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CHAPTER- I

INTRODUCTION

Man and animals mostly depend on vegetable kingdom for their food. Plants by
their metabolic activities besides being the source of feed and fodder also elaborate other
substances viz. alkaloids, glycosides, toxalbumins, essential oils, resins, bitter principles
etc, which are important from medicinal as well as toxicological point of view. The
phytotoxins found in plants adversely affect livestock production and health. The well
known examples include gossypol in cotton seed cake, linamarin in linseed meal, lectin
and trypsin inhibitor in soyabean meal etc. In India there are 700 poisonous plant species

belonging to more than 90 different families.

Animals particularly the grazing livestock being indiscriminate eaters, when
hungry they ingest food as well as nonfood plants, particularly during the scarcity periods.
Absence of specific grazing areas/pasture fields in our country confounds the problem of
plant toxicity due to wide distribution of non food/toxic plants in the waste lands, the so
called grazing area of our livestock. In the settlement of new areas, both the livestock and
ranchers were inexperienced as to the toxicity of native plants, causing serious livestock
health concerns. Therefore, there is the necessity of detailed toxicological investigations of

the suspected hazardous plants/feedstuffs.

Jatropha curcas (Family: Euphorbiaceae), popularly known as "Ratanjyot" is one
such plants reported to possess several medicinal and toxicological properties. The root,
stem, leaves, seeds and fruits of the plant have been widely used in traditional folk
medicine (Chopra et al., 1956; Kirtikar and Basu, 1975; Nadkarni, 1998). Different species

of Genus including J. curcas has been claimed to have a wide range of medicinal



properties such as tonic, analgesic, tranquilizer, abortifacient and in the treatment of
rheumatism and gout (Okuyama et al., 1996; Schmeda et al, 1996). In addition these
plants were also reported to possess anti-haemoprotozoan and vector control efficacies
(Singh et al.,1997; Karmegam et al, 1997; Ruppel and Doenhoff,1998), pisicidal action
(Singh et al ., 2002), anti-platelet aggregation (Dutra et al., 1996), anti-tumor effects (Lin et
al, 2003) and as molluscicide and schistosome larvicidal properties (Melanie and

Andreas, 2000).

The plant J. curcas has recently come in limelight due to its potential as a source
of much publicized “bio-diesel" in the state of Chhattisgarh. Further, it is also being
contemplated to use its oil extracted seed as a source of altemnative protein to meet ihe
shortage of concentrate feed to the livestock. In addition to being a source of oil, Jatropha
also provides a meal that serves as a highly nutritious and economic protein supplement
in animal feed (defatted meal is estimated to contain 53 to 58 % crude protein), if the

toxins are removed (Becker and Makkar, 1998).

A recent study (Aregheore et al., 2003) revealed that J. curcas seed meal reduced
of its phorbol ester level to a tolerable level of 0.09 mg/gm had 68 % crude protein, much
higher than most of the oilseed meals. Further, some investigators have expressed

existence of nontoxic and toxic varieties of J. curcas (Makkar et al., 1998).

Many cases of poisoning with ratanjyot seed are reported in the literature. The
toxicity of its ground seeds has been demonstrated in mice, rats, goats, sheep, calves and
chicks (Adam and Magzoub, 1975; Ahmed and Adam, 1979 a,b; Libqrglino ef al.,1988; EI-
Badwi et al.,1995). However, the toxicological potential of J. curcas of Chhattisgarh region
is not reported. In light of the above the present investigation is considered worthwhile to

evaluate the adverse effects, if any, of feeding the local variety of J. curcas seeds in



experimental animals (albino rats) in order to evaluate the possibility, if any, of their utility
as a source of protein supplement in animal feeds. Hence, the present research work is

planned with the following objectives:

1. To study the acute oral toxicity of the aqueous extract of powdered Jatropha curcas
seed in albino rats and to determine its oral LDsp.

2. To study sub acute toxicity of the powdered seed of J. curcas in albino rats
characterized by changes in behavior Appearance of toxic signs and symptoms,
feed intake and growth rate.

3. To find out the alterations, if any, in the biochemical and haematological parameters
and histopathological changes in visceral organs of treated rats.
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REVIEW OF LITERATURE

DESCRIPTION OF THE PLANT
Distribution

The Genus Jatropha belongs to the family Euphorbiaceae and thus closely related
to other important commercial/cultivated plants like rubber tree, caster, Acacia etc. fhe
Genus comprises of 160 -175 species, out of which nine species are recorded in India. It
is believed to be native of Mexico and tropical America, but later spread to other
continents of the world by Portuguese settlers (Aponte, 1978). Today it is found in almost
all the tropical and subtropical regions of the world, including all over our country. The

plant is popular through different vernacular names in India as listed below:

English : Physic nut, Purging nut, Barbados nut, Black
vomit nut, Curcas bean

Local name : Ratanjyot

Hindi : Jungli arandi, Pahari erand

Sanskrit : ' Dravanti

Malayalam ; Katalavanakku, Kammati

Tamil ; Kattukkottai

Telugu : Adavi-amudamu

Bengali : Bon-bheranda

Gujarati : Jamalghota, Ratanjota



Botanical Characteristics

J. curcas is a small evergreen annual shrub or short-lived tree. The plant ranges in height
from 3 to § meters. Stems are thick, green, glaborous, mostly herbaceous or somewhat
succulent, becoming woody at the base. Leaves are alterate, long, petioled, palmately
veined, cordate to truncate at the base, about 6 inches wide, with 3 to 5 shallow lobes.
The flowers are small yellow, unisexual and are present in clusters in leaf axils, mostly
hidden in leaf foliage. The fruits are ovoid and located in locular capsules, at first green
and fleshy, becoming brownish or black and dry at maturity, containing up to 3 black

seeds of about 20 mm in length.
Chemical Constituents

Seeds of J. curcas contain a toxic principle curcin (Chopra et al., 1956). The seed
kermel also contain a fatty oil, two phytoesterols, a phytosterolin (glucoside of
phytoesterol), large amount of sucrose and resinous matter having nauseating, purging

and griping effect.

Watt and Breyer (1962) reported that the bark, fruit, leaf, root and wood of J.
curcas contained hydrocyanic acid.

Lampe and Fagerstrom (1968) reported the presence of dermatitis producing
resin in the plant of Jatropha curcas.

Joubert et al. (1984) reported isolation of a purgative oil from the seeds of J.
curcas (also known as hell oil, pinheon oil) containing small amount of an irritant
curcanoleic acid which is related to ricinoleic acid and crotonoleic acid, the fatty acid
ingredient of castor oil and croton oil respectively. Diterpenes have been isolated from
seeds of J.curcas (Adolf et al., 1984) and roots (Naengohomnong ef al., 1986; Chen et

al., 1988).



Rastogi and Mehrotra (1993) reported isolation of palmitic acid, oleic acid and
linoleic acid; two flavanoid glycosides | and Il along with stigmasterol and B-sitosterol from
leaves; B-sitosterol-B-D-glucoside, 7-keto-sitosterol, stigmasterol, stimast-5-en-38, 7B-diol,

campesterol and 1-triacontanol from seeds of J. curcas.

The seeds of J. curcas contain toxic constituents like curcine, curcasin and a
resinous toxalbumin curcin, with 6.62 % moisture, 18.02 % protein, 38 % fat,
carbohydrates 17.98 % , 15.50 % fiber and 4.50 % ash and the seed oil contains 37-68 %

oleic acid, 19-41 % linoleic acid and 12-17 % palmitic acid (http://www.novodboard.com/

Jatropha doc, 2006).

TOXICOLOGY

Lampe and Fagerstrom (1968) reported hypersensitivity characterized by
dermatitis in sensitive individuals following skin exposure to a chemical irritant present in

J. curcas plant.

Adam (1974) reported high mortality in mice fed 40 to 50 % of J. curcas seed in
their feed. The important symptoms of poisoning recorded by them were diarrhoea,
inability to keep normal posture and depression. The most marked pathological changes
observed in the mice were catarrhal enteritis, erosion of intestine, congestion or

hemorrhages in small intestine, heart and lung and fatty changes in the liver and kidney.

Adam and Magzoub (1975) carried out toxicity studies of J. curcas in goats.
Eleven Nubian goats were fed with seeds at doses ranging from 0.25 to 10 gm/kg/day. Al
dose levels were found to be toxic with fatal consequences within 2 to 21 days. Liver
biopsy samples taken 2 days after the start of feeding and subsequent biopsies showed

congestion, varying degrees of fatty change, considerable reduction in glycogen content



and necrosis of the hepatocytes. Lack of appetite, reduced water consumption, diarrhoea,
dehydration, sunken eyes and a steadily deteriorating condition were reported as the
important clinical signs of Jatropha intoxication in goats. In all animals there was a
decrease in the level of glucose and a marked rise in the concentration of arginase and
glutamate oxaloacetate transminase (GOT) in the serum. Post-mortem examination
revealed haemorrhage in the rumen, reticulum, kidney, spleen and heart, catarrhal or
haemorrhagic abomasitis and enteritis, congestion and oedema of the lung and excessive

fluid in serous cavities.

Stirpe et al. (1976) conducted a comparative oral dosing toxicity study of curcin
and crotin (Croton tiglium) in mice. They found that curcin, as compared to C. tiglium had
slightly more rapid action with symptoms beginning at 12 hours and most of the deaths
occurring with in 48 hours of poisoning. The toxicity signs were similar in both the toxicities
except, that the neurological signs (waddling, fine-tremors, rocking occasionélly
convulsion etc) were more severe among the mice treated with crotin. The post-mortem
examination showed degenerative lesions in liver, pancreas and spleen along with
hyperemia of intestine, some times ascites. The whole picture of toxicity of curcin and

crotin resembled that of rats poisoned with ricin.

Ahmed and Adam (1979a) evaluated toxicity of J. curcas in calves orally
administered the water (stomach tube) in which Jatropha seeds were suspended at single
doses of 2.5, 1 or 0.25 gm/kg in six calves and to two other calves at 0.025 gm/kg daily for
10 or 14 days. They reported that onset of toxic signs in the six calves given a single dose
was rapid followed by death with in 19 hours. The two calves that received daily doses
developed toxic signs and died after 10 and 14 days. The clinical signs exhibited by the
animals such as diarrhoea, dyspnoea, dehydration and loss of condition were found well

correlated with the pathological findings. Further, the authors recorded increases in



aspartate aminotransferase, ammonia and potassium and decreases in total protein and

calcium in the serum of affected calves.

Ahmed and Adam (1979 b) reported toxicity of J. curcas in desert sheep and
Nubian goats fed its seeds at 0.05, 0.5 and 1gm/kg/day. They recorded diarrhoea, reduced
water consumption, dehydration, sunken eyes, inappetence and loss in condition as the
important signs in both sheep and goats. The main pathological changes noted were
haemorrhage in rumen, reticulum, lungs, kidneys and heart, catarrhal and/ or haemorrhagic
enteritis, hepatic fatty changes, pulmonary congestion and oedema with straw coloured
fluid in serous cavities. An increase in the concentrations of aspartate aminotransferase,
ammonia, potassium and sodium and decreases in total protein and calcium were also

detected in the blood serum of the animals.

