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INTRODUCTION

Many factors have been implicated in the low productivity of different classes
of livestock in many areas of the tropics and sub-Lropics, These have been cato-
gorlzed under nutrition, management and environmental factors. Nutrition of the
animal has been considered of primary importance where the factors of manage-
ment and environment have been reasonably well controlled. Nutrition of the large
and small ruminant stock In many developing countries have been almost entirely
based or unimproved grassland tracts and browse, In which several weed specios
abound. Incidence of sudden death in the flock, reproductive failure and general
unthriftiness hnve been blamed on speocific nutrient deficloncies or inadequate intake
of nutrients required for efficient production, Evidences acoumulating from else-
where (Collier, 1827; Carrillo and Worker, 1967; Worker and Carrillo, 1887;
Dibereiner et al., 1971; Kirksen et al. 1972; Krook et al., 1975a, b) peint to the
involvement of wild plant, weeds In some of the pathologicsl conditions which adver-

sely affoet productive and reproductive performance in the livestock. The significance
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of such plants in the low productivity of tropical Uvestock under present managemen
nractices has not been assessed as is often completely ignored in the discussion of

anirmal productivity in this region. This paper reviews relevant work in the area of
caloinogenic plants with a view ot highlighting their implication for animal productio

under range conditions.

HISTORY OF CALCINOGENIC PLANTS

"Enteque seco' (wasting of unknown originy, is a chronic wasting disease of
grazing animals which has been recogni zed for man; years in the lowland areas of
the province of Buenos Aires in Argentina. 1 was described in 1898 by Lignieres
who thought it might result from chronic pasteurellosis. Subsequent observations
failed to confirm the suggestion of an infectious nature of this entity which is res-
ponsible for death or slaughter of 300, 400 cattle annually and unknown number of
sheep (Worker and Carrillo, 1387).

Collier (1927) suggested that the prolonged Ingestion of the shrub, Solamam
glauvcum Dun. was the cause of the disease.

Carrillo and Worker (1967) and Worker and Carillo (1867) published experi-

mental evidences that Solanum malacoxylon Sendtner (syn. 5. glaucophyllum) is the

couse of the disease, Feeding small amounts of dried leaves and ayueous extracl
of the shrub caused a significant hypercalcemia and hyperphosphatemia which was

presumed to be responsible for the principal pathelogical changes of the dizsease.
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In Brazil, Pardi and Santos (1947) observed that 5, 24% of 2, 172 cattle
slanghtered in the pantanal region of Mato Grosso showed pulmonary ossification
and caleification of the blood vessels and 29, 2% had gross renal lesions.

Doberelner et al. (1971) studied the naturally ccourring disease, "espicha-
mento'” or "espichacan®, in the same region and reproduced the condition in
bovines by oral administration of dried leaves of 8, malacoxylon.

Arnold and Fincham (1950) and Arnold {1954) described a ehronic progressive
disease of livestock in Jamaica known as the '"Hed earth disease' or "Manchester
Wasting Disease'.

Arnold and Fincham (1850) and Arnold (1969) suggested that the disease was
csnsed by a vitamiin D-like principle which exacerbated the existing imbalance for
cilelum, magnesium and phosphorus in the pasture.

"Naalehu disease", a disease similar to "enteque seco' and Manchester
Wasting Disease" (Arnold and Bras, 1956) occurs in Hawaii (Hendershot 1942;

Lynd et al. 1965; Willers et al. 1956; Lynd, 1969), Lynd {1969} suggested that
the disease may be caused by a diet low in phosphotus and magnesium but rich in
galoium and potassiom.

Bolanum sedomaewmn has been mentioned in connection with "Naaleho diseasa™
(Rose and Furumoto, 1971) but the results of their investigations have not been

conclusive.



208
Onderscheka et al, (1967), Libiseller and Gunhold (1969), Kohler and

Lihiseller (1970) deacribed a calcinotic disease of cattle, "Weldekrankeit'', in

the Alpine region of Austria. Although Onderscheka et al. (1967) attributed the
pathogenasis of the disease to chronic magnesium deficiency, Kohler and Liblseller
{1870) could not find any evidence of mineral deficlency.

An "enzootic caleinosis" of cattle was described in 1970 (Dirksen et al. 1970)
in the Bavarian Alps in Germany. The discase has been reproduced in sheep by
feeding hay from the affected pastures (Dirksen et al.” 1971), Further work in
rabhits (Dirksen et al, 1974) showed that pastures rich in Trisetum flavescens,
contain the caleinosis factor.

