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The effect of oral administration of aqueous extract of Chrysocoma ciliata leaves at 50, 100, 200 and
400 mg/kg body weight for 14 days on some biochemical parameters of male rats was investigated. The
extract did not have any significant effect (p > 0.05) on the serum concentrations of sodium,
potassium, chloride, urea, calcium, albumin, magnesium, inorganic phosphorus, uric acid, globulin and
total protein as well as the red blood cell (RBC), hemoglobin (Hb), packed cell volume (PCV), mean
corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC) and red cell
distribution width (RCW). While the WBC was reduced at 50 and 100 mg/kg body weight, the 200 and
400 mg/kg body weight increased the blood parameter. The 50, 100 and 200 decreased the MCV. The
doses increased the levels of large unstained cells (LUC), neutrophils, eosinophils, serum alkaline
phosphatase, gamma glutamyl transferase, alanine and aspartate aminotransaminases whereas the
lymphocytes, basophils, serum total and conjugated bilirubin were decreased in the animals. The
platelet levels fluctuated throughout the experimental period. The level of the monocyte was only
increased at 100 mg/kg body weight of the extract. The 50, 100 and 200 mg/kg body weight of the
extract decreased the serum cholesterol concentration in the animals, whereas the 400 mg/kg body
weight increased the lipid parameter. Similarly, the 50, 100 and 200 mg/kg body weight also decreased
the serum triacylglycerol of the animals. The HDL-C, LDL-C and atherogenic index compared
favourably with the control. While there was no significant change at all the doses investigated in the
kidney and heart-body weight ratios, the extract at 50 and 400 mg/kg body weight increased the liver-
body weight ratio. In contrast, the 50, 100 and 200 mg/kg body weight decreased the testes-body
weight ratio. The parameter and dose specific effect of the extract on the biochemical parameters
suggest selective toxicity.
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INTRODUCTION

Chrysocoma ciliata otherwise known as bitterbos or bitter
cowcurd (English), kaalsiektebos (Afrikaans) and lhbosisi
(Xhosa), is a dense, rounded shrub growing up to 0.5 m
in height. It is indigenous to Southern Africa, usually
becoming invasive in overgrazed parts of the karoo and
poorly managed velds (Van Wyk et al.,, 2002). The
yellowish green leaves which are small and needle
shaped are sticky to touch. The plant has been reported
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to cause kaalsiekte (alopecia or hair loss) in lambs and
lakseersiekte (purging disease) in adult animals
(Tokarina et al., 1986; Van Wyk et al., 2002). Information
obtained on the ethnomedical uses of the plant from
some herb sellers and herbalists in Alice, South Africa
include relief of headache, menstrual and stomach pains.
It is also used in boosting fertility in women.

Many plants have been reported to be toxic to both
human and livestocks. For example, Vernonia molissima,
Datura stramonium and Solanum aculeastrum have been
implicated as nephrotoxic and hepatotoxic agents in
livestock and humans (Ertekin et al., 2005; Koduru et al.,
2006). Similarly, stem sample of Fadogia agrestis have
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also been reported to exhibit localized systemic toxicity
on haematological indices in rats (Yakubu et al., 2007),
while Allium ascalonium Bory and Chaub have been
shown to decrease most of the parameters relating to red
blood cells and also increased most of those relating to
white blood cells (Owoyele et al., 2004). However, to the
best of our knowledge, there is dearth of information on
the effect of C. ciliata leaf extract on some biochemical
parameters of liver and kidney damage, serum lipids and
haematological parameters of rats. Therefore, this study
was aimed at providing information on the effect of the
aqueous extract of this herb on biochemical parameters
of rats in order to evaluate the safety or toxicological
potentials of the extract.

MATERIALS AND METHODS
Plant material and authentication

The plant was collected in March, 2008 from a single population of
C. ciliata growing within the premises of Alice campus of the
University of Fort Hare, South Africa. It was authenticated by Mr
Tony Dold of the Selmar Schonland Herbarium, Rhodes University,
South Africa. A voucher specimen (AshMed.2008/1) was prepared
and deposited in the Giffen Herbarium of University of Fort Hare.

