4 +
and C. albun
4. retro- L9 + + + +
flexus 21 + + + 4 +
21 + < - + + + +
22 - + + + + + +
23 & +
25 + < + + + +

SE



Table 3. (Coatinued)
Edema tdema=-
of uri- tous or
narcy Edema hemor-
Ecema bladder of meso-~ rhagic
Type Fig of ab=- Peri- Renal and rectum renal
of num= liydro=- dominal renal hemor- liga- or meso~ lymph
trial ber thorax Ascites wall edema rhaze ments colon nodes
A. cetro- 913 + - - + +
flexus 914 +
915 +
916 + +
917 + + +
918 + +
A. retro- 919 + + +
flexus after 921 + + + + + + + +
dried 4. re- 922 & + + + + +
923 + + + + +

troflexus

9¢



Figure 2. Thoracic cavity of pig fed Amaranthus retroflexus,
illustrating larse amount of thoracic fluid

i erirenal edema and retroperitoneesl henorrhage
in a pig fed Amaranthus retroflexus
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posteriorly to the ingulnal area and anteriorly to the
axillae. Upon entry of the abdomingzl cavity, ascites was
commonly encountered. In no instance was the abdominal flu=-
id tinged with blodd.

Cne or both kidneys were surrounded by from one to
five cc. of gelatinous edema (Figure 3). The location of
the edema was retro~peritoneal, but exterior to the capsule
of the kidney. The consisgtency of the edema varied from
clear fluid contained in a retro-peritoneal sac to firm
jelly=-like coagulated material interspersed with numerous
trabeculae of fibrin-like material. The perirenal edema
was often extensive and encompassed the renal pelvis, adrenal
glands, and ureters, kEdema also extended to the urinary
bladder involving the walls of that organ and its suspensory
ligaments, Subserosal edema of the rectum, mesorectum and
terminal colon was common. In females, mesometrial edema
was regularly observed., Gross edema was found in inguinal,
iliac and renal lymph nodes. The edema present was found
to be blood tinged in a number of swine. In general, those
swine living a more protracted course contained blood=-
tinged fluids in the edematous areas.

The affected kidneys appeared pale and ischemic, Fe-

techial or ecchymotic hemorrhages were present in many cases.
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Histopathologic Lesions

Mmicroscopic renal lesions were present in all swine fed

fresh A. retroflexus., [lilder but similar lesions were ob-

served in swine fed water extracts of pigweeds, dried pig-
weed, ard the residue from water extractior procedures,
Evidence of histologic changes was not found in swine
euthanatized from the K. scoparia and C. glbum groups., Con=-
sistent and pertinent microscopic lesions were not observed
in other tissues saved for examination. E£dema was recog-
nized microscopically in those tissues observed as edema=
tous grossly, but lesions relating to specific damage in
organs other than the kidneys were not seen,

The pattern of histologic renal damage in swine fed
A. retroflexus is summarized in Table 4., In those animals
dying after a clinical course of less than four days, the
microscopic lesion was characterized by tubular coagulative
necrosis, intratubular hyaline casts and sloughing of prox-
imal and distal tubular epithelium, The damage to tubular
epithelium was characterized by many degrees of degenerative
changes, including cloudy swelling, hydropic degeneration,
hyaline droplet degeneration and finally coagulative necro=-
sis (Figure 4), Islands of necrotic tubules could be ob=-
served in the midst of'relatively normal convoluted and col-

lecting tubules, Necrotic tubule cells were often detached

from the basement membrane and clumped together in an




Table 4, Distribution and severity of histopathologic renal
fed Amaranthus retroflexus

lesions in swine

bilata-
slough- Disrup- tion of Inter=-
Iubular fiyvaline ing of tion of tubules stitial

Kegener-
ation

Pig degener- intra- tubular basgement and inflam=- of tub- Intersti-
num- ation and tubular epithe- mem- Zowman's matory ular epi-tial fi-
ber necrosis casts Lium branes capsule response thelium brosis
1 - + + + N s

2 B 4 4 4 o +

3 o 1 44

4 + + 4 o e G

5 + + Ens ++ + +

& + + + + 4 +

9 + ++
1l + 4 4 o+ +

14 dr ¥ +

10 A 44 4+
16 +4+4 ++ b
18 + e
13 + 1 4 5
29 - + + + 4
2% Hr 4

22 g +

23 T+ ¥ 4

24 +4 + + 4

184



Table 4, (Continued)

Dilata=-
slough- Disrup=- tion of inter- Regener-

Tubular Hyaline 1ing of tion of tubules stitial ation
Pig degener- intra- tubular basement and inflam- of tub- Intersti-
nun=- ation and tubular epithe- mem=- Bowman's matory ular epi- tial fi-
ber necrosis casts lium branes capsule response thelium brosis
913 " + + + + -
914 + + + + 44
915 + +4 ++ + ++
916 + + 4+ 4 o + S
917 + + + + + i
918 + + Foa o+ 4 +
913 + + - + + +
920 + + +
921 ++ + ++ + +
922 +— 4+ 4 + +
923 4+ Eas B s + *
924 - + + +