Krook et al (1975) described a chronle debilitating disease in Florida horses

and cattle due to ingestion of leaves of the shrub, Cesfrum diurnum, (day-blooming

jessamine, wild jasmin, king of the day)}.

Gill et al. (1976) described enzootic caleinosis in sheep in Mattewara, India
which they thought might be due to complex mineral imbalance, although the possi-
bility of a plant polsoning was not ruled out. After a chemical analysis of soil,
water and forage from the affected area, Singh gt al. {1976) concluded that the
existence of caleinm phosphorus, potassium and magnesium imbalances in feeds
and forages of the effected farm possibly contributed to the causation of sofl

tissue caleinosis.
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THE PHYSIOLOGICAL BASIS OF THE CALCINOGENIC PLANTS' ACTION

Trisetum flavescens, the causative agent of enzootic calcinosis, belongs to
the Graminaceae family. The active factor has not yet been ldentified.

Both Solanum malacoxylon and Cestrum diuroum belong to the Solanaceae
family and have been shown W contain factors similar to 1d25(0H}p Dy (Wasserma
and Corradino, 1974; Wasserman et al. 1976) the active metabolite of vitamin Dy
(Lawson et al, 1971; Norman et al, 1871). The1 25 (OH)y Dy - like activity of
8. malacoxylon and C. diurnum was assessed by dotermining their effectiveness
in chicks fed & high strontium diet, Such s regimen depresses calclum absorption
and inhibits the synthesis of the duodenal vitamin D dependent caleium-binding
protein (CaBP) (Corradino et al. 1971), an effect shown to be due to inhibition of
conversion of 25 (OH) Dg to 1 25(0H)g Dy by the 1 hydroxylase engyme of the
kidney (Omdahl and De Luca, 1972).

Using the organ-culture chick duodenum, Corradino and Wasserman (1974)
demonstrated that 8. malacoxylon stimulated the duodenal uptake and the muco sal
to-serosal transport of '1‘55‘1, indicating that the activity of the factor does not
depend on preliminary metabolism by some other Hssue and that, indeed it resem
bles 1, 25(0H)z -Dg in terms of bipotency.

Waaserman et al, (1975, 1976) reported that C. diurnum powder &t 1.5 or

9% of the diet reversed the inhibitory effect of high strontium diet in young chicks
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with regards to duodenal absorption of ‘”E‘a, the synthesis of the duodenal
vilamin D dependent caleium -binding protein and duodenal concentration of eyelic
adenosine - 3'5' - monophosphate (¢ AMP), The plant also significantly inereased
plasma caleium levels as compared to the group receiving stable strontium plus
vitamin Dy alone.

walling et al. (1875) further demonstrated that C. diurnum extract is capable
of stimulating intestinal calcium transport in cholecaleiferol-deficient nephrecto-

mized rats as measured by an in vitro method. Although both 8. malacoxylon and

€. diurnum contain substancea similar to 1 25 (OH)s D,, neither factor is identical
to 1 25(0H)p Dy. Both factors exert thelr initlal aetions which decline rapidly
in activity (Mautalen, 1972; Corradino and Wasserman, 1974: Wasserman et al.

1976). Tha 5. malacoxylon factor is soluble in water but not in fat, and very

soluble in methanol chloroform mixture (2:1) (Wasserman et al. 1975, 1976). The
soluble in water and that soluble in the methanol ; chloroform mixture are both
capable of reversing tha inhibitory effeet of stable strontium diet but, however, the
methanol : chloroform soluble material is about six times as active as the agueous
extract (Wasserman et al, 1578},

The bioassay of the cholecaleiferol-lke activity of C. dinrnum indicated It
to contain approximately 30, 000 - 25, 000 I. U. cholecaloifercl squivalents per k.

dried leal powder (Wasserman et al. 1976), while a similar assay of 5. malacoxylon
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indicated it contained about 4340, 000 1. U. cholecaleifersl equivalent/kp, of dried
leaf [Was&armanﬁ_t_:_ii. » 1375).

An understanding of the physiological basis of C, diurpum and 8. malacoxylon
toxicoses derives directly from current knowledge of vitamin D. metabolism,
Normally the amount of 1, Eﬁ{ﬂﬂjﬂ Dy produced by the Kdney is feed-back regulated,
thereby controlling the rate of caleium absorption form the digestive system {Omdahl
and DeLuca, 1973). Since C. diurnum and §, malacoxylon apparently contain factors
that function like 1 25{0H)g Dg the primary controlling poiat {n vitamin D metabo-
lism i5 by-passed und more caleium is absorbed than can be physiologically scco-
modated and thus, hypercaleemis becurs (Krook et al, , 19754, B.