Barri et al. (1983) conducted toxicity studies on J. aceroides (a plant very much
similar to J.curcas) in sheep and goats, where the animals were fed the plant material at
oral doses of 0.5 to 10 gm/kg/day. They reported death of the animals at both the dose
levels between day one and 2 weeks of treatment. The clinical, haematological and
pathological changes in J. aceroides toxicity were attributed to reduced ability of liver to
synthesize protein. Renal dysfunction and haemoconcentration were also observed. The
important post-mortem and histological findings observed by the authors included lesions in

the liver, pancreas and spleen; hyperemia of the intestine and some ascites.

Joubert et al. (1984) based on an in vitro study showed that a phytotoxin of J.
curcas seeds caused agglutination of erythrocytes. They did also report a case of acute
poisoning of purging nut in children.

Abdu-Aguye et al. (1986) also reported J. curcas seed poisoning in children, where

the toxicity signs such as restlessness, drowsiness, vomition, diarrhoea and moderate



dehydration were recorded. The laboratory examinations revealed normal haemoglobin,
normal liver function tests and mild alkalosis among the affected children. The authors also
recorded toxicity of J. curcas seeds in mice, which were fed diets mixed with the seeds.
Post-mortem examination revealed infarction of various parts of the gastrointestinal tract
with congested vessels. Sodium chloride solution (150 mmol saline) extract of the dried
seed administered intraperitoneally in mice caused death at doses as low as 1 mg/kg. Post-
mortem studies in this case also showed widespread haemorrhages involving the colon,
lungs as well as infarction of the liver. Larger intraperitoneal doses (greater than 30 mg/kg)

were lethal rapidly, but not associated with gross gastrointestinal haemorrhage.

Fojas ef al. (1986) reported that the extract of the leaves of J. curcas showed
potent cardiovascular action in guinea pigs and might be possible source of B blocker

agents.

El-Badwai et al. (1992) studied toxicity of low level dietary intake of J. curcas seeds
in Brown Hisex chicks. The seeds at 0.1 and 0.5% to level in feed resulted in reduced
growth rate, hepatonephropathies and widespread hemorrhages and congestion in internal

organs in the chicks.

El-Badwai et al. (1995) carried out comparative toxicity study of Ricinus communis
and J. curcas in Brown Hisex chicks fed diets containing 0.5 % of seeds of the planis.
Symptoms, lesions and changes in growth, haematology and clinical chemistry were also
investigated in Brown Hisex chicks. High mortality and more severe changes occurred in

chicks on Ricinus diet than Jatropha feed.

Goonasekera et al. (1995) investigated fertility-regulating effects of J. curcas fruit
extracts in pregnant rats orally administered @ 0.12 to 3.13 gm/kg for different periods.

Foetal resorption was observed with methanol, petroleum ether and dichloromethane
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extracts indicating abortifacient properties of its fruit. The results also suggested that the
interruption of pregnancy occurred at an early stage after implantation. This effect was
observed even when the extracts were given from the 6% to the 8% days of pregnancy. i_oss
of body weight during the dosing period, ranging from slight to severe was seen in the
treated animals. Marked toxicity was observed with some extracts when given over a

relatively longer period of 10 days or more.

Gandhi et al. (1995) studied the toxicity of Ratanjyot oil. The proximate
composition of the kernels and physicochemical characteristics of its oil were also
determined. The kernels constituted 62% of the seed and contained 52% oil (phorbol
esters). A toxic fraction (2.4%) containing the phorbol esters was isolated from the oil. The
acute oral LDs of the oil was found to be 6 mi/kg body weight in rats. The oil caused severe
diarrhoea and gastro-intestinal inflammation. The isolated toxic fraction, when applied to the
skin of rabbits and rats, produced a severely irritant reaction followed by necrosis. The
fraction was also found to cause death of mice following dermal application. The oil and the
toxic fraction at 25 and 1 mg respectively in 10 ml saline showed haemolytic activity,

disrupting the integrity of red blood cells in vitro.

Makonnen et al. (1997) reported antifertility effect of J. curas seeds in guinea pigs.
They observed that a crude extract of seeds orally administered @ 0.3 gm/kg daily to
mature female albino guinea pigs for one week before mating significantly reduced the
number of births. Further they reported that when the extract was administered at the same
dose for 10 days before mating and for 27 days after mating resulted in anti-implantation
and abortifacient effects. The extract when administered over a period of 27 days was also
noted to prolong oestrus cycle in guinea pigs. The weight of the uterus was found reduced
in animals treated with the extract, while that of the ovaries did not show any significant

change from that of the control.
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Oluwole et al, (1997) investigated the effects of methanolic extract of J. curcas on
haematological parameters in male albino rats. The extract was found to cause a
progressive reduction in packed cell volume, haemoglobin concentration and red cell count.
The reduction in the values of red blood cell counts and haemoglobin concentration were
significantly pronounced following 8 to 10 days of treatment. It was suggested that J. curcas
caused macrocytic hypochromic anaemia in rats. The LDso value of the extract in rats was

found as 25.19 mg/kg.

Makkar et al. (1998) evaluated non-toxic and toxic varities of J. curcas for chemical
composition, digestibility, protein degradability and toxic factors. They reported that the
meal (defatted kernels) had a CP content of 57.13, 61.9, 56.1 and 64.4% for Cape Verde,
Nicargua, Ife-Nigeria and non-toxic Mexico verities, respectively and about 90% of this CP
as true protein. The amino acid composition of meals from Cape Verde, Nicargua and non-
toxic Mexico varieties was similar. The levels of essential amino acid except lysine were
higher than that for the FAO reference protein. The meal from the toxic variety (Cape-
Verde) did not have any anti-fermentative activity on rumen microbes. The estimrated
digestible organic matter (DOM) and ME for the shells were low (26.2-27.1% and 2.4-2.8
MJ/kg), where as these values for Jatropha meals were 77.3-78.4% and 10.7-10.9 MJ/kg.
Tannins, Cyanogens, glucosinolates and amylase inhibitors were not detected in meals of
the 4 varities. A small amount of tannins were present in shells (2.0-2.9%as tannic acid
equivalent). High levels of trypsin inhibitor activity, lectin and phytate were observed in the
meals. The concentrations of phorbol esters in kernels of Cape Verde, Nicargua and Ife-
Nigeria varieties were 2.70, 2.17 and 2.30 mg/g, where as kernels of non-toxic Mexican had
a very low level (0.11mg/g) of phorbol esters. Further, they reported Jatropha cﬁrcas

toxicity in rodents, man and livestock. Phorbol esters were identified main toxic agents. The
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important clinical signs include lower average metabolic growth rate, faecal mucus

production and rejection of feed, after feeding these phorbol esters to the carps.

Adeyemi et al. (2001) studied toxic effect of feeding boiled J. curcas seeqs in
chicks. Feeding boiled J. curcas seeds to the chicks produced growth depression,
hepatonephropathy and hemorrhages in visceral organs. Increasing the concentration of
boiled seeds in the diet was noted to decrease feed intake, weight gain and protein
efficiency. It also decreased the gross blood features, serum total protein, albumin and

globulin accompanied by increased serum creatinine levels.

Singh et al. (2002) showed fatal effect of some common Indian plants of

Euphorbiaceae family including Jatropha curcas on fresh water fish.

The comparative toxicity of Crofon macrostachys, J. curcas and Piper abyssinica
seeds was investigated in Nubian goat kids by Abdel- Gadir et al. (2003). The kids were
treated with C. macrostachys seeds at 1 or 0.25 gm/kg/day, J. curcas seeds at 1 or 0.25
gm/kg/day and P. abyssinica seeds at 1 or 0.25 gm/kg/day. Both oral dose levels of C.
macrostachys and J. curcas seeds were lethal for kids between 7 and 21 days, following
bloody diarrhoea, dyspnoea, dehydration, loss in condition, paresis of the hind limbs and
recumbency. Lesions noted in the affected animals included widespread haemorrhages
and congestion, enterohepatonephrotoxicity, pulmonary haemorrhage, emphysema and
cyanosis, tracheal froths, ascites and hydropericardium. These lesions were accompanied
by increases in the activity of serum AST and in the concentration of urea, decreases in

total protein and albumin, and anaemia and leukopenia.

Poisoning from ingestion of seeds of Jatropha plant is very well known in veterinary
practice area. Autopsy includes severe gastroenteritis, nephritis, myocardial degeneration,

haemagglutination and sub-epicardial sub-endocardial hemorrhage as well as renal sub-
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cortical and sub-plural bleeding (http://www.fiuoridealert.org/pesticides/fluorine. eu.report.

2003).

Abd-Elhamid (2004) carried out toxicological and histopathological investigations
on the acetonitrile extract from J. curcas seeds in comparison to praziquantel, the known
antischistosomal drug. On a constant weight dose bases (single dose of 50 mg/kg body
weight administered orally to albino rats), the acetonitrile extract showed significant
increase in serum AST, ALT and creatinine and non-significant changes in lipid and protein

profiles of in rats.

Kulkarni et al. (2005) reported accidental poisoning among children manifested

predominantly by gastro intestinal signs, headache and fever.
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CHAPTER - lll
MATERIALS AND METHODS
The present investigations consisted of screening local variety of Jatropha curcas
seeds for their toxicological actions in albino rats. The various materials used and

methods employed are described in this Chapter.

PLANT MATERIAL

The seeds of J.curcas were locally collected in bulk in the month of March-April
from the premises of College of Veterinary Science & A.H., Anjora, Durg campus, The
plant species was authenticated after botanical identification (Fig.1). The seeds (Fig. 2)
were properly cleaned to free from any extraneous dust or other material. The cleaned
seeds were shade dried and reduced to fine powder with the help of an electrical grinder.
The seed powder so obtained was stored in air tight containers and used as such for
preparation of the extract or experimental diets, whenever required.
De-oiling Process

A part of the powder was de-oiled, for the removal of fat. Twenty- five gm of the
powder was taken in a 500 ml capacity conical flask. Two hundred ml of organic solvent
diethyl ether was added into the flask and kept in refrigerator for 72 hr for maceration.
The contents of the flask was shaken intermittently daily during the maceration period.
Meanwhile in this period, the supernatant solvent was separated and again 50 ml of
fresh solvent was added to remove any left portion of the fat, if any. At the end of 72 hr,
the remaining portion of the solvent was completely expelled from the seed powder.
Preparation of Extracts

The whole and the de-oiled portion of powdered seeds of J. curcas were processed

to obtain aqueous extracts as described below:



Fig.1: Plant of Jatropha curcas (Ratanjyot) with
mature fruits

Fig.2: Whole seeds of Jatropha curcas (Ratanjyot)
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Cold Aqueous Extracts: Twenty-five gm of powder of whole seeds and defatted seeds
was taken in 500 ml capacity conical flasks. One hundred ml of water was added into the
flasks and kept in refrigerator for 72 hours for maceration. The contents of the flasks was
shaken intermittently daily during the maceration period. After the end of 72 hr, the
contents of the flasks was filtered through Whatman No. 1 filter paper and its volume was
made to 50 ml. The extracts were stored in air tight bottles and preserved in refrigerator
for use whenever required.
Hot Aqueous Extract: Twenty-five gm of whole seed powder was taken in a 500 mi
capacity conical flask. Two hundred ml of water was added to the flask and kept under
boiling ill the water volume was reduced up to 100 ml. After cooling, the contents of the
flask were filtered through Whatman No.1 filter paper. The volume of the filtrate was made
up to 50 ml and stored in air tight bottle in a refrigerator for use whenever required.
PREPARATION OF EXPERIMENTAL ANIMAL DIETS

The experimental diets for feeding to the animals were prepared after consulting
with the Department of Animal Nutrition, College of Veterinary Science & AH, Anjora,
Durg. The control diet (standard diet) provided 22% CP containing normal feed
ingredients. The modified diets were prepared by replacing the normal feed ingredients to
an extent of 50 and 25% of the CP with J. curcas whole seed powder. The composition of

the experimental diets is shown in Table 1.
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Table 1: Composition of experimental diets

Proportion (100 gm)
: Diet with Jatropha protein
ingradient Control Diet supplementation (%)
25 50
Maize 52.0 29.0 8.0
Soyabean 34.0 20.0 16.0
Rice Polish 6.0 4.0 5.0
Groundnut Cake 7.0 14.0 7.0
Jatropha Seed 0.0 32.0 63.0
Vitamin-Mineral
Pre-mix 1.0 1.0 1.0
Total 100 100 100
TOXICITY STUDIES

The toxicity investigations included acute and sub-acute toxicity studies. The hot
and cold aqueous extracts of seeds of J. curcas were selected for screening their acute

toxicity study as described below.