Fisure 4, Appearance of renal cortex with foci of necrotic

tubules in swine fed Amaranthus retroflexus, i & E,
X 140

Y

ripure 5. «enal cortex of pig fed Lmaranthus retroflexus,

showing tubular coagulative necrosis and desqua-
mated epithelial cells. H & £. X 440
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amorphous, eosinophilic mass (Figure 5). Humerous hyaline
casts were present within the lumens of the collecting tu-
bules and ducts (Figure 6), Droplets of eosinophilic stain=-
ing material coulﬁ also be found within the glomerular
space., Interstitial inflammatory response and tubular di-
latation were not characteristic lesions in swine dying less
than four days after onset of clinical signs.
Characteristic changes were observed in swine living a
clinical course longer than four days. In subacute or
chronic stages there was little evidence of acute tubular
necrosis., Large foci of tubular epithelium were denuded,
leaving only the basement membrane of the nephron, In many
cases the basement membrane was ruptured so that many tu-
bular lumina were coalesced to form one large cystic space
(Figure 7)., Commonly, these cystic ereas could be observed
leading directly to the surface of the renal parenchyma.
Cysts could be observed beneath the capsule of the kidney,
often in direct communication with the dilated tubules and
ruptured basement membranes (i'igures 7, 8 and 9). Pink
staining material often filled the subcapsular cystic areas.
Subcapsular hemorrhage was also commonly observed. Those
tubules not denuded of epithelium were markedly dilated
as were the periglomerular spaces (Figure 10), he basement

membranes of many tubules were lined with a flat squamous

epithelium which appeared to be a regenerative stage of the




Figure 6, Intratubular hyaline casts 1in kidney of pig fed
Amgranthus retroflexus. H & E. X 220

Figure 7. Section of renal cortex demonstrating tubular
dilatation and disruption of basement menbranes
with development of subcapsular cysts. H & E.
X 140
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Fisure 3, Section of renal cortex containing larce sub-
capsular cystic areas. b & L. 4 14U
Fimure 9, 3Section of renal cortex with evidence of fluid

and erythrocyte passage to a cystic space. H & E,
. 4 40
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Figure 10.

Figure 11,

section of renal cortex demonstrating tubular
dilatation, focal inflammatory response and
fibrosis in kidneys of swine fed Amaranthus

retroflexus, I « E. A 140

Section of renal cortex with dilated tubules
and flat regenerating tubular epithelium in
kidneys of swine fed Amaranthus retroflexus.

H & E. X 560
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tubular epithelium (Figure 11), Multiple focal monoauclear
call accumulations characterized the interstitial inflamma-
tory response associated with a more protracted course of
disease (Figure 10), TFibroplasia was evident in kidneys
of those animals recovered from the acute disease.
Microscopic lesions were seen in kidneys of one pig fed
a water extract of A. retroflexus, There was mild tubular
dilatation, necrosis and sloughing of tubular epithelial
cells, Moderate fatty change was observed in the liver of
this pig.
Lesions of tubular coazgulative necrosis and intratubular
hyaline casts were present in the kidneys of swine fed dried

A. retroflexus. Some sloughing and subsequent regeneration

of tubular epithelium was observed., Similar lesions were
found upon microscopic examination of kidneys from swine
fed the residue of the pigweed water extraction. Additional
lesions present in the residue group were an interstitial

inflammatory response and subcapsular hemorrhages.

Clinical Chemistry

Clinical chemistry and hematologic studies were followed
in all groups fed various diets in this project. Serum
electrolyte values and serum constituents indicative of

renal function were determined prior to beginning a trial,

at five days and at ten days or termination where possible,
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Serum sodium

serun sodium values consistently were depressed in

suvine fed fresh 4. retroflexus, sodium levels were consis-

1

tently lover in swine fed A. retroflexus than theose fed L.

scoparia and C. album. The lower levels of serum sodium

were usually evident by the fifth day of a trial., The ef-
i fect of wvarious trials upon serumn sodium is summarized in
Tables 5, 6 and 7, {. scoparia, C. album and dried 4, re-

did not cause significant decrease in serun sodium

.
P
Q
r--tl
9
o
[
(&)

Serum potasgium

Swine affected clinically with signs of the perirenal
edema condition experienced large increases in serum levels

of potassium, All groups fed A. retroflexus in the fresh

state had significantly higher (0.05 level) serum potassium
levels than those swine fed K. scoparia, C. album, or grain
ration, A marked rise in serum potassium was observed in

the group fed a water extract of the pigweed. Tables 5, 6
and 7 list the mean values of serum potassium for swine fed

various diets.

| serum calcium

significant changes in serum calcium values were not

recorded for the groups fed various diets, The k. scoparia




lable 5, I[iean serum electrolyte values in swine fed amaranthus retroflexus - 1966

Type Dey Number Na K Ca Mg FO,
of of of
trial trial pigs mEq/L. miq/L. mg./100 ml. mg./100 ml. mg./100 ml,
Amgranthus 0 6 144 .0 Y55 11,68 2.90 10,25
retroflexus 5 6 137.2 3.66 11,53 4.48 9,23
10 " 138.6 10,62 12.32 3,68 8.45
Ho. retro- 8] 6 147.0 6,70 11.34 2.79 3.90
flaxus after 5 6 139.6 14,98 11.66 3.80 9,03
K. scoparia 10 5 139.6 9.48 13.10 3.20 9,20
and C. aglbum
A. retro- 0 6 154.,2 6.10 10,90 Z. 61 9.7
flexus 5 6 129.7 11.61 22.1E1 2.78 11.43
10 3 131.2 14,26 10.49 3 .00 10,26
A. retro- 0 5 154,0 6.41 11.97 2.5 12.48
flexus - 5 6 1512 7.42 12.24 2.67 8,63
water 10 5 144 .2 8.61 12.16 2.48 213

extract

©s




Table 6.