The chemieal structure of these caleinogenio factors are not available. How-
ever, recent information on the nuture of one of the Solanum malacoxylon factors
suggests that it is a cholecalciferol-like steroid, having 8 5,7 - unsaturated ring
siructure, the triene system in a trans orientation, a hydroxyl in the 3-position and
containg carbohydrate which might account for the water solubility of the Solanum

malacoxylon factor (Peterlik and Wasserman, 1975). Wasserman et al., (1876),

also noted that it would not be surprising if the Cestrum diurnum and Solanum mala-
roxylon factors were similar chemipal entitles since the biological properties asre

similar and that the fact that Cestrum diurnum factor had less carbohydrate would
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aceount for the differences in the polarity of these molecules.

BLOOD CHEMISTRY

Calelum and Phosphorus

Arnold and Fincham (1950) and Arnold {1954) reported that the blood caleium
is high, blood phosphorus low in "Manchester Wasting Disease", Carrillo and
Worker, (1867); Worker and Carrillo (1867) and Dobereiner et al. (1971) reported

that the dried leaves or aqueous extracts of Solanum malacoxylon are capable of

causing a rise in the serum levels of calcium and phosphorus in eattle, Camberos

and Davis (1968) used isctope studies to investigate the effects of 8. malacoxylon on

sheep and concluded that there was an increased resorption and retention of dietary
caleium and phosphorus.

Camberos et al. (1970) reported hypercaloemia, oceasions] hyperphosphatomia
and incresse in caleium and phosphorus product in guinea-pigs fed either air-dried

leaves or aqueous extract of 5. malacoxylon.

Marcilesse et al. (1971), in a study of acute experimental "enteque seco" in
rabbits, noted that oral or subeutaneous administration of agueous extract of 5.

malacoxylon produced an increase of the phosphate and caleium product in plasma,

irrespective of the difference in dietary condition. The increase in serum phosphate |

A
levels wag found to be linearly related to the log of the administered dose of 5. male-

coxylon, The plasma caleium levels increased 24 hours after a single oral dose of



214

Caleinogenic Plante in Animal Production.

aqueous extract of 8. malacoxylon but failed to do so If the extract was given sub-

cutaneously. When "high" doses were administered dally, plasma caleium decreased
to basal values after initial response.

Sansom et al, (1971) suggested that the toxio effect of 8. malacoxylon is
medicated by a large inoreased calcium absorption from the gut.

Mautalen (1971) reported that administration of aquecus extract of 8. malaco-
xylon to rabbits produced hyperphosphatemia and a transient rise In serum calcium.

Campos et al. (1973) fed a dlet "practically free of caleium™ to vitamin D-

deficlent rata and seven days later, injected an extract of 5. malacoxylon subcuta-

neously, Berum calecium concentrations became elevated at 24 hours and maximized
at 48 hours. There was also an early transient increase in serum phosphate levels

al & hours, Campos et al (1973) further noted that 5. malacoxylon factor was

effective in parathyroidegtomized animals, However, contrary to the findings of
Mautalen et al. (1971) and Campos et al. (1973), Uribe et al. (1974) and Basudde and
Humphreys (1L§75) were unable to demonstrate an increase in serum calelum in rats
and rabbits respectively after an administration of an agueous extract of 8, malacoxy-
lon. A rapid hyperphosphatemia eas observed in the rabbit (Basudde and Humphreys,
1975). In "Weidekrankheit", Onderscheka (1967); Libiseller and Gunhold {1589);
Kohler and Libiseller {1870) reported elevated plasma calelum and phosphorus lavels

in the affected catile.
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In enzootic caleinosis of cattle, Dirksen et al, (1970) noted that the serum

is high but seldom above upper physiological limit and that the serum phosphorus
is also periodically elevated.

In Cesitrum diurnum poisoning, Krook el al. (1976a, b) reported that plasma
calejum was elevated to moderate or severe degree in horses and eatile but later
decreased foward low normal values in the cattle. The leeding of 3% dried leaves
of C. diurnum to normal and hyperparathyroid pigs induced a rapid and persistent
rise in plasma caleium value. While hyperphosphatemia oceurred in the normal
pigs, there was an initial transient hyperphosphatemia with subsequent and terminal
hypophosphatemia in the hyperparathyroid pigs (Kasali, 1976).