Experimental Animals

Young weaned Wistar rats (60-75 gm) of either sex were obtained from a laboratory
animal breeder. The animals were housed in the Lab Animal House attached to the
Department of Veterinary Pharmacology and Toxicology under normal housing conditions
and fed with standard feed with free access to clean drinking water. After sufficient period
of acclimatization to the experimental conditions, the animalé were randomly selected for
the acute and sub-acute toxicity testing.

Acute Oral Toxicity Study

Acute oral toxicity test was undertaken to find out the nature of toxicity, if any, the
intensity of acute toxic potential and to determine the median lethal dose of aqueous
extract of whole and de-oiled (defatted) Jatropha seed powder.

The acute toxicity was studied in rats using the whole seed powder as well as the

defatted seed powder of J. curcas. The seed powders were processed to obtain cold and
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hot aqueous extracts as explained above. Initially, pilot trials were conducted by orally
administering the cold aqueous extracts (whole seeds and defatted seeds) at a random
dose level corresponding to 1000 or 3000 mg/kg in one male and female rat. As there was
no toxicity in any of the rats, the maximum possible volume for single dosing of the
extracts i.e. one mi/rat, corresponding to 7000 mg/kg was administered in two more rats.
No mortality was also noted up to 48 hr of post-administration of 7000 mg/kg dose of the
extract. Therefore, it was decided to repeat the maximum dose of 7000 mg/kg using 10
rats (five male and five female rats) for the two cold extracts (Groups Il and Ill). The same
schedule was repeated using the hot aqueous extract of whole seed powder (Group V). A
control group of similar number of animals, was like-wise administered normal saline- @
one ml/rat was simultaneously run (Group I). All the rats were kept under observation for
noting change in behaviour and development of toxicity signs and symptoms, if any, up to
a period of seven days thereafter. The body weight of the rats in the four groups was

recorded prior to dosing of the extracts and on 7t day of post-treatment.
Subacute Toxicity Study

Subacute toxicity test was undertaken to find out the effect of phytotoxins present
in J. curcas seeds on various systems of the body following repeated exposure at sub-
toxic doses. For this purpose, weanling albino rats of either sex were taken. Fifty-two rats
were randomly assigned to three groups as summarized in Table 2.

Table 2: Experimental design for subacute toxicity of J. curcas. seeds

Glfﬁp No. of Rats Treatment *
I 20 (10 male + 10 female) Normal diet (Control diet)
Il 16 (8 male + 8 female) Jatropha protein supplementation (25%)
I 16 (8 male + 8 female) Jatropha protein supplementation (50%)
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The first group rats were fed normal standard ration, which served as control
> group. The second and third group rats were fed modified ration. The toxicity trial was

initially designed for a period of 90 consecutive days. The following observations were

recorded in the three groups:
a. General Studies:

The general observations which were recorded included, behaviour of the
animals, toxic signs and symptoms and feed intake (daily observation) and body weight at
weekly intervals. The animals were provided with liberal but measured quantity of the feed

- daily as per the experimental protocol and water was provided ad /ibitum. Quantity of the
feed left over on subsequent day was also measured before providing fresh feed. The
mean intake of feed (in gm) per rat per day for each group was calculated week wise.
Individual body weight (in gm) were recorded at the beginning of the study and then at
weekly intervals thereafter. |
b. Biochemical Studies:

The following biochemical parameters were estimated using blood plasma on day
0 (pre-treatment), 15 (mid-treatment) and 21 days (post-treatment).

Glucose (mg/dl)
Total protein (gm/dl)
Creatinine (mg/dI)

Glutamate pyruvate transaminase (U/L)

Ly o RS TR, o

Glutamate oxalo-acetate transaminase (U/L)
6. Alkaline phosphatase (U/L)

The blood samples collected either through cardiac puncture or after decapitation
were heparinized. The above estimations were carried out by standard procedures using

the diagnostic kits (Bayer's Diagnostics, Baroda) with the help of a semi-automated

analyzer (RA-50 Chemistry).
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¢. Haematological Studies:

The haematological parameters were studied using whole blood on day 0 (pre-
treatment), 15 (mid-treatment) and 21 days (post-treatment).The blood was collected from
retro orbital bleeding method (Talwar, 1983). Heparin was used to collect the blood as an
anticoagulant (0.2 mg/ml). The rats were held against a wire grid under the left hand and
restricted by holding its tail with right hand. It is immobilized by pressing down on to the
back with left hand holding the scalp of neck and exerted traction by forefinger and thumb
on the skin close to the eye. Using the right hand, tip of the clean and fine capillary tube
was inserted gently in the inner angle of eye. It was slided under the eye ball at 45° angel
and over the bony socket to rupture the fragile venous capillaries of the ophthalmic
venous plexus. The tip of the capillary tube slightly retracted and the blood accumulated in
the orbital cavity was collected in a fresh and sterilized glass vial. To have smooth flow of
the blood and to avoid clotting, the capillary tube was rotated slightly during bleeding. After
collecting the desired volume of blood, capillary tube was removed with simultaneous
release of pressure by forefinger and thumb. Any residual blood droplet around the eye
ball was wiped off by dry cotton wool. The following haematological parameters were
carried out by the standard methods of Jain (1986) and expressed as follows:

1. Total erythrocyte count (TEC; millions/cumm)
2. Total leucocyte count (TLC; thousands/cumm)
3. Haemoglobin (Hb; gm %)
4. Mean corpuscular volume (MCV; cubic microns )
5. Mean corpuscular haemoglobin (MCH; picograms)
6. Mean corpuscular haemoglobin concentration (MCHC; %)
7. Packed cell volume (PCV; %)
In addition blood smears were made from all the animals and DLC was carried out by

conventional microscopy. The smears were stained with Leishman stain (Jain, 1986).
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d.  Pathological Findings:

All the animals which succumbed to the toxicity were critically and closely
examined for appearance of gross pathological lesions, if any, in comparison to the
sacrificed control group rats. The lesions in the different organs were noted down for each
animal separately. The tissue samples, which appear abnormal, were collected in 10 %
formal saline solution for histopathology. The routine procedure adopted at Department of
Pathology, College of Veterinary Science and AH, Anjora, Durg was employed for
histopathological examination. Sections were cut at 3-5 i and stained with haemotoxylin

and eosin (H and E) as per the standard method (Luna, 1968; Culling, 1974).

STATISTICAL ANALYSIS

The data of body weight, feed intake, biochemical and haematological analyses
were subjected to ANOVA to find out statistical variation between the mean values of
different groups at different intervals of the observation period using the software SPSS 10

for Windows.
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CHAPTER - IV

RESULTS AND DISCUSSION
The present investigations included study of acute and short-term toxicity of J.
curcas seeds in Wistar rats. The various observations and results are presented and
discussed in this Chapter.

ACUTE TOXICITY

Toxicity Signs and Symptoms

The rats administered the cold aqueous extracts of whole seeds or defatted
seeds @ 7000 mglkg showed circling movement after about 15 to 20 min of oral
administration followed by depression and remained off feed for about 2 to 3 hr thereafter.
The rats in both the groups (Il and Ill) showed blood-tinged loose feces on the next day.
All the rats became normal after 2 to 3 days of treatment and there was no mortality up to
seven days of post-treatment.

The rats administered the hot aqueous extract of whole seeds (Group V) were
dull and depressed after about 15 to 20 min of administration. Al these rats became
normal about 4 to 6 hr thereafter and did not show blood-tinged feces. There was also no
mortality in this group up to seven days of post-treatment. All the rats in control group
remained healthy all through the observation period.

Since there was no mortality at the highest possible dose of the prepared
extracts, the acute oral LDsy was presumed to be more than 7000 mg/kg. The toxic
principle of the seeds may not be water soluble, and therefore, the J. curcas seed crude
aqueous extracts were considered as relatively non-toxic. There are no reports of acute

toxicity of aqueous extract of Jatropha seeds in laboratory animals.
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Effect on Body Weight

The body weight data of rats treated with acute doses of aqueous extracts of J.
curcas seeds are represented in Table 3. The pre-treatment body weights of the rats in
the four groups 73.6 + 1.06, 70.2 + 0.74, 70.4 + 0.69 and 70.6 + 0.52 gm respectively. At
the end of the post-treatment observation period (seven days) their respective body
weights were 78.3 + 1.53, 75.1 £ 0.72, 76.0 + 1.04 and 76.3 + 0.73 gm. However, __lhe
variation in the mean body weights between the groups was statistically similar. The gain

in body weight on 7t post-treatment day among the four groups ranged between 4.7 and

1

5.7 gm.
Table 3: Body weight of rats following acute oral administration of J. curcas seed aqueous
extracts
: —
Group@ | J. curcas Seed Aqueous Body Weight (gm) + SE
No. Extract (@7000 mg/kg) ® Pre-treatment Post-treatment 7t day
| Normal saline (Control) 73.6+1.06 783+ 153
Il Cold: Whole seeds 70.2+0.74 75.1 +0.72
1] Cold: Defatted seeds 70.4 + 0.69 76.0 +1.04
v Hot: Whole seeds 706 +0.52 76.3+0.73

a: Each group contained five male and five female rats
b: Administered orally in volume of 1 ml/rat
Variation in mean body weights between different groups is non-significant