Preparation of extract

The leaves of C. ciliata were carefully rinsed under running tap
water, oven dried at 40°C and pulverized. Powdered plant material
(150 g) was extracted in distilled water at room temperature for 48 h
on an orbital shaker (Stuart Scientific Orbital Shaker, UK). The
extract was filtered through Whatman no. 1 filter paper and freeze-
dried using Savant Refrigerated Vapor Trap, (RVT4104, USA). This
was reconstituted in distilled water to give the required doses of 50,
100, 200 and 400 mg/kg body weight used in this study.

Experimental animals

Twenty male Wistar rats weighing between 200 and 230 g were
obtained from the Animal House of the Agricultural and Rural
Development Research Institute (ARDRI), University of Fort Hare.
The rats were housed in polypropylene cages placed in well-
ventilated house conditions (temperature 23 + 1°C, photoperiod: 12
h natural light and 12 h dark; humidity, 45 - 50%). They were
maintained on Balance Trusty Chunks (Pioneer Foods (Pty) Ltd,
Huquenot, South Africa) and tap water ad libitum. The study was
carried out following the approval of the ethical committee on
animal use and care of the University of Fort Hare, South Africa.

Animal grouping and extract administration

The animals were grouped into four consisting of five rats each.
Group A (control) received orally, 0.5 ml of distilled water for 14
days while groups B, C and D were treated like the control except
that they received 50, 100, 200 and 400 mg/kg body weight of the
extract. The distilled water and the extract were administered daily
between 1000 — 1030 h using metal oropharyngeal cannula.

Assay kits and chemical reagents

The assay kits for cholesterol, triacylglycerol, low-density lipoprotein

cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
creatinine, urea, calcium, sodium, magnesium, potassium, inorganic
phosphorus, albumin, bilirubin, alkaline phosphatase, gamma
glutamyl transferase, alanine and aspartate aminotransferases
were obtained from Roche Diagnostic GmbH, Mannhein, Germany.

Preparation of serum

The procedure described by Yakubu et al. (2005) was used in the
preparation of serum. Briefly, under ether anaesthesia, the neck
area of the rats was quickly shaved to expose the jugular veins.
The veins after being slightly displaced (to prevent blood
contamination by interstitial fluid) were sharply cut with sterile
scapel blade and an aliquot (2 ml) of the blood was collected into
EDTA sample bottles (BD Diagnostics, Preanalytical Systems,
Midrand, USA) for the haematological analysis. Another 5 ml of the
blood was allowed to clot for 10 min at room temperature and then
centrifuged at 1282 g x 5 min using Hermle Bench Top Centrifuge
(Model Hermle, 2300, Hamburg, Germany). The sera were later
aspirated with Pasteur pipettes into sample bottles and used within
12 h of preparation for the determination of the biochemical
parameters. The liver, kidney, heart and testes were thereafter
removed from the animals, freed of surrounding tissues and fats,
blotted in tissue paper and thereafter weighed for the determination
of the organ-body weight ratio as described by Yakubu et al.
(2008).

Determination of biochemical parameters

Adopting the method of Tietz et al. (1994), the levels of creatinine,
uric acid, calcium, magnesium, chloride, sodium and potassium
ions, phosphorus and urea were determined in the serum.
Cholesterol, LDL-C, HDL-C, triacylglycerol, albumin, bilirubin (total
and conjugated), total protein, alkaline phosphatase, gamma
glutamyl transferase, alanine and aspartate aminotransferases
were determined in the serum using assay kits from Roche
Diagnostics, GmbH, Mannhein, Germany on Roche modular (model
P800) Mannhein, Germany. While the globulin content in the serum
was obtained using an expression given by Tietz et al. (1994), the
atherogenic index was computed as described by Panagiotakos et
al. (2003). The Advia 2120 (Bayer, Germany) was used for the
determination of hematological parameters.

Statistical analysis

Data were expressed as means of five replicates + SD. They were
subjected to one way ANOVA and means were separated by the
Duncan Multiple Range Test. Percentage data were transformed to
arcsine before analysis. Significant levels were tested at P < 0.05.