Magnesiom

Onderscheka (1967) postulated that "Weiderkrankheit" was due to chronic mag-
nesium daficiency although Libiseller and Gunhold {1969) and Kohler and Libiseller
(1970} could not substantiate this finding,

Arnold (1969) reported that the lesions of "Manchester Wasting Disease" could
be reproduced experimentally if both caleium and vitamin D were in oversupply and
especially when a state of magnesium deficiency also existed.

Dirksen et al. (1870) reported, normal serum magnesium level for cattle
affected with "enzootic caleinosig",

In mineral metabolic studies; Camberos et al. (1970b) reported that in guinea

plgs, fed an extract of §. malacoxylon, there was an increased absorption of caleiom,
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phosphorus and magnesium but a lower retention of magnesium than in the controls.
On the other hand, Campos et al. (1973) reported that plasma magnesium value

was unaffected in guinen pigs fed an extract of 5. malacoxylon.

Basudde and Humphreys (1975) reported that although an administration of

aqueons extract of 8. malacoxylon to rabbits did not cause any significant change

in plagma magnesium, the urinary mognesium was markedly inereased.

Alkaline Phosphatase

There are very few reports in the literature concerning the activity of this
enzyme in diseases due to ingestion of caleinogenic plants.

Marcilesse et al, (1871) and Basudde and Humphreys (1875) reported a signi-
ficant decrease in serum alkaline phosphatase values of rabbits after oral admini-

stration of agueocus extract of Solanum malacoxylon.

In & study of effect of 8, malacoxylon in young cattle, Dobereiner et al. (1976)
reported that the levels of the engyme tended to decrease during periods of admini-
stration of the plant.

Knsali (1976) reported that the administration of 3% dried leaf of Cestrum
diurnum te normal and hyperparathyroid plgs caused significant hypophosphatasemia,

CLINICAL SIGNS AND SYMPTOMS

The clinical signs In these related disease entities include weight loss, apaty,



216
kyphosis, protracted kneeling, unwillingness to walk, loss of tendon contours,

bradycardia and increased abdominal respiration (Arnold and Fincham 1950;
Arnold and Bras, 1956; Lynd et al. 1965; Carrillo and Worker, 1967; Worker
and Carrillo, 1967 ; Dammrich et al. 1970; Hanichen et al. 1970; Dobereiner
et al. 1871; Dirksen et al., 1970, 1873, 1974; Krook et al, 1975a, b; Kasall et
al. 1976. Induration of the abdominal aorta detected on rectal examination as well
as infertility have also been reported in enzootic caleinosis in Germany (Dirksen
et.al. , 1970),

PATHOLOGY

(2) Soft Tissue Caleinosis

The tissues preferentially mineralized in the cal cinotic conditions are the
elastic tisspe, the lkddneys, cardiovascular system, the lungs, stomach and tendons
(Collier, 1827; Arnold and Finchem, 1950; Arnold and Bras, 1956; Lynd ot al.
1965; Carrillo and Worker, 1967; Worker and Carrillo, 1967; Cgmberos et al.
1970; Dammrich et al., 1970; Hanichen et al., 1970; Dirksen et al. . 1970, 1973,
1874; Dobereiner et al. 1971; Marcilesse et al., 1971; Krook et al., 1975a,b;
Done et al, , 1876; Gill et al., 1976; Kasall, 1976). Dystrophic calcinosis of the

ovaries has also been described (Dirksen et al., 1971).

There is atrophy of the chief cells of the parathyroid glands in S. malacoxylen

(Carrillo, 1876) and C. diurnum toxicoses {(Krook et al., 1975a, b; Kasali, 1976).
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Electron microscopical examination of the parafollicular ("C") eells of the thyroids
in 8, malacoxylon and £. diurnum toxicoses revealed increased physiological
activity of these celle which are responsible for producing the hormone, thyroeal-
citonin (Carrillo, 1973; Krook et al., 1975a, b).

{b) SBkeletal Changes

Arthrosis of the joints has beean reported in "Manchester Wasting Digeaze"
(Arnold and Bras, 1856), '"Naalehu" disease (Lynd et al, | 1965), enzootic caleino-
gis in cattle [n Germany (Dirksen et al., 1970) and enzootie caleinosis of sheep in
India (Gill et al., 1976),

Although there are many reports in the literature describing the osseous
changes in these related caleinotic diseases, the interprotations of the histologic
changes are contradictory. This poses some unanswered questions as to the
elinico-pathologic interpretations of these related disease entities.