SUBACUTE TOXICITY

General Observations
Toxicity Signs and Symptoms

The rats in both the groups which received the Jatropha seed protein supplementation
(Groups Il and 11) were dull and depressed from 31 day of treatment and showed passage
of blood-tinged loose feces from 6" post-treatment day onwards. The rats in both the

groups became weak and gradual loss of condition. Two rats of Group I (25 % JSPS) and
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four rats of Group Il (50 % JSPS) died during 124 to 13™ day of the trial. Further, two rats
of Group Il and one rat of Group |l succumbed to the toxicity on 16t and 20" days of
freatment, respectively. Almost similar toxicity signs and symptoms were reported by other
workers. Adam (1974) observed diarthea, inability to keep normal posture and depression
in mice fed on diets containing 40 to 50 % of J. curcas seeds. Anorexia, diarrhea,
dehydration, sunken eyes and deteriorating condition of goats fed with J. curcas seeds @
0.25 to 10 gm/kg/day up to 2 to 21 days were reported by Adam and Magzoub (1975) and
among calves administered orally the seed suspended water @ 0.025 to 2.5 gm/kg/day
for 10 or 14 days (Ahmed and Adam, 1979a).
Effect on Growth Rate

The mean body weight of rats at pre-treatment and at different post-treatment
intervals in the control group and those fed Jatropha seed protein supplemented groups (M
and Ill) is explained in Table 4 and Fig. 3. At pre-treatment the body weight among the
three groups varied between 94.0 + 452 and 96.3 + 6.52 gm. During post-treatment the
body weight in Groups I, Il and Il varied from 97.1 £ 5.06 to 105.0 + 6.51 gm, 88.7 + 5.24
0 83.3 + 9.61 gm and 88.0 + 5.09 10 81.6 + 4.01 gm, respectively. The rats in Group |
which received the normal feed showed a gradual increase in body weight. Whereas, the
rats which received Jatropha seed protein supplementation at 25 % (Group Il) and 50%
(Group Il level in feed exhibited a progressive reduction in their body weight; where the
reduction was 11 gm on 21¢ post-treatment day and 14.7 gm on 14 post-treatment day in
these two groups, respectively. Therefore, it is apparent that Jatropha protein
supplementation exerted a negative balance on the growth rate of the rats. The loss in
body weight was related to the level of protein supplementation. However, it was

statistically significant in Group 11l after two weeks of feeding.
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Table 4: Effect of feeding Jatropha curcas seed protein supplemented diet on body
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weight of Wistar rats
. Mean Body Weight (gm) + S.E.
'[l%lfp Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
94.0 97.1 99.4 105.0
|| NormalFeed |, '5r00) | +505(15) | £599(10) | +651(5)
Jatropha Protein
- 94.3 88.7 85.1 83.3
I Supplementation
(25% of CP) +566(15) | £5.24(15) | +4.82(8) +9.61(3)
Jatropha Protein
. 96.3 88.0 8168
Il Supplementation .
(50% of CP) +6.52(15) | £5.09(15) | £4.01(6)

Figures in parentheses refer to No. of observations
a: Lower than Group | (P < 0.05)

| Figure 3: Effect of Jatropha seed protein supplementation (JSPS) |
on growth rate of rats |

—a—50% JSPS

—a— 26% JSPS

| .
‘ ‘ —e— Control

Body Weight (gm)

} Pre-treat. Post-tr.7 Post-tr.14 Post-tr.21

The retarded growth rate of rats due to Jatropha protein replacement may due to
reduced feed intake (see below). The Jatropha seeds have been reported to possess anti-
nutrients such as trypsin inhibitor (s), amylase inhibitor, lectins, phytates, phorbol esters
and tannins (Makkar et al., 1998)). The anti-nutritional factors are non-nutrient chemicals
present in foods which have undesirable properties with respect to food safety. The anti-

nutrients might have contributed to non-utilization (digestion and/or absorption) edible
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protein and carbohydrates in the diet. The tannins (also present in Jatropha seeds) either
form complex with nutrients or interfere with enzymatic action of digestive juices resulting
in improper utilization of nutrients (Salunkhe et al., 1982). A steadily deteriorating
condition was also observed in Nubian goats fed J. curcas seeds @ 0.25 to 10 gm/kg/day
up to 21 days (Adam and Magzoub, 1975). Goonasekera et al. (1995) also noticed loss in
body weight of rats fed J. curcas fruit extracts @ 0.12 to 3.13 gm/kg. Several studies also
indicated growth reduction in rats (Mole et al., 1993; Pusztai et al., 1992, 1993; Grant et
al., 1995; Mori ef al., 1998), pigs (Li-Shaoyan et al., 1998) and poultry (Balmar et al.,
1999) fed on feeds containing anti-nutrients.
Effect on Feed Intake

Table 5 and Fig. 4 describe the mean feed intake/day in the three groups during
different intervals of the experiment. During pre-treatment the feed intake among the three
groups was statistically similar, where it varied between 12.9 + 0.18 and 134 + 0.14
gm/rat/day. The feed intake by the control group rats on first, second and third post-
treatment weeks was 13.9 + 0.04, 14.5 + 0.07 and 15.2 + 0.11 gm, respectively, where it
was significantly higher than the pre-treatment level (12.9 £ 0.18 gm). The feed intake by
the Group Il rats, which received 25 % protein supplementation through Jatropha seeds
during the three post-treatment weeks, was 10.9 + 0.05, 10.0 £ 0.09 and 8.4 + 0.16 gm,
respectively, where it was significantly lower than the pre-treatment level (13.4 + 0.14
gm). The feed intake by the Group Ill rats, which received 50 % protein supplementation
through Jatropha seeds during the three post-treatment weeks, was 9.7 + 0.19, 7.4 + 0.09
and 6.8 + 0.25 gm, respectively, where it was significantly lower than the pre-treatment
level (13.2 + 0.08gm). Further, at all intervals, the feed intake in Group Il was significantly
lower than the respective intervals of the control group and the feed intake in Group Ill

was significantly lower than the respective intervals of Group Il and control group rats.
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Table 5: Effect of feeding Jatropha curcas seed protein supplemented diet on feed
intake of Wistar rats

Mean Feed Intake (gm/day) £ S.E.
Group T
No reatment Post-treatment (Weeks)
: Pre-treatment : .
First Second Third
| N | Feed 129+0.182 13.9ad 145a¢ 15.22f
ormal Fee +0.04 +0.07 +0.11
Jatropha Protein b b.d b f
I Supplementation e 1+0'0905 1:3 ‘(?0;; fg :IG
(26% of CP) e ' =
& g"’”"f“a Prt"*t‘?'” 132£008¢ | 9700 7460 6.8¢f
upplementation
(50% of CP) +0.19 +0.09 +0.25

Means with similar superscripts within rows or columns are significantly different (P <
0.05)

Figure 4: Effect of dietary supplementation of Jatropha
seed protein (JSPS) on feed intake of rats

Pre-treat. @ Post-r.Wk 1 8 Posttr Wk 2 m Posttr. Wk 3

Feed Intake (gm/day)

Control  25%JSPS  50% JSPS

The reduced feed intake might be due to non-palatability of the diet as a result of
supplementation of Jatropha seed protein. The fact that reduced feed intake was more
pronounced in Group 1l with 50 % protein supplementation than that in Group Il with 25 %

of protein supplementation may also concur with the above observation.
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Biochemical Profile

The effect of dietary supplementation of Jatropha seed protein on various blood
plasma biochemical parameters such as glucose, total protein, glutamate pryruvate
transaminase, glutamate oxalo-acetate transaminase and alkaline phosphatase of rats
were determined. The pre-treatment values (normal/control) were determined by blood
collection following decapitation of randomly selected five rats (three males and two
females) of the control group. Since no variation is anticipated in the normal biochemical
profiles in a homogenous population, the same were considered as the pre-treatment
values (in order to avoid further sacrificing 10 animals) and the changes during the post-
treatment, if any, were compared with the pre-treatment levels in all the three groups.
Effect on Plasma Glucose

Table 6 and Fig. 5 show the effect of Jatropha seed protein supplementation on
blood plasma glucose levels in rats. The glucose levels during pre-treatment and at all the
three post-treatment intervals were statistically similar, which ranged from 56.2 + 1.78 to
57.0 + 1.67 mg/dl. Following protein supplementation at 25 % level in the feed with
Jatropha seed protein, the glucose levels at 7%, 14t and 21st post-treatment intervals were
55.4 +0.50, 52.9 + 0.72 and 47.4 + 0.30 mg/dl, respectively, where the 21st day glucose
level was significantly lower than the pre-treatment level. Following protein
supplementation at 50 % level in the feed with Jatropha seed protein, the glucose levels at
7t and 14t post-treatment intervals were 54.7 + 1.11 and 45.5 £ 1.21 mg/dI, respectively,
where the 14t day glucose level was significantly lower than the pre-treatment level. At
pre-treatment and on 7t day post-treatment the glucose levels in the three groups were
statistically at par. The glucose level at 21t day post-treatment in Group Il was

significantly lower than the level of Control Group (1). Similarly, the 14t day post-treatment
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glucose level in Group IIl was also significantly lower than the 14t post-treatment glucose

level of control group and Group |I.

The reduced blood sugar levels of rats following Jatropha seed protein

supplementation might be due to impairment of carbohydrate digestion due to presence of

anti-nutrient amylase inhibitor in the seeds and absorption of glucose. The amylase

inhibitors (tannins/polyphenols) in legume feeds were also reported to hinder carbohydrate

(starch) digestion and glucose metabolism in animals (Glik and Joslyn, 1970; El-Sayed et

al., 1997). Decrease in hepatic glycogen (liver biopsy) and reduced blood sugar levels

were also observed in Nubian goats fed J. curcas seeds @ 0.25 to 10 gm/kg/day (Adam

and Magzoub, 1975).

Table 6: Effect of feeding Jatropha curcas seed protein supplemented diet on plasma
glucose of Wistar rats

Mean Plasma Glucose (mg/dl) + S.E.

Grz?p Treatment Pre- Post-treatment (Days)
treatment |  Seven Fourteen | Twenty-one
56.3 56.5 57.0
| g dermal Feed £195() | +198(5) | +167(5)
Jatropha Protein
: 55.4 52.9 474 ac
I Supplementation | 56.2 + 1.78 :
(25% of CP) £050(5) | +072(4) | +0.30(3)
Il éﬂgﬁﬁ”nﬁ;ﬁ‘ﬁéﬂ i 15‘1* -17 o 1415'25 1"'("4) g
(50% of CP) b '

Figures in parentheses refer to No. of observations

a: Lower than pre-treatment and post-treatment 7t and 14t days (P < 0.05)

b: Lower than pre-treatment and post-treatment 7t day (P < 0.05)
c: Lower than Group | (P < 0.05)
d: Lower than Groups | and Il (P < 0.05)



Figure 5: Effect of Jatropha seed protein
supplementation (JSPS) on plasma
glucose of rats
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Effect on Plasma Creatinine

The effect of Jatropha protein supplementation in feed on blood plasma

creatinine levels in the three groups of the experimental animals is summarized in
Table 7 and Fig. 6. In control group the creatinine levels during the 7t to 215t post-
treatments (1.4 + 0.21 to 1.5 + 0.23 mg/dl) were identical to the pretreatment level of
1.3 + 0.24 mg/dl. The rats in Group Il (25% Jatropha protein supplementation)
showed creatinine levels in the range of 2.2 + 0.17 to 3.6 + 0.20 mg/dl which were
significantly higher than the pre-treatment level and their 14t or 21st post-treatment
day creatinine levels were also higher than the 7t post-treatment level. In Group Il
(50% Jatropha protein supplementation) the creatinine levels at both the post-
treatment intervals  were also significantly higher than pre-treatment level (1.3 + 0.24
mg/dl). The 14t and 21st post-treatment levels in Group Il and 7 and 14% post-

treatment levels in Group Il were significantly higher than control group (I).