RESULTS

The aqueous extract of C. ciliata at all the doses tested
did not have any significant effect on the RBC, Hb, PCV,
MCH, MCHC and RCW. While the WBC was reduced at
50 and 100 mg/kg body weight of the extract, the 200 and
400 mg/kg body weight increased the blood parameter.
The 50, 100 and 200 decreased the MCV. Whereas all
the doses investigated increased the levels of LUC,
neutrophils and eosinophils in the animals, the lympho-
cytes and basophils were decreased throughout the
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Table 1. Effects of aqueous extract of C. ciliata leaf on the haematological parameters of Wistar rats. n=5, X +S.D.
Haematological Extract (mg/kg body weight)
parameters Control 50 100 200 400

WBC (x 10%/1) 15.69 + 5.252 11.47 £5.25° 13.28 + 3.44° 21.06 + 5.62° 19.96 + 3.62°
RBC (x 10'2/1) 8.18 +0.512 8.58 +0.79% 8.69 +0.38% 8.36 +0.49° 8.19 +0.39%
Hb (g/dl) 15.47 +0.80° 15.63 +0.78° 15.55 +0.63° 15.43 +0.62° 15.63 + 0.63°
PCV (I /1) 0.50 % 0.02° 0.50 +0.03? 0.49 +0.01% 0.51 +0.03? 0.48 +0.02°
MCYV (fl) 60.30 + 1.28° 57.50 + 1.74° 55.70 +1.90° 52.98 +1.31° 60.35 + 1.78°
MCH (pg) 18.93 + 0.54° 18.28 £ 0.75° 17.95 + 0.50° 18.15 £ 0.73° 18.53 + 0.36°
MCHC (g/dL) 33.88 +5.04° 31.75 +0.62° 32.23+1.32° 32.30 +0.72° 30.73 +0.83°
RCDW (%) 13.08 +0.31? 13.07 +0.19° 13.05 +0.47° 13.02 + 0.59° 13.05 + 0.48°
Platelet (x10%1) 846.25 + 7.47° 786.25 + 4.76° 933 .00 + 5.68° 859.50 + 8.66° 789.00 +9.0.3°
Neutrophils (%) 4.90 +0.80° 7.50 +0.03° 10.5 +0.98° 6.07 +0.11° 6.20 + 0.56°
Monocytes (%) 33.33 £2.42° 32.93 +2.95% 46.2 +3.76° 29.7 +5.06% 34.38 +1.212
Lymphocytes (%) 53.50 + 4.84° 46.05 +2.84° 23.60 + 1.64° 28.70 + 2.38° 35.38 +2.81°
LUC (%) 8.13 +0.57% 9.83 +0.45° 11.33 £1.97° 11.15 £ 0.06° 11.40 £0.75°
Eosinophils (%) 2.30 +0.07° 3.07 +0.06° 2.98 +0.03° 5.35 +0.07° 5.80 + 0.05°
Basophils (%) 0.93 +0.02° 0.55 + 0.04° 0.65 +0.01° 0.65 + 0.06° 0.63 + 0.04°

Means with the same superscript across the rows for each parameter are not significantly different (P > 0.05). WBC, white blood cell; RBC,
red blood cell; PCV, packed cell volume; Hb, hemoglobin; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin
concentration; LUC, large unstained cells; RCDW, Red cell distribution width.

experimental period. The platelet levels fluctuated
throughout the experimental period. The level of the
monocyte was only increased at 100 mg/kg body weight
of the extract (Table 1).

The extract at all the doses (50, 100, 200 and 400
mg/kg body weight) did not produce any significant effect
on the serum concentrations of sodium, potassium,
chloride, urea, calcium, albumin, magnesium, inorganic
phosphorus, uric acid, globulin and total protein of the
animals. Creatinine level increased significantly only at
100 mg/kg body weight. The extract reduced the
concentrations of total and conjugated bilirubin in the
serum of the animals. Generally, the extract at all the
doses increased the activity of alkaline phosphatase,
gamma glutamyl transferase, alanine and aspartate
aminotransaminases in the serum (Table 2).