ilean serum electrolyte values in swine fed Amaranthus retroflexus - 1967

Dume
Tyne vay ber Na K va g PO, CL
of of of rng./100 wg./100 mg./100

trial trial pigs miq/L. mEq/L. mi. ml, ml, mEq/L.
Amaranthus 0 ) 144 ,2 6.23 10,72 2.96 9.3 105.3
retroflexus 3 6 143,7 6.62 11.62 3.84 6.93 97.5
5 6 132.3 9,04 11,79 4.41 6.68 84,9
8 6 134.,9 10.74 10,70 4.60 6.60 84,1
10 5 140,9 7.93 2.85 4,10 7:22 87.3
Amarantiwus 0 6 145.4 5.3% 10,36 2.81 9.18 107.4
retroflexus 3 6 143,.2 6.7} 11.54 327 7.85 98.5
- dried o 6 142,1 6.42 11.66 9 3 7.80 97.0
8 6 147.1 5.88 11.33 3.14 6,38 102.3
10 6 145,1 6.19 11,29 3.12 7.61 103.9
Amaranthus 0 5 1505 6.45 11,95 2.91 6.66 106,0
retrof lexus 5 4 131.3 7.33 10,40 4,12 6.78 94.6
after dried 3 2 129.4 14,40 12.63 5.61 D 9.7
plant 10 1 137.0 9.22 14,25 4,45 4,70 iT:5

19



1-ble 7. lean serun electrolyte levels in swine fed various diets

Day Number Na K Ca A P04 Cl

Type of of mg./100 mg,/100 mg,/100
of trial trial pigs miq/L. mEq/L. ml, ml, ml., mEq/L.
16% protein 0 6 149.0 5.88 11,33 2.90 11,80 ¥93.7
all grain 5 6 147.1 5.86 10,45 2.87 10,2 108.1
ration 10 6 143.1 o P 4 10,83 2.83 9.1 108.8
Kochia 0 6 149.,7 6.63 13,13 2.90 8.9 -
scoparig 5 6 141.8 6.75 13.33 2:91 6,93 -

10 6 142,8 7,15 13,13 2.68 8.85 -
Chenonodium 0 6 144.,3 7.3 10.838 2,86 8.41 --
alburn 5 6 140.8 7.45 13.46 3.10 7«81 -

10 6 138.5 I 13.30 3.14 Fe23 -

9s
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and C. album groups tended to have higher serum calcium

values than did the other groups studied (Table 7).

gerum inorganic phosphorus
Inorganic phosphorus serum levels varied greatly among

groups. However, trends in levels of serum phosphorus and

significant changes could not be demonstrated.

Serum chloride

Marked decreases were observed in serum chloride levels

for 12 pigs fed A. retroflexus (Table 6),

Hemagtologi¢c changes

Leucocyte counts were significantly different (0,05
level) in swine fed A. retroflexus when compared to those
fed K. scoparia and C. glbum, Leucocyte numbers tended to
increase markedly in the K, scoparig and C. glbum groups

(Table 9), However, values for leucocytes in those two

groups remained within normal values for swine of that age
(Benjamin 1961)., Packed cell volume (PCV) decreased moder-
ately in swine fed A. retroflexus (Table 8) while the PCV

for swine fed K. scoparia and C. glbum increased slightly
(Table 9)., A similar relationship of decreasing hemoglobin

values in swine fed pigweed as compared to increasing hemo=-
globin levels in swine fed K. gcoparig and C. glbum was ob-

served (Tables 8 and 9).




Table 8, riean hematologic and serum non-electrolyte values in swine fed
Amgranthus retroflexus

iype vay tlumber SGOT BUN

of of of sigma mg/ Leucocytes Hemoglobin
trial trial pigs units 100 ml, J/mm PCV(%) gm/100 ml,
Amaranthus 0 6 56.0 10,7 13,900 43 13.8
retroflexus 5 6 89.0 206.0 12,500 38 i e
1-6 10 5 21.0 187.0 16,800 34 10.8
mgranthus re- 0 6 48,0 9.4 12,600 37 11.6
troflexus after 5 6 87.0 42,3 15,200 38 11.4
Kochig scoparia 10 5 73.0 134.0 15,000 33 10.9
and Chenopodium
album
Amaranthus 0 6 21,0 12,6 14,700 37 10.8
retroflexus 5 6 48,0 87.2 13,600 35 10.6
19-24 10 3 28,0 260.3 14,500 36 9.6
Amaranthus 0 6 49,7 11.8 13,400 36 11.3
retroflexus 3 6 51,3 56.8 16,800 39 12.6
water extract 10 6 60,0 D26 16,000 36 12.0

8¢




Table 9, iiean hematologic and serum non-electrolyte values in swine fed
various diets

Crea=- Total Hemo=-

Day Humber S5SGOT BUN tinine protein Leuco- globin

Type of of sigma mg,/100 mg./100 gm,/100 cytegs gm/100
of trial trial pigs  units ml. ml, ml, /mm FCV(%) ml.
All bran, 0 6 54,0 9.8 1.0 4,7 12,100 36 10.9
16/ protein 5 6 49,0 13.6 1.1 5,3 13,200 39 11.3
grower ration 10 6 44,0 17.7 P 5.2 14,500 37 11.1
Kochia 0 6 51.7  15.4 - - 11,000 37 10,8
scoparia 5 6 50.6 9.9 - " 15,800 36  12.2
10 6 64,4 12.4 - - 19,800 38 11.8
Chenopodium 0 6 41,6 v g - - 10,900 37 10,6
album 5 6 41,0 16.6 - - 13,800 37 12.3
10 6 42,5 17.0 - - 21,600 40 123

6S
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Serum non=~electrolytes

Four serum non-electrolytes were followed in wvarious
groups of swine., They were Blood Urea Nitrogen (BUN),
creatinine, serum glutamic oxalacetic-transaminase (SGO~T)
and serum total protein, Very large, significant rises in
blood urea nitrogen occurred in each group fed fresh j.

retroflexus for the first time (Tables 8 and 9). A signi=-

ficant (0,05 level) but smaller rise in blood urea nitro=-
gen was recorded for swine fed a water extract of pigweed
(Table 8).