29
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Table 7: Effect of feeding Jatropha curcas seed protein supplemented diet on plasma
creatinine of Wistar rats

Mean Plasma Creatinine (mg/dl) + S.E.
GI\FJ%UP T— - Post-treatment (Days) |
' reatment Seven Fourteen | |WeNty-
one
14
1.4 15 ;
I Normal Feed +0.26 (5) +0.23 (5) 1(05)21
Jatropha Protein 3.6 be
I | Supplemeniaton | 13:024 | 227 | 300 g | £02
(25% of CP) £070) | £0.19¢ 3)
Jatropha Protein
) 2.63¢ 3.22c
1l Supplementation
(50% of CP) +0.28 (5) +0.20 (4)

Figures in parentheses refer to No. of observations
a: Higher than pre-treatment (P < 0.05)

b: Higher than pre-treatment and post-treatment 7t day (P < 0.05)
c: Higher than Group | (P < 0.05)

Figure 6: Effect of Jatropha seed protein
supplementation (JSPS) on plasma
creatinine of rats
\
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The blood creatinine or urea nitrogen levels are indicative of renal function
(Owen, 1991; Finco, 1997)). The elevated plasma creatinine levels are indicative of renal
impairment following Jatropha seed protein supplementation. The histopathological
observation of degenerative changes in kidney (see below) also corroborates elevated

plasma creatinine levels. Renal dysfunction or nephropathy was also reported in short-
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term oral toxicity with J. curcas seeds in chicks (El-Badwai et al., 1992) or rodents or
livestock (Makkar et al., 1998).
Effect on Plasma Protein

Table 8 and Fig. 7 explain the effect of Jatropha seed protein supplementation on
the plasma total protein level of rats. The protein levels during pre-treatment (6.8 + 0.35
gm/dl) and at the three post-treatment intervals were statistically at par (6.7 + 0.30t0 7.3 +
0.19 gm/di). Following 25 % Jatropha protein supplementation (Group 1) the variation
between pre-treatment and different post-treatment intervals was significant, where the
levels on day 7* (5.5 + 0.36 gm/dl) and day 14t (4.9 + 0.41 gm/dl) of post-treatment were
significantly lower than at pre-treatment and the 21st post-treatment level (4.1 + 0.05
gm/dl) was also lower than that of pre-treatment and post-treatment 7t day. The protein
levels of Groups Il and IIl were lower during post-treatment as compared to respective
levels of control group (1). Further, the 7t and 14th days' protein levels of Group Il were
also significantly lower than the respective levels of Group I.

Table 8: Effect of feeding Jatropha curcas seed protein supplemented diet on plasma
total protein of Wistar rats

Mean Plasma Protein (gm/dl) + S.E.

Gri
N%l,Jp Treatment Pre- Post-treatment (Days)
treatment | Seven Fourteen | Twenty-one
13 6.7 6.9

Normal Feed +0.19(5) | +0.30 (5) +0.26 ()

Jatropha Protein

: , N
I | Supplementation | 6.8+035 | L >3 4.92.¢ 4.1abc

£036(5) | +041(4) | £0.0503)

(25% of CP)

I éfafmf)ha PrtOtt?in 4.7ad 4.1ad
upplementation B
(50% of CP) £016(5) | £0.07(4)

Figures in parentheses refer to No. of observations
a: Lower than pre-treatment (P < 0.05)  b: Lower than post-treatment 7t day (P <0.05)
¢ Lower than Group | (P < 0.05) d: Lower than Groups | and Il (P < 0.05)
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Figure 7: Effect of Jatropha seed protein
supplementation (JSPS) on plasma
total protein of rats

—e— Control —=— 25%JSPS —— 50%JSPS
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The hypoproteinaemic effect of Jatropha seed protein supplementation may also
correlated to presence of anti-nutrients such as trypsin inhibitor and tannins in the
Jatropha seeds. The trypsin inhibitor interferes with digestion of dietary protein (Liner,
1982, Salunkhe, 1982) and the tannins complex with and inactivate proteins in general,
including the digestive enzymes that help in protein digestion and utilization (Arora and
Luthra, 1974; Satwadhar et al., 1981; Barroga et al, 1985). Reduced plasma protein
levels were also recorded in calves following repeated exposure through oral ingestion to
J. curcas seed soaked water @ 0.025 gm/kg/ day for 10 to 14 days (Ahmed and Adam,
1979a) or in Nubian goats and desert sheep fed the seeds @ 0.05 to 1 gm/kg/day (Ahmed
and Adam, 1979 b). Barri et al. (1983) also attributed reduced ability of liver to synthesize
protein as the cause of clinical, haematological and pathological changes in J. aceroides
(another species of Jatropha) toxicity in sheep and goats fed the plant material @05+t

10 g/kg/day for one or two weeks.



Effect on Transaminases

The investigations included estimation of plasma glutamate pyruvate
transaminase (PGPT) and glutamate oxalo-acetate transaminase (PGOT).
PGPT: Table 9 and Fig. 8 illustrate the effect of dietary supplementation of Jatropha seed
protein at 25 and 50 % levels on PGPT of rats.

Table 9: Effect of feeding Jatropha curcas seed protein supplemented diet on plasma
glutamate pyruvate transaminase activity of Wistar rats

Mean Plasma Glutamate Pyruvate Transaminase (U/L) £

Group SE.
No. Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
358 40.0 38.8
! Normal Feed +073(5) | +170(5 | +0.86(5)
, é’ig‘;ﬁ’;ﬁeﬂ:‘;‘t";: 356067 | 384 44180 | 5gad
1
(25% of CP) (5) +1.16 (5) +1.95(4) +1.76 (3)
Jatropha Protein
Il Supplementation +405 _gsa.(;) f%%; t(}:) i
(50% of CP) g il )

Figures in parentheses refer to No. of observations

a: Higher than pre-treatment (P < 0.05)

b: Higher than post-treatment 7t day (P < 0.05)

c. Higher than pre-treatment and post-treatment 7t and 14t days (P < 0.05)
d: Higher than Group | (P < 0.05)

e: Higher than Groups | and Il (P < 0.05)

In control group (1) the enzyme activity at different post-treatment intervals (35.8 +
0.73 10 40.0 + 1.70 U/L) were statistically similar to the pre-treatment activity (35.6 + 0.67
UIL). In Group II, where 25 % protein supplementation was done the PGPT level at 14t
and 21st post-treatment days were significantly higher (44.1 + 1.95 and 50.6 + 1.76 UL,
respectively) than at pre-treatment or on 7% post-treatment day (38.4 + 1.16 U/L)', In

Group Ill, where 50 % protein supplementation was done the PGPT levels at 7t and 14th

post-treatment days were significantly higher (458 + 0.96 and 50.5 + 0.64 UL,
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respectively) than at pre-treatment (35.6 + 0.67 U/L) and the 14t post-treatment activity
was also higher than that of 7™ post-treatment day. The day 21st post-treatment enzyme
activity in Group Il was significantly higher than the respective level of control group.
Further, the 7" and 14" days post-treatment enzyme activity of Group Ill was also

significantly higher than the respective values of control group and Group |I.

Figure 8: Effect of Jatropha seed protein supplementation
(JSPS) on plasma glutamic pyruvate transaminase of rats
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PGOT: Table 10 and Fig. 9 illustrate the effect of dietary supplementation of Jatropha
seed protein at 25 and 50 % levels on PGOT of rats. In control group (1) the enzyme
activity at different post-treatment intervals (41.2 + 1.39 to 452 + 1.59 UIL) were
statistically similar to the pre-treatment activity (36.8 + 2.70 U/L). In Group II, where 25 %
of protein supplementation was done the PGOT level at 14t (51.0 + 0.91 U/L) was
significantly higher than pre-treatment (36.8 + 2.70 U/L) and post-treatment 7t day (37.4 +
1.77 U/L) and the PGOT activity on 21st post-treatment day (71.6 + 2.02 U/L) was
significantly higher than pre-treatment and post-treatment 7t and 14% days. In Group |II,
where 50 % protein supplementation was done the PGOT levels at 7t post-treatment day
(46.0 + 0.94 U/L) were significantly higher than that of pre-treatment and the 14th post-
treatment activity was also significantly higher (72.7 + 2.17 U/L) than at pre-treatment and

post-treatment 7t day. The enzyme activity in Group Il on 14" and 21st post-treatment
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days was significantly higher than that of control group. Similarly the 7t and 14! post-

treatment PGOT activities of Group |1l were also significantly higher the activities in Group

Il and control group (1).

Table 10; Effect of feeding Jatropha curcas seed protein supplemented diet on plasma
glutamate oxalo-acetate transaminase activity of Wistar rats

Group

Mean Plasma Oxalo-acetate Transaminase (U/L) £ S.E.

No. Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
41.2 426 45.2
! Nofial Feed +139(5) | +097(5) +1.59 (5)
Jatropha Protein ‘
I Suppﬁementation 36.8£2.70 b s e
(25% of CP) (5) +1.77 (5) +0.91 (4) +2.02 (3)
Jatropha Protein 46.0 ¢ 79 7ae
Il | Supplementation o o :
(PS%% 5 CP) £0.94(5) | 247 (4)

Figures in parentheses refer to No. of observations
a: Higher than pre-treatment and post-treatment 7" day (P < 0.05)
b: Higher than pre-treatment and post-treatment 7t and 14™ days (P < 0.05)
¢: Higher than pre-treatment (P < 0.05)
d: Higher than Group | (P <0.05)

e: Higher than Groups | and Il (P < 0.05)

PGOT (UIL)

Figure 9: Effect of Jatropha seed protein
supplementation (JSPS) on plasma glutamic
oxalo-acetate transaminase (PGOT) of rats
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Alkaline Phosphatase

The plasma alkaline phosphatase (PAP) activity of rats in control as well as in
Jatropha seed protein supplemented groups is explained in Table 11 and Fig. 10. The
PAP activity in control group during pre-treatment and post-treatment intervals was
statistically identical which ranged between 133.0 + 1.48 and 141. 0 + 2.02 U/L. The
enzyme activity in Group Il (25 % protein supplementation by Jatropha seed) the PAP at
the three post-treatment intervals (144.6 + 1.02 U/L to 152.0 + 2.08 U/L) was significantly
higher than that of pre-treatment. Further, the PAP levels at 14 and 21st post-treatment
days in Group Il were also significantly higher than the PAP ievel at 7™ post-treatment
day. The enzyme activity in both the Jatropha seed protein supplemented groups at the
post-treatment intervals was significantly higher than the respective PAP activities of
control group.