Dammrich et al,, (1970) deseribed the histologieal lesion in bones of cattle
affected by enzootlo caleinosis as osteomyelosclerosis which be attributed to increa-
sed bone formation and not to retarded resorption,

Carrillo (1973) who studied the skelatal manifestations of 8, malacoxylon
poisoning by fluorochrome labelled seetions and conventional histologic methods

described osteopetrosis, thickened cortical bone with numerous cementing lines,
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and o thick coating of ostecid in relation to an active row of osteoblasts. He also
attributed the osteopetrosis to enhanced apposition of bone.
KErook et al. , (1975a, b) described the radiographic and histologic skeletal

lesions in horses and cattle poisoned with Cestrum diurnum. Radiographic and

histologic studies revealed diffuse osteopetrosis of epiphysis and the metaphysis
with minimal marrow spaces between the thick and confluent trabeculae. Osteope-
trosis was accompanied by a complete cessation of osteocytic osteolysis and chon-
drolysis resulting in abnormal retention of chondroid core. The inhibiting effects

of €. diurnum factors on the resorbing osteocytes resulted with prolonged chronleity
of the disease, in the death of the osteccytes especially in the areas of oldest bone
with disintegration of their territory. They, therefore, concluded that osteopetrosis
wias due to arrested ostesoytic vsteolysis and chondrolysis and rejected the postulate
that osteopeirosis was due to excessive formation of bone.

In a detailed study of C. diurnum toxicosis in normal and hyperparathyroid
pigs, Kasali (1976) reported that C. diurnum ecaused a decreased ash per unit volume
and cortical indices of the long bones. Radiegraphic and microradiographic studies
of the humeri showed osteopetrosis of the epiphyses and metaphyses. Histologically,
osteoptrosis was shown Lo be caused by arrested oateocytic osteclysis and chron-
drolysis due to direct toxic action of C. diurnum factor on the resorbing ostocytes.

Hypoparithyroldism established histologically and hypercaleitonism biased on

B
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morphological evidences eontributed to the arrested bone resorption. Further
degenerative changes in the resorbing osteocytés culminated in osteonecrosls and
in osteopenia. Kasall (1976) further demonstrated that osteopenia in C, diurnum
toxicosis was due to two different factors. The first was resulting osteoclasia in
response to the necrotic bone tissue. The second factor, evidenced by fluoro-
chrome labeling was due to atrophy of the ostec blasts, inhibition of bone flow

mechanism, and hence bone remodelling.

CONCLUSION

The implication of calcinogenic planis in infertility, death and slaughter of
considerable mumber of animals annually in the affected areas poses a serious
threat to livestock production in terms of economic loss. However, the caleino-
genio plants could have therapeutic value in metabolic diseases of animals. Milk
fover is a complex metabolle disease characterized by hypocalocemia and hypophos-
phatemia near paturition and initiation of lagtation in dairy cattle. The disease is
fatal unless calejum salts are injected. It may well be that this condition will in
future be treated or prevented by including powdered calcinogenic plants in diet
ginoe they offer a readily available source of 1 25(0H)z Dg. Also, an inclusion

of such an adﬂiﬂmmdiatsulmwhanﬂﬂ:athawheﬁn in lay for some months
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might improve the absorption of available dietary calcium and thus help preserva

egg shell quality. This would be especially useful in the heavy-laying strains,
Since every dry-powdered preparation is likely to be of different potency,
the role of the biochemist is essential in elucidating knowledge of their aotivity
do0 that standardization could be effected.
The prospect of being able to add erude powdered preparation to the diet of

farm animals is an attractive one (o those Involved in animal production.

REFERENCES

ARNOLD, R.M., 1969. The interaction of caloium, magnesinm, phosphorusa,
other minerals and vitamin D {n the etiology of "Manchester Wasting Diseasa",
Trop. Anim. Hlth. Prod., 1: 75-B4.

ARNOLD, R. M. aml BRAS, G., 1956. Observations on the morbid anatemy and
hiatology of "Manchester Wasting Disease” of eattle in Jamades and Telated
eonditions in other countries of the Americas, Am. J. Vet Res. 17; 630-638,

ARNOLD, R.M. and FINCHAM, LH., 1950. Cardiovascular and pulmonary
caleification apparently associated with dietary imbalance in Jamaicn. J.
Comp. Path, 60: 51-64,

BASUDDE, C.D.K, and HUMPHREYS, D.J. 1975. Caleif. Tiss. Res. 18: 133-139.

BELANGER, L.F., 1968, Osteclysis in pathologlcal material, Cornell Vet.