Serum creatinine levels increased greatly in two groups

of swine fed fresh A. retroflexus. Swine fed dried pigweed

did not experience significant rises in serum creatinine.

Serum glutamic oxalacetic~transaminase levels were
found significantly higher (0.05 level) on day five in two
groups fed A. retroflexus than in pigs fed K. scoparia and
G QLQEL. No significant rise was found in pigs fed dried
or water extracted pigweed.

Total serum proteins appeared to drop slightly in two
groups of swine fed A. retroflexus. In one group followed,
the drop was seen primarily as a decrease in serum albumin

(Table 10),.

Statistical significance of gerum constituents

Llectrolyte, non-~electrolyte and hematologic values were

tested for significance at the 0,05 level, Swine fed A,




—— ————— p——

Table 10, l!Mean levels of some serum non-electrolytes in pigs fed Amaranthus
retroflexus - 1967

Day Number 5GOT BUXN Total Albumin Globulin

Type of of sigma mg/ Creatinine protein gm/100 gm/100
of trial trial pigs units 100 ml, mg/100 ml, gm/100 ml, ml, ml.,
Amaranthus 0 6 48,0 12,0 1.8 2.9 3.3 2.6
retroflexus 3 6 12,4 1.8

5 (3] ¥ §i B ¢ 39.4 4.7 Ded 2.9 2,6

8 6 68.6 11.6

10 5 31.4 118.1 11.4 <% Zad 2.4
Amaranthus 0 6 43,3 12.9 1.8 P 3.2 243
retroflexus 3 6 6.8 1.6
dried 5 6 35.0 8.6 L./ 5.6 3.2 2.4

8 6 9.2 )

10 6 41,1 10.5 Y.7 5.5 b | 2.4
Amaranthus 0 5 30.1 19D ; A 6.5
retroflexus 5 4 38,0 43,2 - 5.8
after dried 3 2 147 .5 33.1
plant 10 1 37.0 197.0 14.6 6.1

19
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retroflexus were compared to those fed K. scopariag and C.

album. For comparative purposes, values from the latter

two groups were combined and used as control

Bo 'Ihe fOl-

lowing variables were found to vary significantly at the

0,05 level:
Serum potassium

Serum magnesium

Serum glutamic oxalacetic-transaminase

Blood urea nitrogen
Serum creatinine
Total leucocyte counts
Hemoglobin
Correlations among different wvariables were
greatest degree of correlation was found as

Table 11, Correlation of some variables in
fed fresh Amgranthus retroflexus

determined., The

shown in Table 11,

groups of swine

Amaranthus Amaranthus Amaranthus

retrof lexus retrof lexus retroflexus
Variables (12 swine) (6 swine) (6 swine)
Sodium=Potassium -0,59 -0.44 -0,71
Sodium=B.U.N. e -0.24 -0,19
Sodium=Creatinine -- -0.16 -0,17
Potassium=-B,U.N. - +0,23 -0,01
Potassium=-Magnesium «0,36 - -
B.,U,N.=Creatinine - +0,93 +0.80




- The most obvious correlations were those of a negative
nature between sodium and potassium and of a strongly posi-

tive trend between blood urea nitrogen and serum creatinine,
Electrocardiographic Recordings

Electrocardiograph tracings were recorded from 14
swine clinically affected by ingestion of j. retroflexus.
Six normal swine of the same age, weight and breeding were
also used for comparative purposes. ot all standard limb
leads were used, but 12 animals were examined and recordings
were made from at least two leads.

Six clinically normal swine had heart rates from 120
strokes per minute to 180 strokes per minute, the mean value
beinz 140 strokes per minute (Table 12). The heart rete of
clinically affected swine varied from 70 strokes per minute
to 140 strokes per minute with a mean value of 104 strokes
per minute {(Table 13),

f recording taken from a clinically normsl pig is shown
illustrating the prominent P wave, tall and narrow Qi3 com=
plex, and low 1I/R ratio (Figure 12).

Abnormal patterns in the electrocardiocgraph trzacings

were observed in clinically affected swine fed 4. retroflexus.

The characteristic changes seen were (1) a decrease in ampli-

tude of the I wave, (2) increased duration of the GRS complex

resulting in a wide and slurred Qi5 complex and (3) an




Table 12, Llectrocardiographic characteristics of clinically normal
swine fed commercial grower ration

reart QRS

rate ¥ wave amplitude duration
Pig beats/ in millivolts in i/]_ratio in percent
number minute Lead I Lead I1 lLead III seconds Lead I Lead Il Lead IIlL
u=-1 140 0.10 0:13 0.05 6.02 12 14 09
u=0 140 0.12 0.15 0.05 0.03 20 07 12
C=2 180 Q12 0,15 0.05 0,03 11 12 14
C=4 120 0,12 0.15 0.05 0.02 11 07 03
C=5 135 0,10 0.12 0,02 0.02 33 12 20

C=-6 130 U X5 0.20 0,05 0.02 18 16 40




lable 13, ilectrocardiozraphic characteristics of swine fed Amaresnthus

retroflexus
lieart QAS
rate duration
rig beats/ I wgve millivolts in T/ ratio in percent

nunber minute Lead 1 Lead 11 Lead III seconds iLead I Lead il Lead 111

3 100 0.25 0.05 0.04 0,03 63 58 262

6 103 0.96 0,09 0.10 0,06 60 50 121

9 140 - 0.00 0.02 0.05 - 67 75
10 100 0.01 - - 0.08 50 - -
11 70 0,92 G.00 - 0.10 75 140 -
20 105 0.03 0,05 - .05 75 44 -
21 . 140 0.10 - 0.08 0,04 30 - 33
22 95 0.10 0,08 - .05 67 70 -
23 110 0,05 - - 0.06 1590 - -
24 90 0.05 0.02 0.05 0.03 100 43 33
913 105 0.05 0.10 0.05 0.10 67 1715 38
914 - 120 0.08 0.10 0.10 0,05 67 75 59
915 . 120 0.03 0,02 Q.0 0,06 54 100 18
923 ~ « 75 0.00 0.00 0.00 0.20 500 400 -