Table 11: Effect of feeding Jatropha curcas seed protein supplemented diet on plasma
alkaline phosphatase activity of Wistar rats

6 Mean Plasma Alkaline Phosphatase Activity (U/L) £ S.E.
,:I%L.'p Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
136.8 137.6 141.0
Normel Fegd £073(5) | +143(5) | 202(5)
|| lropha POl | 13301148 | 14460 14920 | 15200
upplementation
(25% of CP) (5) | +1.02 (5) +1.10 (4) +2.08 (3)
Jatropha Protein 146,60 152 0ac _
I Supplementation ' : -
(50% of CP) +2.61 (5) +1.77 (4)

Figures in parentheses refer to No. of observations

a: Higher than pre-treatment (P < 0.05)

b: Higher than pre-treatment and post-treatment 7t day (P < 0.05)
c: Higher than Groups | (P < 0.05)




Figure 10: Effect of Jatropha seed protein
supplementation (JSPS) on plasma
alkaline phosphatase (PAP) activity of rats
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The elevated serum or plasma transaminases (GPT and GOT) and alkaline
phosphatase activities is suggestive of hepatic impairment (Denman et al., 1983: Tennant,
1997), as these enzymes are organ specific in rats. The histopathological examination
indicating degenerative changes in liver sections of rats that succumbed to toxicity of
Jatropha seed protein supplementation support the above results. Marked rise in serum
arginase and GOT was also reported in Nubian goats fed J. curcas seeds @ 0.25 to 10
g/kg/day up to 21 days (Adam and Magzoub, 1975) or in calves orally administered water
in which J. curcas seeds were suspended @ 0.25, 1 or 2.5 gm/kg within 10 or 14 days
(Ahmed and Adam, 1979 a) or in desert sheep fed the seeds @ 0.05, 0.5 and 1 gm/kg/day
(Ahmed and Adam, 1979 b). While investigating the short-term oral toxicity (14 days) of
crude extract of some plants of Euphorbia Adedapo et al. (2004) also reported significant

elevation in serum transaminase activities (GOT and GPT).
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Haematological Profile

The effect of Jafropha seed protein supplementation on haematology profile of
rats was investigated. The various haematology parameters included were cell counts (red
blood cells, leucocytes and differential leucocytes), haemoglobin, PCV, MCV, MCH and
MCHC.

Effect on Red Blood Cell Count:

Table12 and Fig. 11 illustrate the effect of feeding Jatropha seed protein
supplemented diet on the red blood cell (rbc) count of rats. The mean rbc count in the
control group (I) during pre-treatment and at different post-treatment intervals varied from
7.5 +0.38 to 8.0 + 0.26 millions/cumm and the variation between different intervals was
insignificant. In Group Il (25 % Jatropha protein supplementation) the rbc counts at 14th
and 21st post-treatment intervals were 6.1 + 0.34 and 5.2 + 0.24 millions/cumm,
respectively, which were significantly lower than the pre-treatment count. Further, in this
group the rbc count at 21t day post-treatment was also significantly lower than the co‘unt
at 7" post-treatment day. In Group Il (50 % Jatropha protein supplementation) the rbc
count at 7" and 14% post-treatment days (5.6 + 0.21 and 5.1 + 0.17 millions/cumm,
respectively) were significantly lower than pre-treatment. The rbc counts at the three post-
treatment intervals of Groups Il and Il were significantly lower than the respective counts
of control group. Similarly, the 14% post-treatment rbc count of Group Ill was also

significantly lower than the 14t post-treatment count of Group I!.
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Table 12: Effect of feeding Jatropha curcas seed protein supplemented diet on total red
blood cell count of Wistar rats

c Mean Red Blood Cell Count (million/cumm) £ S.E.
I{J?p Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
7.6 79 8.0
Normal Feed £031(5) | +015(5) | +026(5)
Jatropha Protei
I | Suppementaion | 752038 | 62¢ | 81ee | 5v
(25% of CP) (5) +050(5) | +0.34(4) +0.24 (3)
Jatropha Protein 5Gac 5 {ad
Il | Supplementation oy P -
(50% of CP) +0.21 (5) +0.17 (4)

Figures in parentheses refer to No. of observations

a: Lower than pre-treatment (P < 0.05)

b: Lower than pre-treatment and post-treatment 7t day (P < 0.05)
c: Lower than Group | (P < 0.05)

d: Lower than Groups | and Il (P < 0.05)

Figure 11: Effect of Jatropha seed protein
supplementation (JSPS) on red blood cell

(RBC) count of rats
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The reduction in red blood cell count of rats on Jatropha seed protein
supplementation suggests inhibitory effect on erythropoiesis by the phytotoxins and anti-

nutrients present in the seeds.
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Effect on Haemoglobin

The effect of Jatropha feed supplementation on haemoglobin levels of rats are
explained through Table 13 and Fig. 12. The mean haemoglobin level in the control group
(I) during pre-treatment and at different post-treatment intervals varied from 13.7 + 0.57 to
14.1 + 0.55 gm % and the variation in haemoglobin levels between different intervals was
insignificant. The haemoglobin levels in Group Il (25 % protein supplementation) during
the three post-treatment intervals were 11.1 + 0.71, 10.6 + 0.69 and 8.5 + 0.29 gm %,
respectively, which were significantly lower than the pretreatment level of 13.7 + 0.57 gm
%. The mean haemoglobin levels in Group Ill at 7 (9.6 + 0.23 gm %) and 14t (8.8 + 0.43
gm %) post-treatment intervals were also significantly lesser than the pre-treatment
haemoglobin level. The post-treatment haemoglobin levels of Group Il were significantly
lower than the respective haemoglobin levels of control group. Similarly, the post-
treatment levels of Group Il were also significantly lesser than those of control (1) as well
as 25 % protein supplemented group (11).

Table 13: Effect of feeding Jatropha curcas seed protein supplemented diet on
haemoglobin of Wistar rats

5 Mean Haemoglobin (gm %) + S.E.
ﬁfp Treatment Pre- Post-treatment (Days)
treatment |  Seven Fourteen | Twenty-one
13.8 13.9 141 .
| e £050(5) | +055(5) | +0.55(5)
Jatropha Protein
: 11.12b 10.6ab 8.5ab
Il Supplementation | 13.7 £ 0.57
(25% of CP) (5) +071(5) | +0.69(4) +0.29 (3)
Jatropha Protein 9.6 ac 8.8 ac
I Supplementation : ; -
(50% of CP) +0.23(5) | +043(4)

Figures in parentheses refer to No. of observations
a: Lower than pre-treatment (P < 0.05)
b: Lower than Group | (P < 0.05)

c: Lower than Groups | and Il (P < 0.05)
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Figure 12: Effect of Jatropha seed protein
supplementation (JSPS) on haemoglobin of rats
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The reduction in haemoglobin of rats fed on Jatropha seed protein
supplemented feed may be due to reduction in absorption of dietary iron, since tannic
acid and phytates interfere with absorption of minerals and metals in intestines
(Salunkhe et al., 1982).

Effect on Packed Cell Volume

Table 14 and Fig 13 summarize the effect of Jatropha seed protein
supplementation on packed cell volume of (PCV) of rats. The mean PCV values at pre-
treatment and during the entire post-treatment were statistically at par (41.4 + 1.93 to
45.4 + 0.40 %). The mean PCV values of Group Il at 7, 14th and 21st post-treatment
intervals were 37.0 + 1.78, 36.5 + 1.55 and 31.6 + 0.88 % respectively. The PCV
values in Group IIl at 7 and 14" post-treatment intervals were 32.0 + 0.89 and 31.7 +
1.18 % respectively. Jatropha seed protein supplementation at 25 and 50 % levels
resulted in significant reduction in the PCV, where the reduction in Group Il was

significantly different compared to control group and in Group Il as compared to
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respective PCV levels in control group or Group Il. Moreover, the 21st day post-
treatment level in Group Il and 7t and 14t post-treatment days' level in Group Il were
also significantly lower than the pretreatment levels. The reduction in PCV was due to
reduction in red blood cells of the Jatropha seed protein rats. Oluwole et al. (1997) also
reported progressive reduction in PCV, haemoglobin level and red blood cell count in
rats fed methanolic extract of J. curcas seeds.

Table 14: Effect of feeding Jatropha curcas seed protein supplemented diet on packed
cell volume of Wistar rats

Mean Packed Cell Volume (%) + S.E.

Grij%L_lp Treatment Pre- Post-treatment (Days)
treatment |  Seven | Fourteen | Twenty-one
422 44 4 454

Normal Feed +139(5) | £042(5) | +0.40(5)

Jatropha Protein 414 +

b b a,b
Il | Supplementation 193 37.0 36.5 316

£178(5) | £155(4) | +088(3)

(25% of CP) (5)
Jatropha Protein 320ac 31 7ac
I Supplementation ' : -
(50% of CP) +0.89(5) | £1.18(4)
Figures in parentheses refer to No. of observations
a: Lower than pre-treatment (P < 0.05) b: Lower than Group | (P < 0.05)

c: Lower than Groups | and Il (P < 0.05)

(
Figure 13: Effect of Jatropha seed protein
supplementation (JSPS) on packed cell volume
(PCV) of rats
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Effect on Mean Corpuscular Volume

The effect of Jatropha feed supplementation on mean corpuscular volume
(MCV) of rats depicted in Table 15 and Fig. 14. The MCV in control group (I) during
pre-treatment and at different post-treatment intervals varied from 55.1 + 0.97 to 57.0 +
2.55 cubic microns and its variation between different intervals was insignificant. The
MCV in Group Il (25 % protein supplementation) during the three post-treatment
intervals was 57.6 + 1.31, 59.7 + 1.22 and 60.2 + 1.61 cubic microns, respectively,
where the values 14 and 21 days of post-treatment were significantly higher than the
pretreatment MCV of 55.1 + 0.97 cubic microns. The MCV values in Group 1l (50 %
Jatropha protein supplementation) at 7t and 14t post-treatment days were 56.9 + 0.65
and 61.4 + 0.63 cubic microns respectively, where the MCV at 14" post-treatment day
was significantly higher than the pre-treatment MCV. The post-treatment MCV levels of
Groups Il and Il at 14 post-treatment were significantly higher than the MCV of control
group.

Table 15: Effect of feeding Jatropha curcas seed protein supplemented diet on mean
corpuscular volume of Wistar rats

Mean Corpuscular Volume (u?) £ S.E.

Grou
No.p Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
565.2 55.6 57.0

Normal Feed +075() | £132(5) | +255(5)

Jatropha Protein 55.1 &

b 4
Il | Supplementation | 0.97 57.6 59.72 60.2

£131(5) | £1.22(4) | +161(3)

(25% of CP) (5)
Jatropha Protein 56.9 61.4a.b
I Supplementation ' ' -
(50% of CP) +0.65(5) +0.63 (4)

Figures in parentheses refer to No. of observations
a: Higher than pre-treatment (P < 0.05)
b: Higher than Group | (P < 0.05)
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Figure 14: Effect of Jatropha seed protein
supplementation (JSPS) on mean corpuscular
volume (MCV) of rats
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Effect on Mean Corpuscular Haemoglobin

Table 16 shows the effect of Jafropha seed protein supplementation-on
mean haemoglobin concentration (MCH) of rats. The mean MCH values at post-
treatment in Group | (Control), Group Il (25 % JSPS) and Group Il (50 % JSPS) were
in the range of 17.5 + 0.60 to 18.2 + 0.20 picograms, 16.1 + 0.21 to 17.8 + 0.62
picograms and 17.1 + 0.26 to 17.5 + 0.41 picograms, respectively. The variation in
MCH values between intervals or between groups was not statistically significant as
compared {o the pre-treatment MCH of 18.1 + 0.23 picograms.