The 50, 100 and 200 mg/kg body weight of the extract
decreased the serum cholesterol concentration in the
animals whereas the 400 mg/kg body weight increased
the lipid parameter. Similarly, the 50, 100 and 200 mg/kg
body weight also decreased the serum triacylglycerol of
the animals. The HDL-C, LDL-C and atherogenic index
were not significantly different when compared with the
control (Table 3).

While there was no significant change at all the doses
investigated in the kidney and heart-body weight ratios,
the extract at 50 and 400 mg/kg body weight increased
the liver-body weight ratio. In contrast, the 50, 100 and
200 mg/kg body weight decreased the testes-body weight
ratio (Figure 1).

DISCUSSION

The various biochemical parameters investigated in this
study are useful indices of evaluating the toxicity of plant
extract in animals (Yakubu et al., 2003, 2007, 2008).
Assessment of haematological parameters can be used
to determine the extent of deleterious effect of extracts on
the blood of an animal. It can also be used to explain
blood relating functions of a plant extract or its products
(Yakubu et al., 2007). Such analysis is relevant to risk
evaluation as changes in the haematological system
have higher predictive value for human toxicity, when the
data are translated from animal studies (Olson et al.,
2000). The non-significant effect of the extract on the
RBC may be an indication that the balance between the
rate of production and destruction of the blood corpuscles
(erythropoiesis) was not altered. MCHC, MCH and MCV
relates to individual red blood cells while Hb, RBC, PCV,
LUC and RCDW are associated with the total population
of red blood cells. Therefore, the absence of significant
effect of the extract on RBC, Hb, PCV, MCH, MCHC and
RCDW could mean that neither the incorporation of
haemoglobin into red blood cells nor the morphology and
osmotic fragility of the red blood cells was altered
(Adebayo et al.,, 2005). The decreased MCV and the
elevated levels of LUC by the extract further suggest
selective toxicity of the extract and or its components.
The significant increase in the neutrophils by the extract
could possibly suggest enhancement in the ability of the
blood component to phagocytose. Lymphocytes are the
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Table 2. Effect of administration of C. ciliata leaf extract on liver and kidney function parameters of Wistar rats. n =5, X +S.D.

Aspartate aminotransaminase (U/L)

216.67 + 8.22°

317.33 +6.30°

394.75 +6.17°

313.75 + 4.15°

Parameters Extract (mg/kg body weight)
Control 50 100 200 400
Sodium (mmol/l) 138.25 +2.06° | 140.25 +1.89° | 140.00 +2.16% | 138.75 + 1.25% | 138.75 + 2.62°
Potassium (mmol/l) 5.28 +0.83° 5.28 + 0.60° 5.20 + 0.24° 5.38 + 0.06° 5.30 + 0.65°
Chloride ( mmol/ ) 101.00 + 0.00% | 103.00 +2.65% | 103.00 +2.83% | 102.00 +1.00* | 102.00 + 0.58%
Urea (mmol/l) 6.23 +0.34° 6.05 +0.57° 6.00 + 0.29° 6.25 + 0.45° 6.38 + 0.83°
Creatinine (mmol/l) 47.75+550° | 48.50+5.80° | 54.00+7.11° | 48.00 +4.08° | 48.25+3.77°
Calcium (mmol/l) 2.38 +0.05° 2.33 £0.16° 2.36 +0.06° 2.27 +0.09° 2.38 +0.09°
Albumin (mmol/l) 17.00+1.08° | 15.75+4.43% | 17.25+1.26° | 16.25+3.59* | 16.50 +0.58
Magnesium (mmol/l) 1.12+0.12° 1.11+£0.13 1.10  0.05° 1.09 + 0.09 1.13 £ 0.09
Inorganic Phosphorus (mmol/l) 2.70 £0.18% 2.63 +0.48° 2.68 +0.26% 2.62 +0.217 2.65+0.12°
Uric acid (mmol/l) 0.15 +0.05° 0.14 +0.02° 0.14 +0.04° 0.16 +0.03° 0.15 +0.02°
Total bilirubin (umol/l) 14.00 +1.00° | 9.75+0.42° 8.00 +0.71° 9.75+0.77° 9.00 +0.16°
Conjugated bilirubin (umol/l) 5.25+0.11° 3.00 +0.16° 3.00 +0.81° 3.25+0.95° 3.50 +0.29°
Globulin (mmol/l) 53.75 +2.01° | 55.50 +0.40° | 54.00 +0.45° | 54.00+0.25° | 53.50 +0.77°
Total protein (g/l) 70.75+3.14* | 71.25+3.30° | 71.25+262° | 70.25+3.05* | 70.00 +1.82°
Alkaline phosphatase (U/L) 316.75 +7.22% | 354.25 +8.00° | 390.00 +7.30° | 418.00 + 7.64° | 513.25 + 6.82°
y- Glutamyl transferase (U/L) 5.50 +0.10% 9.75 +0.50° 9.25 +0.50° 7.50 + 0.00° 8.25 +0.50°
Alanine aminotransaminase (U/L) 68.25 + 3.14% | 83.25+3.47° | 98.25+2.80° | 84.50 +3.51° | 103.75 + 4.64°