G9



Figure 12, Electrocardiographic recording from a
clinically normal pig

Figure 13, clectrocardiographic recording from a pig
fed pmaranthus retroflexus showing absence

of ¢ waves, abnormal QiR3 complex, and in-
cregsed amplitude of T waves
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increase in the amplitude of the T wave relative to the

QR3 complex (rigure 13)., The rise in height of the T wave

was the first abnormality recorded. This was followed by
! changes in the QRS complex and eventually by a decrease in

P wave amplitude, In some cases P waves disappeared com=-

pletely (Figure 13). In severely affected swine, the

tracings were so distorted as to be difficult to distinguish

as specific parts of the electrocardiograph. =Recordings

from severely affected pigs resembled a sine wave pattern
| with little similarity to normal tracings (Figure 14).
Numerical values for heart rate, P wave amplitude,

QR3 duration and T/R ratio in affected and normal pigs are

shown in Tables 12 and 13.




Figure 14,

Electrocardiographic racording from a pig fed
Amnaranthus retroflexus illustrating the sine

wave pattern occurring prior to death
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DISCUSSION

A major objective of this work was to substantiate or
clarify reports from field investigation indicating
Amaranthus retroflexus (redroot pigweed) and/or Cheno-
podium glbum (lamb's quarters) as possible etiologic agents
for perirenal edema. The elimination of factors such as
extraneous plants available, variation in previous ration
and environment, and lack of past history were considered
important., Twenty-nine of 29 pigs fed A. retroflexus at
various times were affected with some degree of clinical
disease during a part of the ten-day trial period. No evi=-
dence of clinical signs relating to the perirenal edema situ-

ation (Buck et al. 1966) was observed in swine fed other

weeds or other preparations of A. retroflexus. A feeding tri-
al with ¢. glbum gave no evidence of producing clinical signs,
The fact that swine were not affected by being fed C. glbum

but were subsequently made ill with A. retroflexus substanti-

ates further that A. retroflexus is a cause of perirenal

edema in swine. This also strongly suggests that C. album

may not be an etiologic agent of porcine perirenal edema.
The onset and progression of clinical signs appeared

most generally related to the muscle tone and strength of

affected swine. Ataxia, paresis and paralysis were of a

flacecid nature suggesting problems in either neuromuscular
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transmission or muscle contraction., Evidence of convulsions,
hypersensitivity, abnormal posturing or spastic motor move-
ments was not observed, This suggests a lack of involvement
of the central nervous system, 71hose pigs which died
typically reached a crisis or terminal point within three
.or four days. Only uncommonly did swine linger for many
days with severe clinical signs which terminated in death.
Those animals able to reestablish relatively normal clinical
bearing for several days commonly survived the clinical
disease. A characteristic situation was one in which a pig
was acutely ill, apparently recovered slightly and then was
unexpectedly found dead or recumbent within a matter of
hours, This clinical pattern is reported in human patients
who have suffered severe renal damage (Leiber and Davidson
1961). T7The characteristic muscle weakness or flaccid paral-
ysis seen in affected swine is observed in numans with
severe acute renal disease and hyperkalemia (Merrill et al.
1950; Finch et al. 1946).

The depressive effect of uremia related to kidney fail=-
ure is recorded in man (Hoffman 1963), High urea nitrogen
values in swine could result in the same biochemical lesion
and similar clinical signs.

The gross lesions similar to those reported by Buck
et al. (1966) in investigating field cases of porcine peri-

renal edema supports the role of A. retroflexus as a cause

of the disease, The complete lack of such gross lesions in




swine fed C., glbum is further evidence that lamb's quarters
may not be toxic to swine. Gross lesions were not seen in
swine fed dried pigweed or a water extract of the pigweed.
This was felt to be due to some change in the active princi-
ple, rendering it less toxic. Intake of dried plant and
water extract was considered adequate to provide enough
pigweed to supply the toxic principle if present,

All swine fed fresh A. retroflexus had some degree of

perirenal edema or evidence of previous renal damage as
shown by gross fibrosis of kidneys.
The histopathologic renal lesions from experimental

A. retroflexus poisoning were similar to those described

by Buck et al. (1965) and Buck et al. (1966), 1T1he charac=
terization of the experimental histologic lesions and their
comparison with those described by Buck et al. (1966) was
another major objective of this work., All of the histo=-
patﬁologic lesions described by Buck et al. (1966) were
observed in kidneys of swine fed A. retroflexus. 7The only
exception to the above was the lack of demonstrable oxalate
crystals in the tubules of experimental swine., In addition
to tubular degeneration, and necrosis with epitheliagl
sloughing, an additional important lesion was observed., 'This
lesion was a disruption or breaking of the basement membrane,