Table 16: Effect of feeding Jatropha curcas seed protein supplemented diet on mean
haemoglobin concentration of Wistar rats

5 Mean Haemglobin Concentration (pg) + S.E.
;]%up Treatment Pre- Post-treatment (Days)
treatment | Seven Fourteen | Twenty-one
I Normal Feed 152 175 17.6
+020(5) | £0.60(5) | +£0.45(5)
Jatropha Protein 181 + 178 177 16.1
Il Supplementation e | : ' :
(25% of CP) 0(,5’2)3 +062(5) | £1.10(4) | +£0.21(3)
Jatropha Protein 171 175
I Supplementation ‘ )
(50% of CP) +0.26(5) | £0.41(4)

Figures in parentheses refer to No. of observations
Variations between groups and intervals among the groups were insignificant
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Effect on Mean Cdrpuscular Haemoglobin Concentration

Table 17 shows the effect of Jatropha seed protein supplementation on
mean corpuscular haemoglobin concentration (MCHC) of rats. The mean MCHC values
at post-treatment in Group | (Control), Group Il (25 % Jatropha protein
supplementation) and Group Ill (50 % Jatropha protein supplementation) were in the
range of 31.1 + 1.43 t0 32.8 + 0.14 %, 26.9 + 0.62 t0 29.3 + 1.45 % and 30.1 + 0.22 to
30.5 + 0.55 %, respectively. In both the Jatropha protein-treated groups, the MCHC
values during post-treatment were lower than the pre-treatment value (33.2 + 0.18 ;/0).
The MCHC level at 7™ post-treatment day in Groups Il and Ill was lower than the
MCHC value of control group (32.8 + 0.14 %).

Table 17: Effect of feeding Jatropha curcas seed protein supplemented diet on mean
corpuscular haemoglobin concentration of Wistar rats

Mean Corpuscular Haemoglobin Concentration (%) +
Group Treatment 2k,
No. Pre- Post-treatment (Days)
' treatment |  Seven Fourteen | Twenty-one
32.8 31.3 31.1
|| [k £014(5) | £110(5) | £143(5)
|| ChophaToleh | 3325018 | 2030 | 2908 | 2699
upplementation
(25% of CP) (9) +145(5) | £143(4) | £062(3)
Jatropha Protein 301 b 3052
Il Supplementation ' : -
(50% of CP) +0.22(5) | £055(3)

Figures in parentheses refer to No. of observations
a: Lower than pre-treatment (P < 0.05)

b: Lower than Group | (P < 0.09)

The data of erythrocytic indices clearly demonstrated increase in MCV and
decrease in MCHC suggesting macrocytic-hypochromic anaemia in the rats follow‘ing
feeding diets containing 25 and 50 % protein supplementation through Jatropha seeds.

The present results are supported by an earlier observation of macrocytic-hypochormic
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anaemia in rats fed methanolic extract of J. curcas seeds for 8 to 10 days (Oluwole et
al., 1997).
Leucocyte Count

Table 18 shows the effect of Jatropha seed protein supplementation on
mean total leucocyte count (TLC) of rats. The TLC counts at post-treatment in Group |
(Control), Group Il (25 % Jatropha protein supplementation) and Group Il (50 %
Jatropha protein supplementation) were in the range of 5.8 + 0.21 to 5.9 + 0.21
thousands/cumm,5.6 + 0.24 to 6.0 + 0.22 thousands/cumm and 5.3 + 0.29 to 6.0 + 0.28
thousands/cumm, respectively. The variation in TLC counts between intervals or
between groups was not statistically significant as compared to the pre-treatment TLC
count of 5.7 + 0.25 thousands/cumm.

Table 18: Effect of feeding Jatropha curcas seed protein supplemented diet on total
leucocyte count of Wistar rats

& Mean Total Leucocytes (Thousands/cumm) £ S.E.
[[]?p Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
5.8 58 59
| Normal Feed +021(5) | +024(5) | £021(5)
Jatropha Protein | 574 0.25
. e 5.6 6.0 5.9
Il Supplementation 5
(25% of CP) (5) +024(5) | £0.22(4) | +0.31(3)
Jatropha Protein
) 6.0 5.3
1] Supplementation
(50% of CP) +0.28 (5 | £0.29 (4)

Figures in parentheses refer to No. of observations
Variations between groups and intervals among the groups were insignificant

Effect on Differential Leucocyte Counts
The differential leucocyte counts (DLC) of control group rats (I) and those
fed on Jatropha seed protein supplemented group rats (Il and Ill) is explained in Tables

19 to 22.
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The mean lymphocyte counts during post-treatment in the three groups
varied between 73.7 + 1.49 and 75.4 +0.54 % as compared to the pre-treatment
lymphocyte count of 74.6 + 1.24 %. The variation in lymphocyte counts between
intervals or between groups was not statistically significant as compared to the pre-
treatment lymphocyte count (Table 19).

The mean neutrophil counts during post-treatment period in the three
groups varied between 20.0 + 0.70 and 23.2 + 1.01 % as compared to the pre-
treatment neutrophil count of 21.2 +0.86 %. The variation in neutrophil counts between
intervals or between groups was not statistically significant as compared to the pre-
treatment neutrophil count (Table 20).

The mean monocyte counts during post-treatment period in the three
groups varied between 2.0 + 0.31 and 2.8 + 0.37 % as compared to the pre-treatment
monocyte of 2.4 + 0.24 %. The variation in monocyte counts between intervals or
between groups was not statistically significant as compared to the pre-treatment count
(Table 21).

The mean eosinophil counts during post-treatment period in the three
groups varied between 1.2 + 0.37 and 1.6 + 0.33 % as compared to the pre-treatment
eosinophil count of 1.8 + 0.37 %. The variation in eosinophil counts between intervals
or between groups was not statistically significant as compared to the pre-treatment

count (Table 22).
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Table 19: Effect of feeding Jatropha curcas seed protein supplemented diet on
lymphocytes count of Wistar rats

Mean Lymphocytes (%) + S.E.
Group
No. Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
Normal Feed 75.0(;)0.54 75.4(;)0.54 75.2(;)0.59
Jatropha Protein 74.6 +
I Supplementation 1~24 74.0(2)1.04 74.5;)0.64 ?5.0(;)1.1 5
(25% of CP) (5)
Jatropha Protein
Il Supplementation 74'0(2)1‘14 73'7(3)1'49 -
| (50% of CP)

Figures in parentheses refer to No. of observations ,
Variations between groups and intervals among the groups were insignificant

Table 20: Effect of feeding Jatropha curcas seed protein supplemented diet on
neutrophils of Wistar rats

s Mean Neutrophils (%) + S.E.
;I%L.'p Treatment Pre- Post-treatment (Days)
treatment Seven Fourteen | Twenty-one
21.0£044 |202+1.15|20.8+0.80
l Normal Feed
(5) (5) ()
Jatropha Protein | 212+
I Supplementation 0.86 22.2(;0.80 21 .5(41)0.95 20.6(3)1.76
(25% of CP) (5)
AlpHE Festelh 2324101 |200£070
I Supplementation (5) (4) A
(50% of CP)

Figures in parentheses refer to No. of observations
Variations between groups and intervals among the groups were insignificant
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Table 21: Effect of feeding Jatropha curcas seed protein supplemented diet on

monocytes of Wistar rats
Mean Monocytes (%) + S.E.
Group Trsatmant
No. reatmen Pre- Post-treatment (Days)
treatment | Seven Fourteen | Twenty-one
26+040 | 28+0.37 | 2.0+0.31
| Normal Feed (5) (5) (5)
Jatropha Protein 24 £
I Supplementation 0.24 2.2 (15)0‘37 2.5 (j‘:*)o 95 | 28 (130'33
(25% of CP) (5) ).
Jatropha Protein
Il Supplementation &0 (is)o 37| 25 (j‘:i)o 43 -
(50% of CP)

Figures in parentheses refer to No. of observations
Variations between groups and intervals among the groups were insignificant

Table 22: Effect of feeding Jatropha curcas seed protein supplemented diet on
eosinophils of Wistar rats

Mean Eosinophils (%) + S.E.

GI{I?D Treatment Pre- Post-treatment (Days)
freatment | Seven Fourteen | Twenty-one
144024 | 16£024 | 120737
I Normal Feed
(5) () (5)
conopaPioia | 8% | ool | 152028 | 1sE0a
Il Supplementation 0.37 (5) (4) 3)
(25% of CP) (5)
Jatropha Protein
I Supplementation 14 ?5)0 o 15 (i4)0 o4
(50% of CP)

Figures in parentheses refer to No. of observations
Variations between groups and intervals among the groups were insignificant

The data of all leucocyte parameters did not indicate significant effect of

Jatropha seed protein supplementation either on total or differential leucocyte counts.

However, Abdel-Gadir et al. (2003) reported leucopaenia in kids fed on J. curcas seeds

at the rate of 1 or 0.25 g/kg/day for 7 to 21 days.
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Pathological Changes

All the rats which succumbed to the toxicity were observed for gross
pathological and histopathological changes in the visceral organs. The prominent

pathological observations are as under.
Gross Pathology

All the visceral organs such as liver, lungs, heart and kidney showed
varying degrees of congestion. The intestine were grossly engorged with severe

haemorrhages/unclotted blood all through its length.
Histopathology

Liver: The liver sections showed proliferation of fibrous tissue and bile duct along with
infiltration of mononuclear cells in portal areas and degenerative changes Ieading to
necrotic changes in liver parenchyma. These changes were less prominent in rats of
Group Il (25 % JSPS; Fig. 15.A.) as compared those in Group Il (50 % JSPS; Fig.
15.B). Further, the rats in Group Il also revealed severe haemorrhages and dilatation
of sinusoids (Fig. 15.B). Fatty degeneration and necrotic changes were also noted in
goats fed on J. curcas seeds @ 0.25 to 10 gm/kg/day (Adam and Magzoub, 1975) and

sheep fed on the seeds @ 0.05 to 1 g/kg/day (Ahmed and Adam, 1979 b).