BELANGELL, L.F., 1869, Osleveylle osteolysils. Caleif. Tiss, Res. A 1-12,

CAMBEROS, H.R., DAVIB, G.K., DJAFAR, M, and BIMPSON, C.F., 1970.
Soft tissue caleifieation in guinea pigs fed the poiscnons plant, Solamim
malacoxylon. Am. J. Vet. Res. 31: 685-696.



221

Caleinogenic plants In Animal Production.

CAMPOS, C.M., LADIZESKEY, M. and MAUTALEN, C., 1973. Effect of
Solanum malscoxylon on the serum levels of ealeium and phosphate of
thyroparathyroidectomized and rachitic rats. Caleif. Tigs. Res. 13:
245-248,

CARRILLO, B.J., 1873. Effecto de la intoxicacion de Solanum malacoxylon en
el sistema oseo. Rev, Inv. Apr, Inta, Buenos Aires Patologia Animal 2
9-30.

CARRILLO, B,J. and WORKER, N.A., 1967, Enteque seco. artericesclercsis
y caleificacion metastatica de origen toxico en animales A pastoreo. Rev,
Inv. Agr., Inta, Argentina, Serie 4. Pat, Animal 4 Vol IV No. 2: 9-30.

COLLIER, W.A., 1927, Zur Kenntnis siner als "Enteque" bezeichneton Kran-
kheit der Rinder in der provinz. Buenos Aires, Z. Infekt Krankh. Parasit.
Krankh. Hyg. Hst. 31: g1-91.

CORRADIND, R.A. and WASSERMAN, R.H., 1971. Vitamin Dq. Induction of
ealeium binding protein in embryonic chick intestin in vifro, Science 172:
T31-733.

CORRADING, R.A., and WASSERMAN, R.H., 1974, 1, 25-dihydroxyeholecaled -
ferol-like sotivity ol Solanum malacoxylon extract in caleium transport.
Nature, 252: T716-T18.

CORRADINO, R.A. EBEL, L.G., CRAIG, P.H. , TAYLOR, A.N, and WARBSER-
MAN, R.H., 1971. Caleium sbsorption and the vitamin D dependent calejum-
hinding protein 1. Inhibition by dietary strontium. Cale, Tiss. Res, 7:81-92,

DAMMRICH, K., DIRESEN, C. and PLANK, P., 1970, Uber eine enzootische
"Kalzinose' beim Rind, 3 Skeletteveranderungen. Dtsch, Tierarztl. Wschr,
T7: 321-3566,

DAMMRICH, K., 1963. Experimentelle D-hypervitaminose bei forkeln.
Zeniralbl, F. Vel. Med. A, 10; 322-349,



222

DELUCA, H.F., 1869, Recent advances in the metabolism and function of vitamin
D. Federation Proe. 28: 1878-1689,

DELUCA, H.F., 1875. The Kdney as an endoerine organ. Involved in the
hanetion of vitamin D. Amer. J. of Med. S8: 3947,

DIRKSEN, G., PLANK, P.. SPEISS, A., HANICHEN, T. and DAMMRICH, K.,
1870. Uber eine enzootische "Kalpinose™ beim Rind. 1. Klinische Beobaoh-
fungen und Untersunchungen. Dtseh. terarztl. Wachr. T7: 321-338.

DIRKSEN, G., PLANK, P., HANICHEN, T. and SPEISS A. 1473, Uber sine
enzootische "Kalzinose! beim Rind. VI Experimentelle Kalzinose beim

Kaninchen dureh zelektive Verfuiterung. Dtach. Tierarztl. Wachr, B:
Iéﬁ_szl

DIRKSEN, G., PLANK, P., SIMON, U., HANICHEN, T., DANIEL, P. and
BPEISS, A., 1974. Uber eilne enzootische "Kalzinose" beim Rind., VI Nachweis-

der kalzinogenen Wirkung van Gold hafer (Irisetum flavescens L.) beim
Wiederkauer, Dtseh. Tieraztl. Wsehr, 81: 1-5.

DOBEREINER, J., TOKARNIA, C.H., DACOSTA, J.B.D. CAMPOS, J.L. K.
and DAYRELL, M.D., 1971. "Espichamento' intoxicacao debovinos por Solanum

malasoxylon on pastaral de mato grosso. Presq. agropee. Bras, Ber. Ver,
6: 91-117.

DIRKSEN, G., PLANK, P., SPEISS, A., HANICHEN, T. and DAMMRICH, K.
1871. The elinical and pathological anatomical features of gn Enzootic
caleinosis in cattle. Vet Med. Rev. (Leverkusen)No. 2/3: 207-23%,

DONE, 58H., DOBEREINER, J. and TORKANIA, C.H.. 1976, Systemic connpe-
tive tigsue caleilication in cattle prisoned by Solamum malacoxylon, A
histologieal study., Br. Vet. J. 132: 28-31.