Oliver (1953) considers the integrity of the basement mem-

brane to be an important factor in the severity of renal
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damage. Thus, a single break or occlusion in the lumen
renders the entire nephron useless for excretion no matter
how much tubular epithelial regeneration occurs. Oliver
(1953) has extensively studied the pathogenesis of

renal failure from nephrotoxic agents by use of microdis-
section techniques to examine the structure and lesions in
individual nephrons., 5She states that nephrons suffering
disruption probably never become functional units again.
When repair cannot bridge the gap, an atresia persists in
spite of relining of the tubule, The tubule proximal to
the point of attempted repair undergoes dilatation and later
atrophy., This explanation would seem logical reasoning for
the characteristic dilatation of tubules and disruption of

the basement membrane seen in swine fed A, retroflexus,

The histologic lesions characterized by dilatation
and_basement membrane rupture were those from swine living
longer than three days after onset of clinical signs. Renal
lesions in swine terminating from acute disease were those
of cloudy swelling, hyaline droplet degeneration, and co=-
agulative necrosis., These swine had apparently not had
time to develop the tubular dilatation described by Oliver
et al. (1951), Further studies by Oliver (1953) in rats
poisoned with sublimate of mercury demonstrated renal lesions

similar to those described for subacute perirenal edema.

Kidneys of rats studied by Oliver (1953) at four days post
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exposure revealed tubules in all stages of damage from
cloudy swelling to necrosis, Many tubular epithelial

cells were swollen and granular, but nuclei appeared nor-
mal and alive, By seven days, lesions had progressed to

an overall general dilatation of tubules with many lined by
flat immature epithelium, Again, the pattern and time se-
quence of lesions appears quite similar to those cbserved
in kidneys of A. retroflexus fed swine, The flat regenera-
ting epithelium lining tubules in kidneys of affected swine
is further evidence of the attempted regeneration and repair
described by Oliver (1953).

The period of several days required for tubular func=-
tion to return is mentioned by Bull et al. (1950) as a cri=-
tical period, If the oliguria of this phase does not cause
the animals demise, the second phase, diuresis, occurs,
During the diuretic phase, urine flow is re-established but
tubular selectivity is subnormal. The lack of adequate
electrolyte control is suggested by Oliver (1953) as due to
the lack of mitochondrial elements in regenerating tubulsr
epithelium,

The histopathologic renal lesions described by 3Smith
(1959) for oak poisoning in ruminants bear striking resem-
blance to the lesions observed in acute poisoning by A,

retroflexus, Lesions common to both are intermittent is~

lands of coagulative tubular necrosis and numerous hyaline
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casts in tubular lumens, Lesions of g similar nature are
described by Troen et al, (1951) for bichloride of mercury
poisoning in man. Kugel (1947) states that acute toxic
nephroses appear quite similar in clinical manifestations,
laboratory findings and pathology despite varied etiology.
Thus, evidence indicates that the renal lesion is due to

a possible common cellular dysfunction,

The correlation of gross lesions with histopathologic
renal damage 1s an interesting prospect. The resultant
edema as a sequel to both physical and biochemical abnor-
malities must be considered. The physical predisposition
to perirenal edema could well be related to the disruption
of basement membranes and tubules described earlier, uu-
merous lesions were observed in which several disrupted
tubules coalesced to form large cystic spaces. TIhese
cystic spaces commonly led to and directly communicated
with subcapsular cysts filled with fluid or blood. Inter=-
stitial edema was observed also. Thus, numerous conduits
for glomerular filtrate were formed which allowed fluids
and electrolytes to move to the renal subcapsular area and
then filter into the retropefitoneal perirenal connective
tissues., Jince the perirenal area is anatomically related
retroperitoneally to the mesentery, mesometrium, ligaments
of the bladder, and mesorectum, the fluid was able to move

via a path of least resistance into these areas. Ldema of

the abdominal wall can also be related to the perirenal
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fluid since lamina of fascla and muscle form routes for
fluid migration from the sublumbar area to the ventral

abdominal wall,

The presence of mild histologic renal lesions in

swine fed dried A. retroflexus suggests that the plant

retains at least a portion of its toxic principle after
drying. It is known that certain oxalate containing plants
such as beet tops are less toxic when wilted (Clarke and

Clarke 1967), A. retroflexus has been reported high in

oxalates (Marshall et al, 1967, Srivastava and Krishnan
1959). Wwhile the histologic renal lesion of j. retroflexus
intoxication does not appear to be a classical oxalate
nephrosis, the presence of oxalates in the plant could be

a clue to an unknown toxic principle present in oxalate
containing plants.

The correlation of histopathologic lesions with bio=-
chemical changes was a third important objective of this
work., In its entirety, such an undertaking would be a
project in itself, However, serum clinical chemistry ex~-
aminations were selected on the basis of simplicity and
uniformity of sampling which would suggest the primary
biochemical and electrolyts alterations.

The serum electrolytes most consistently altered were

potassium, sodium and magnesium. Numerous authors attest

to alterations of these serum electrolytes during renal
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insufficiency (Iseri 1952; lerrill 1956; Merrill 1960;
Sirota and Kroop 1951). T7The egrly phases of renal damage,
including toxic nephrosis, includes a period of oliguria
(Bull et al. 1950; Elkinton and Danowski 1955; Kugel 1947;
Partenheimer and Citron 1952; pPitts 1963). Patients able
to survive the period of oliguria often recover from the
renal disease. It is well known that the selective re-
absorption of sodium and excretion of potassium is main=
tained by the renal tubular epithelium, particularly the
distal portions (Davidson et al. 1958; Pitts 1963; 3mith
1947; Taggart 1958). As suggested by Oliver et al. (1951)
and Oliver (1953), any break or blockage in the continuity
of the tubule results in a loss of urine flow. The lack
of urine elimination (anuria) interrupts the only signifi-
cant route for loss of potassium from the body (Schwartz
et al., 1951). The association of oliguria or anuria with
hyperkalemia is also recorded by other workers (Bradley

et al, 1950; Elkinton et al. 1949; Hoff et al. 1941; Merrill
1960). The problem of hyperkalemia is further compounded
by intake of foods containing potassium salts (Derow 1954;
Merrill 1960), Hoffman (1950) and Kolff (1950) state that
tissue breakdown in the presence of inadequate renal func-
tion can enhance potassium excess in the extracellular

fluids. The clinical signs and histologic lesions seen in

swine fed A. retroflexus agree with the conditions gtated
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above, Clinically, oliguria was evident in affected pens.
The intake of potassium was substantial due to high levels
of potassium in the plant material, and some tissue break-
down occurred due to renal necrosis and muscle wasting in
severely affected, anorectic pigs.