Kidney: The changes in kidney in Group Il rats were characterized by moderate
haemorrhages and necrosis in the proximal and distal convoluted tubules (Fig. 16.A).
There were extensive degenerative/necrotic changes in the proximal and distal
convoluted tubules along with haemorrhages in some areas of kidney in Group Il (Fig.
16.B). Makkar et al. (1998) also recorded gastroenteritis and nephritis accompanied by
renal sub-cortical haemorrhages in animals due to presence of phorbol esters (anti-

nutrients) in J. curcas seeds.
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Intestine: The Group I rats exhibited mild desquamation of superficial epithelial cellé in
duodenum and jejunum, with no significant changes in ileum or rectum. However, the
rats in Group 11l (50 % JSPS) revealed marked desquamation of epithelial cells lining
the tips of duodenal villi (Fig. 17. A). The Group Il rats also showed desquamation of
superficial epithelium, congestion and degenerative changes in jejunum (Fig. 17.B).
Marked intestinal pathology characterized by catarrhal enteritis, erosion of intestine,
congestion or haemorrhages in small intestine was reported in mice fed on diets
containing 40 to 50 % of J. curcas seeds (Adam, 1974). The anti-nutrients present in
Jatropha seeds might have also contributed in altering the morphology of intestines.
The report of altered height of intestinal vili among weanling pigs fed soya bean meal
or cowpea (Makinde ef al., 1994) also supports the present observation. The retarded
growth rate of the rats following JSPS might also be due to reduced digestive and
absorptive capacities as a result of intestinal mucosal pathology, as also observed in
weanling pigs fed on cowpea (Makinde et al., 1996). Long-term oral administration of
soya bean extracts was also reported to cause enteritis (Sobbhy et al., 1995). The anti-
nutrient trypsin inhibitor (Ge and Morgan, 1993) also present in Jatropha seeds might
have also contributed to intestinal pathology in the rats. Similarly, soyabean
antinutritional factors were also found to induce intestinal dam.age in chickens (Li et al.,

1999)

The degenerative changes in liver, kidney and intestines of rats observed
in the present study may also be attributed to presence of curcin, toxalbumin of J.
curcas seeds (Stirpe et al., 1976). Abdel-Gadir et al. ((2003) reported lesions such as
widespread haemorrhages and enterohepatonephrotoxicity in kids fed on J. curcas

seeds 1 or 0.25 gm/kg/day (7 to 21 days).
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Testis: The testicular sections showed degenerative/necrotic changes in the
seminiferous tubules (Fig. 18.A and B), where the changes were more marked in Group
IIl. Further, the Group Ill rats also revealed a very few spermatids with elongated nuclei
in the intact stage (Fig. 18.B). The rat testicular pathology observed in the present
study may also be due to the anti-nutrients present in Jatropha seeds. This fact is
supported by the reports of testicular pathology, in animals fed on legume feeds having
anti-nutrients (Umapathy, 1993; Umpapathy et al., 1993; Umpapathy et al, 1994). The
testicular pathology may be due to dietary protein deficiency adversely affecting the
hypothalamo-pituitary axis and gonadotrophin production (Vawda and Mandiwana,

1990; Adam and Findlay, 1997).

No significant histopathological changes were observed in heart, lungs or

ovaries in the Jatropha seed protein supplemented groups.
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" Fig.15A: Section of liver of rat (25% JSPS) showing mild degenerative and
necrotic changes, proliferation of bile duct and fibrous tissue along with
infiltration of mononuclear cells in portal areas (H&Ex 400)

-

%

Fig.15B: Section of liver of rat (50% JSPS) showing degenerative and necrotic
changes severe haemorrhages and dilatation of sinusoids (H&E x 400)
&



Fig.16A: Section of kidney of rat (25% JSPS) showing degenerative and necrotic
changes in the proximal and distal convoluted tubules and moderate
haemorrhages (H&E x 400)

Fig.16B: Section of kidney of rat ( 50% JSPS) showing extensive degenerative
and necrotic changes in the proximal and distal convoluted tubules
and haemorrhage (H&E x 400)



Fig.17A: Section of duodenum of rat (50% JSPS) showing desquamation of
epithelial cells lining tip of villi (H & E x 100)

Fig.17B: Section of jejunum of rat (50% JSPS) showing desquamation of
epithelial cells (H&E x 100)



Fig.18A:Section of testis of rat (25% JSPS) showing mild degenerative and necrotic
changes in the seminiferous tubules (H&E x 100)
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Fig.18B: Section of testis of rat (50% JSPS) showing severe degenerative and
necrotic changes in the seminiferous tubules. Note a few spermatids
with elongated nuclei in intact stage (H&E x 100)
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CHAPTER -V

SUMMARY, CONCLUSION AND SUGGESTIONS FOR FUTURE
RESEARCH WORK

Jatropha curcas (Euphorbi_aceae), locally known as ‘Ratanjyot is a
multipurpose shrub with varied medicinal uses and is of significant economic
importance. In addition to being the source of bio-diesel, its seeds are also considered
highly nutritious and could be exploited as a rich and economical protein supplement in
animal feeds. However, the inherent phytotoxins present in the seed is the hindrance.
There are reports of existence of nontoxic varieties of the plant and variation in toxicity
potential of the plant in different geographical regions. The toxicity nature of the set'ads
of the local variety of J. curcas is not known. Therefore, Investigations were undertaken

to evaluate the acute and subacute oral toxicity of the seeds of locally grown J. curcas.

The acute oral toxicity was assessed by using J. curcas seed powder. The
whole as well as the defatted/de-oiled whole seed powder was processed to obtain cold
and hot aqueous extracts. The extracts were not toxic to the Wistar rats at oral doses
as high as 3000 mg/kg. The rats administered the cold extracts @ 7000 mg/kg showed
circling movement, depression and blood-tinged loose feces and became normal after
2 to 3 days of treatment. The hot extract of the whole seeds at the same dose level
produced only with depression, but not the blood-tinged diarrhea. Since there was no
mortality at the highest possible dose of the prepared extracts, the acute oral LDsg in
rats was presumed to be more than 7000 mg/kg. Acute oral dosing of the extracts also
had no adverse effect on the body weight of the animals.

Subacute toxicity was conducted in rats by daily feeding the basal diet
(Group 1), and the diet where the crude protein requirement was supplemented at 25 %

(Group II) and 50 % (Group Ill) levels through Jatropha seed powder. The adverse
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effects of Jatropha seed protein supplementation (JSPS) were evaluated by observing
the toxicity signs and symptoms, growth rate, feed intake, alterations in biochemical
and haematological profiles and pathological changes.

The rats which received the Jatropha seed protein supplementation
(Groups Il and IIl) were dull and depressed from 3 day of treatment and showed
passage of blood-tinged loose feces from 6t post-treatment day onwards. The rats in
both the groups became weak and gradual loss of condition. Two rats of Group Il (25 %
JSPS) and four rats of Group Il (50 % JSPS) died during 121 to 13t day of the trial.
Further, two rats of Group Il and one rat of Group I succumbed to the toxicity on 16t
and 20" days of treatment, respectively. The rats on 25 % JSPS lost 5.6 to 11 gm in
their weight on 7t to 21st post-treatment day and the rats on 50 % JSPS also showed
progressive decline in their body weight (8.3 to 14.7 gm) in comparison to progressive
increase in body weight by the control rats on 7t to 14t day (3.1 to 5.4 gm) and 21!
day (11 gm) of the trial as against their respective pre-treatment body weight (94.6 2
4.52 to 96.3 + 6.52 gm). Similarly, the feed intake of rats with JSPS progressively
decreased as against the gradual increase by the control group rats.

The biochemical profile of rats fed on diet with JSPS at both the levels
revealed significant reduction in plasma glucose and total protein and increase in
plasma creatinine, transaminases (PGPT and PGOT) and alkaline phosphatase.
Haematological examination of the rats under JSPS also showed significant changes in
the haemogram characterized by reduction in total red blood cell count, packed cell
volume and haemoglobin. The JSPS was also found to induce macrocytic-hypochrorrnic
anaemia in the rats. However, no significant changes were noted in total or differential

leucocyte counts.
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Gross necropsy of the rats that succumbed to the toxicity of JSPS showed
congested visceral organs in general, where the intestines were grossly engorged with
haemorrhages. Histopathological changes observed were characterized by
degenerative changes extending to necrotic lesions in liver parenchyma and in the
proximal and distal convoluted tubules in kidney, congestion and desquamation of
superficial epithelium in intestines (duodenum and jejunum), and degenerative changes

in seminiferous tubules along with few spermatids with elongated nuclei.

CONCLUSION

The adverse effects of feeding diets with JSPS in rats have been attributed
to be due to presence of the phytotoxin curcin and a variety of anti-nutritional factors.
From the present investigations it may be concluded feeding J. curcas seeds as such
or adding to diets as a source of crude protein is harmful to the animals. However, the
seed protein can be made edible after detoxification and/or removal or inactivation of

anti-nutrients.

SUGGESTIONS FOR FUTURE RESEARCH WORK
Research on of J. curcas must be in the direction of devising methods to
detoxify the seeds or make them free from the anti-nutrients so that the seeds can be

utilized as a rich source of protein in livestock feeds.
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ABSTRACT

Jatropha curcas (Euphorbiaceae), popularly known as ‘Ratanjyot has varied medicinal
values and is of great economic importance, being the source of bio-diesel. Its seeds are also
considered highly nutritious and could be exploited as a rich source of protein supplement in animal
feeds. However, the seeds are not edible as such, because of presence of phytotoxins and/or anti-
nutrients. There also exist nontoxic varieties of J. curcas. The toxicity nature of the seeds of the
local variety of J. curcas is not known. Therefore, Investigations were undertaken to the toxicity of

the seeds in laboratory animals.

The acute oral toxicity was assessed by using J. curcas seed powder. The whole as
well as the defatted/de-oiled whole seed powder was processed to obtain cold and hot aqueous
extracts. The extracts were not toxic to the Wistar rats at oral doses as high as 3000 mg/kg.
However, the extracts at 7000 mg/kg oral doses produced only mild toxicity characterized by
depression and passing of blood-tinged feces. The acute oral LDsq in rats was presumed to be
more than 7000 mg/kg. Acute oral dosing of the extracts also had no adverse effect on the body
weight of the animals.

Subacute toxicity of Jatropha seeds was evaluated in rats by daily feeding the basal
diet supplemented at 25 and 50 % of crude protein through Jatropha seed powder. The rats which
received the Jafropha seed protein supplementation (JSPS) were dull and depressed from 31 day
of treatment and showed passage of blood-tinged loose feces from 6% post-treatment day onwards.
The rats became weak and gradual loss of condition, followed by mortality at both the levels of
supplementation within 21 days of feeding. The rats on JSPS also showed progressive decline in
their body weight. Similarly, the feed intake of rats with JSPS progressively decreased. The
biochemical profile of rats fed on diet with JSPS at both the levels revealed significant reduction in
plasma glucose and total protein and increase in plasma creatinine levels and increase in the
activities of plasma transaminases and alkaline phosphatase. Haemogram of the rats under JSPS
showed significant reduction in total red blood cell count, packed cell volume and haemoglobin
accompanied by macrocytic-hypochromic anaemia. The rats that succumbed to the toxicity of JSPS
showed congested visceral organs in general and histopathological changes such degenerative
changes (necrotic lesions) in liver parenchyma and in the proximal and distal convoluted tubules in
kidney, congestion and desquamation of superficial epithelium in intestines, and degenerative
changes in seminiferous tubules.

From the present investigations it may be concluded that feeding J. curcas seed protein
supplemented diets is harmful to the animals. However, the seed protein may be made edible after

detoxification and/or removal or inactivation of anti-nutrients.