GILL, B.5., SINGH, M. and CHOPRA, K., 1976. Enzootio caleinosis in sheep,
Clinical signs and pathology. Am. d. Vet. Res. 47: 545-552,

HANICHEN, T., PLANK, P. and DIRKSEN, G., 1970. Uber sine enzootisehe

"Kalzinose" beim Rind. Higstomorphologisehe Befunde an den Weichgawe
Dtsch. tlerarztl Wechr, 77: 321-356.



223
Coleinogenic plants in Animal Production.

HENDERSHOT, J.M., 1842, "Naalehy Dizcage™ Report of Board of Commi-
sgioners of Agriculture and Forestry, Hawaii, Pp. 23-24.

KASALI, O.B., 1876, Cestrum diurnum intoxication in normal and hyperpara-
thyroid pigs. Ph.D. thesis, Cornell University, Ithaca, New York.

KOHLER, H and LIBISELLER, R., 1970, Uber das Aufireten der sogenannten
"Woldekrankheit" bel Kuber in Osterreich im Zussmmenhang mit Dunpung
und Futterung, Zbl. Vet. Med. A. 17(4): 289-337.

EROOK, L., 1970. Metabolie bone diseases of endoering origin. In Handbuch
dor spexiellen Pathologische Anatomie der Haustiere. Berlin I: 324-384.

EROOK, L., LUTWAK, L., MCENTEE, K., BRAUN, R.K., HENRIKSON, P.A.
and ROBERTS, S8.J., 1971, Nutritional hypercaleitoninism in bulls. Cornell Vet
E: G26—-639,

KROOK, 1., TUTWAK, L, MCENTEE, K., BRAUN, R.K. and ROBERTS, 8.J.,
1972, The effects of high dietiry calcium in bulls. Proec, 4th Techn, Coni.
Artif. Tnsem. Reprod., Natl. Assoc. Animal Breeder, Columbia, Missour]
I-mq EE""E?l

EROOE, L., WASSFRMAN, R.H., SHIVELY, J.N., TASHJIAN, A.H., Jr.,

BROKKEN, T.D. and MORTON, J, F., 1975. Hypercalcemia and caleinosis in
Flarida horses: Implication of the shrub, Cestrum diurnum as the causative
agent. Cornell Vet. 65: 26-56.

EROOK, L., WASSERMAN, R.H., MCENTEE, K. and BROKKEN, T.D., and

TEIGLAND, M.D., 1875. Cestrum durmum poisoning in Florida catile. Cornell
Vat, 63 557-575.

LAWSON, D.E.M., FRASER, D.R. KODICEK, E., MORRIS, H.R. and WILLIAME,
DLH., 1971, Tdentification of 1, 25-dihydroxycholesaloiferol, a new kidney
hormone controlling caleium metabolism. Nature 230: 228-230.

LIBISELLER, R. and GUNHOLD, P., 1969, Calcinosen bei Kuhen. Die Nalurwi-
ssenschaften 56: 34,



224

LIGNIERES, J., 1898, Contribution a Iétude de 1a pasteurellose bovine conn @
en Arpgentine sous los noms de Diarrhee et "Enteque. Bull. de la
Sociate Centrale de Med. Vet. Nouvelle serie. Tome XVI: p. 76l.

LYND, F.T.,, 1969. Disturbance of mineral metabolism i "Naalehu diseaze"
of eatfle, San Antonio, Texas, University of Texas Med. School.

LYND, F.T., WILLERS, E.H., WEIGHT, L.A. und GEBAUER, P.W., 1943,
Bovine arteriosclerosis in Huwail. Am. J. Vet. Res. 26: 1344-1349.

MARCILESE, N.A., BALSECCHI, R.M., ROSSI, F.M., ROUTELLI, M.D. and
FIGUEIRAS, H.D., 1971. Proceedings Series, Internstional Atomic Energy
Agency, Vienna, 73-740.

MAUTALEN, C.A., 1972, Mechanism of Actlon of Solanum malacoxylon upon
caleium and phosphate metabolism, Endoorinclogy #: 583-567.

NORMAN, A.W., MYRTH, J.F., MIDGETT, NOWICEI, H.G., WILLIAMS, V.
and POPJAK, G,, 1971, 1, 25-dihydroxycholecaleifercl: identifteation of the
proposed form of vitamin Dy in the inlestine. Seience 173: 51-54.