The problem of lowered serum sodium values in affected
swine may be related to two factors., Gartner (1962) found
that dogs with chronic interstitial nephritis had diminished
tubular reabsorption of sodium. The tendency for decreased

reabsorption of sodium in renal tubular disease in man is

also recorded (Pitts 1963; Platt 1950)., Since approximately
99 percent of the filtered sodium is reabsorbed via the
renal tubules (Guyton 1966; Platt 1951), it is logical that
tubular damage could result in a net sodiun loss. 3ecause
the intracellular stores of sodium are small (Guyton 1966;
Pitts 1963), the loss of extracellular fluid sodium is poorly
replaced. In perirenal edema the extracellular fluid com=-
partment is increased due to the copious edema, thus diluting
even more the extracellular sodium, 7The lowering of extra-
cellular sodium may serve to increase serum and interstitial
fluid potassium levels. HHoe and O'shea (1965) in studies of
nephritic dogs did not find a correlation between hyperkalemia
and hyponatremia. In swine fed A. retroflexus a high degree

of correlation between high serum potassium levels and low

serum sodium levels was found,
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A significant rise in serum magnesium was observed in

swine fed A. retroflexus. This agrees with the finding of

Bradley (1946) who reported an accumulation of magnesium in
the blood during renal insufficiency. The hypermagnesemia

of renal failure is also recorded by Elkinton and Danowski

(1955) and attributed to the same general causes as hyner=

kalemiga,

Bradley (1950), Hoe and O'shea (1965), ritts (1963),
and Platt (1951) report increased serum inorganic phosphates
in renal damage and insufficiency. A significant rise in
phosphate levels was not observed in pigs fed A. retroflexus.
The increase was less marked than that reported by the au=-
thors just cited, Pitts (1963) explains hyperphosphatemia
on the basis of reduced glomerular filtration. Thus, once
renal blood flow and filtration return, the elevated phos-
phate levels drop toward normal,

Serum chloride levels were found to decrease markedly
in swine fed A. retroflexus. This generally followed the
decrease in values for serum sodium, The levels of serum
chloride are generally considered related to sodium and to
follow the movement of that cation (Elkinton and Danowski
1955; Guyton 1966; Pitts 1963).

Serum glutamic oxalacetic~transaminasse levels were

significantly increased on day five to the j\. retroflexus
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feeding trials. Cornelius and Kaneko (1963) and Benjamin
(1961) consider SGO=-T significant in myocardium, skeletal
muscle and hepatic tissue of swine, With the exception of
two animals no histologic evidence of damage to muscle,
myocardial or liver tissues was found in swine fed 4. re-
troflexus., ‘Thus, there may be some suggestion for moderate
levels of 5GOU=T in renal tissue of swine, [Further assess=
ment of renal damage was made from serum urea nitrogen and
serum creatinine levels, Very large increases in both
urea nitrogen and creatinine were found in swine with renal
damage, A very high correlation between levels of these
two constituents was observed, C{reatinine excretion is de-
pendent upon tubular function and is not influenced by
dietary protein intake, protein catabolism, or exercise
(Benjamin 1961; Hoffman 1963). Thus, Hoffman (1963) con-
siders creatinine to be g more reliable index of renal
damage than urea nitrogen, However, Hoe and O'Shea (1965)
in studying canine nephritis believed that urea nitrogen was
a more reliable index of renal damage than was creatinine,
This author's experience with renal damage due to &. retro-
flexus suggests that high serum urea nitrogen levels can
occur in the absence of clinical signs or with only mild
renal lesions, ‘lhis effect of elevated serum urea nitrogen

values was particularly evident in swine fed a water extract

of A. retroflexus., Even though histologic lesions were mild,
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the pigs in this group failed to receive adequate energy
intake. 1he loss of body tissue and muscle mass for cnergy
aay have resulted in the increases in serum urea nitrogen
seen in the extraect group. Elevations in both serum urea
nitrogen and serum creatinine are considered diagnostic
of renal danace (Benjamin 1961; Llkinton and Danowski
1355; Loe and O'shea 1965; Hoffman 1963; Fitts 1963).

3ignificant decreases in hemoglobin concentration and
markedly lowered packed cell volume (PCV) were observed in
swine fed A. retroflexus. 1lwo possible explanations of
these decreases are offered, iirst, the extracellular
fluid volume expansion evidenced as edema may have diluted
the constituents of the circulating blood., A second possi-
bility is that the renal damage cdue to 4. retroflexus nay
have impaired the renal erythroprotein factor associated
with stimulation of erythropoesis (Guyton 1966; ritts 1963),

A marked increase in leucocyte counts was observed in
the pens of swine fed §. glbum and . scoparig. No informa=
tion or explanation concerning this effect could be found,
However, even though the absolute rise was significant
statistically (0.05 level), the increase was still within
the normal ranges given for swine (Benjamin 1961),.

A logical task to follow the determination of electro-

lyte and non-elaectrolyte changes in swine fed j. retrofloxus

is the demonstration of the physiologic effect of those
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changes upon the animal, Numerous reports of the effects of
hyperkalemia in man are available., 7Two major effects upon
the organism are described. A change related to hyperkalemi
is the occurrence of paresthesia of the extremities and
flaccid paralysis of the voluntary musculature (Finch et al.
1946; Hoffman 1950). Hoffman (1950) states that even when
the extracellular potassium level is elevated, the intracell=-
ular potassium stores may be severely depleted. 7Thus, the ime
balance between intracellular and extracellular potassium
can alter the membrane potential of muscle cells suffici-
ently to prevent proper contraction (Guyton 1966).
Hyperkalemia is associated with abnormal cardiac func=
tion and cardiac failure. Numerous authors consider exces-
sive levels of serum potassium to be the cagause of cardiac
failure in acute renal failure (Bradley 1946; Darrow 1950;
Hoff et al. 1941; Keith 1944; Merrill 1956; Fartenheimer
and Citron 1952; Winkler et al, 1940), 7The progression of
electrocardiographic qhanges leading to fatal cardiac ar-
rest are well documented (Derow 1954; Loff et al. 1941;
Hoffman 1963; riaher and Schreiner 1962; [lerrill 1960; Fitts
1963; Winkler et al. 1940; wWolff 1956). ilerrill (1960)
and Hoffman (1963) described the characteristic changes.
There is development of tall, pointed 1 waves with depres-

sion of the 5-T segment, The duration of the QRS complex

is increased and the P wave amplitude is diminished.
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Arrhythmia is observed. The ventricular complexas disinte-
srate culaninating in a baseline having the appearance of

a continuous sine wave, This is followed by wventricular
standstill.

These characteristic /UG changes are described for swine
in experimentally induced hyperlialemia (i.ronberger et al.
1964), 'The !1'G changes seen in swine fed pigweed corre-
spond to the abnormalities described in hyperkalemic humar
beings and swine, The most prominent .1 G alterations in
swine fed pizveed were decreased or gbsent £ waves, a wide
and slurred QiJ complex, and an elevated T wave, 1lhe i F 43
ratio for the LG recordings of hyperkalemic swine were
morkedly higher than those of six clinically normal swine,

b recordings were taken from swine while suspended
in a canvas sling, or occasionally while in lateral recun-
benecy. according to seidel and Lornert (1964) the veriation
in left lateral, right lateral and sternal positions of
swine did not significantly alter the iU,

Jhile hyperkalemia may be the major factor in cardiac
chanpes, other cations must be considered in their effect
upon the kG, merrill (1950), schwartz et al, (1%51), and
Fitts (1963) state that concurrent hyponatremia may enhance
the .U chanzes caused by hyperkalemia. IFinch et al., (1346)

and werrill (1356) found that administration of sodiun-con=

taining solutions to hyperkalemic patients temporarily improved
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the ZK3, even though exftracellular petassium did not de-~
crease, ﬂndersonrand Laragh (1958) felt that cardiac
toxicity was directly related to the extracellular potas-
sium concentration in sodium depleted animals. Merrill
(1956) felt that the concentration of sodium and calcium,
acting as potassium antagonists, may play a role in the
total effect upon cardiac function and the EKG. According
to Merrill (1960) the EKG records the totality of electro-
lyte effects on cardiac muscle. 71hus, hyperkalemia may
not always be associated with the clinical syndrome of
potassium intoxication., The EKG recordings from swine fed

A. retroflexus could in most respects be associated with

hyperkalemia. 71/R ratios did not correlate closely with
potassium levels., However, P wave amplitude and Qu«3 dura=
tion were more closely tied to variations in potassium
levels. 1t is also interesting that as potassium levels
increased, there was a high degree of correlation with in-
creased magnesium concentration. Thus, the antagonistic
effects of potassium and magnesium were always at work
Merrill 1956; Smith 1949). 'The net effect, as measured

by EKG recordings and clinical observation, appeared to be

potassium intoxication with cardiac fallure.
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SUMMARY

An experimental situation was designed in which 52
pigs were fed various weeds. The weeds fed were Amaranthus

retroflexus (pigweed), Chenopodium glbum (lamb's quarters)

and Kochia scoparia.
All swine fed pigweed developed clinical signs and all

displayed characteristic gross lesions of perirenal edema.
Of the 12 pigs fed Kochia and lamb's quarters, and of 8 pigs
fed varylng concentrations of water extract of pigweed, none
developed either clinical signs or gross lesions, Lesions,
but no clinical signs, were observed in pigs fed residue
from the water extraction procedure, Three pigs given pig-
weed after recovery from the previous feeding of that plant
did not develop acute perirenal edema but had lesions of
severe interstitial fibrosis, evidence of kidney damage from
the previous trial.

Blood chemistry and electrolyte changes were seen in
pigs fed pigweed and included large and constant increases
in serum potassium and smaller increases in serum magnesium,
Blood urea nitrogen and serum creatinine were more markedly
increased in pigs fed pigweed than for any other trials.

Histopathology of the affected animals revealed micro=-
scopic kidney lesions, IMost prominent were tubular degen-

eration and necrosis in a majority of the kidney tubules,

dilatation of the convoluted and collecting tubules and
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large numbers of proteinaceous tubular casts.

EKG changes were monitored in 14 affected pigs being
fed pigweed. The changes were suggestive of hyperkalemia,
as evidenced by a slowing of heart rate, a wide and slurred
QRS complex and an increase in magnitude and duration of
the T wave. In effect this raised the T/R ratio abnormally
high.

The cause of death in swine fed pigweed was shown to

be assoclated with cardiac arrest due to hyperkalemia re-

sulting from renal failure.
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