NORMAN, A, W, and HENRY, H., 1974, 1,25-dihydroxycholecaleiferol, a hor-
monally active form of vitamin Dy. Recenl Progress in Hormone Researc
S 3L =380,

OMDAHL, J. L. and DELUCA, H.F., 1972. Rechitogenic notivity of dietary
gtrontium L. Inhibition of intestinal caleium absorption and 1, 25-dihydrox;
cholecaleiferol aynthesis. J. Biol. Chem. 247: 5526,

OMDAHL, J. L. and DELUCA, H.F. 1873, Regulation of vitamin D. metaboliss
and functlon. Physiological Reviews. 53: 337-365.

ONDERSCHEEA, K., LABER, B., SZEKELY, H. and BINDER, K., 1967,
Chronischer Magnesium-mangel bei Kuhen, Wiener tHerarztl. Wschr. b4
219-236.

PARDI, M.C. und DOSSANTOSS, J.A., 1947. Osaifacacne palmonnr o onloifl-
cacao vascular em bovines do partunsl matogrossense, Veterinaria Rio d
Janeiro 1: 3-7.



225
Calcinogenic Plants in Animal Production.

PETERLIK, M. and WASSERMAN, R.H., 1975. 1, 25-dihydroxycholecaleiferal-
like activity In Solanum malacoxylon, Purification and partial characteriza-

tion. Fed. Europ. Biol. Soc. Letters, 56: 16-19,

ROSS, E. and FURUMOTO, H.H. , 1870, The eflect of dried fruit of Solanum
sodomaeum on Japanese guail and 8. . White Leghorn cockerel chicks.
Poultry Sei. 49: 13-15,

SANSOM, B.F., VAGG, M.J. and DOBEREINER, J., 1971, The effects of
Bolanmum malacoxylon on calcium metabolism in cattle. Res. Yet. Sei, 18:
Eﬂ*i—ﬁﬂﬁ-

SCARFELLI, D.d., 1965. Experimental nephrocalcinosis. A biochemical and
morphology study. Lab. Invest, 14: 123-141,

SCARPELLI, D.G., TREMBLAR, G. and PEARSE, A.G.E., 1960, A compara-
tive eytochemiecal and eytologic study of vitamin D induced nephrocaleinosis,
Amer, J. Path. 36: 331- ;3.

SINGH, C.B., GILL, B.S. and RAND HAWA, N. 5. 1976. Enzootic caleinogis in
shoop; Boil Plant. Animal Relativoshlp. J, Am. Vet. Hesg. 37: 553-556,

URIBE, A., H’ELIGK, N.F., JORGENSEN, N.A. and DELUCA, H.F., 1974,
Aotion of Solanum malacoxylon on caleium maetabholism in the rat, Biochem,
Biophysies Res. Commun. 58: 257-262,

WALLING, M. W. and KINBERG, D.V., 1975. Calcium absorption by the Intestine,

Stimulation in vitamin D deficient nephrectomized rats by Solasum malacoxylon,

Gastroenterology, 60: 200-205.

WASSERMAN, R.H., 1974, Caleium absorption and caleium binding protein
synthesis: Solanum mulacoxylon reverses strontium inhibition. Sclence
183: 1092-1094.

WASSERMAN, R.H., 1875. Metabolism function and elinical aspects of vitamin
D. Qornell Vet. 65: 3-25.



226

WASBSERMAN, R.H., CORRADING, R.A., KROOK, L., HUGHES, M.R. and
HAUSSLER, M.R., 1976, Studies on the l,Eﬁ—dihyerxjrﬁhule'ualniIﬂrnl—likﬂ
activity In a ¢caleinogenic plant, Cestrum diurnum. J. Nutrition, 10G:

WASSERMAN, R.H., CORRADINO, R.A. and KROOK, L., 1875. Cestrum
diurnum. A domestie plant with 1, 25-dihydroxycholecaleiferol -like
activity. Biochem. Biophys. Res. Comm. 62: 85-l.

WASSERMAN, R.H., CORRADING, R.A. and TAYLOR, A.N., 1968, Vitamin
D dependent caleium-binding protein. J. Biol. Uhem. 243} 39TR-3984,

WILLERS, E.H., LYND, F.T., WEIGHT, L.A. and MIYAHARA, A.Y., 1966
Experimental studies on bovine arteriosclerosis in Hawall, Am, J. Vet
Resa. 26: No. 115: 1350-13565.

WORKER, N.A. snd CARRILLO, B.J., 1967. "Enteque Seco' caleification and
wasting in grazing animals in the Argentine. Nature 215: 72-74,