429.00 + 5.23°

Means with the same superscript across the row for each parameter are not significantly different (P > 0.05).

Table 3. Effect of C. ciliata leaf extract on serum lipid profile of Wistar rats. n=5, X +S.D.

Extract (mg/kg body weight)

Parameters Control 50 100 200 400
Cholesterol (mmol/l) 1.35+0.03* | 1.18 +0.06° | 1.08 £0.07° | 1.08 +0.04° | 1.43 +0.07°
TAG (mmol/l) 1.75+0.19% | 1.40+0.13° | 1.43+0.20° | 1.28 +0.07° | 1.78 £+0.03°
HDL-C (mmol/ ) 0.93 £0.09° | 0.90 £0.06* | 0.95+0.03% | 0.90 +£0.04* | 0.91 £0.01%
LDL-C (mmol /1) 0.76 £0.05% | 0.71 £0.07% | 0.74 £0.03* | 0.75+£0.03* | 0.75+0.04°
Atherogenic index (LDL-C/HDL-C) 0.82 0.79 0.78 0.78 0.82

Means with the same superscript across the rows for each parameter are not significantly different (P > 0.05).

main effector cells of the immune system (McKnight et
al., 1999). The reduction in the lymphocytes in this study
may affect the effector cells of the immune system.
Similarly, decreased levels of eosinophils and basophils
observed in this study could be an indication of adverse
effect on the immune system. The non-definite effect of
the extract on the platelets can be attributed to adaptation
by the animals to the effect of the extract. Since
monocytes have been shown to increase in cases of
infection, the increase in monocytes at 100 mg/kg body
weight of the extract observed in this study could be as
result of selective and dose specific effect of the extract
on the immune system of the animals. All these
alterations suggest selective toxicity of the extract on the
haematological parameters investigated in this study.

The biochemical indices monitored in the serum such

as the electrolytes and other secretory substances of the
liver and kidney can be used as ‘markers’ for assessing
the functional capacities of the organs (Yakubu et al.,
2003). These parameters of organ function if altered will
impair the normal functioning of the organs. The absence
of significant effect on the serum concentrations of
sodium, potassium, chloride, urea, calcium, albumin,
magnesium, inorganic phosphorus, uric acid, globulin and
total protein of the animals suggest that the secretory
ability and normal functioning of these organs in relations
to these parameters were unaffected. Creatinine is the
major catabolic products of the muscle. The dose-specific
increase in creatinine suggests selective toxicity of the
extract. Bilirubin, a metabolic breakdown product of heme
derived from senescent red blood cells, is also one of the
most commonly used liver function tests. The reduction in
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Figure 1. Effect of aqueous extract of C. ciliata on organ-body weight ratio of

Wistar rats.

the total and conjugated bilirubin could be adduced to
impairment in the secretory function of these proteins. It
may also adversely affect the functional activity of the
liver.

Alkaline phosphatase (ALP) is a ‘marker’ enzyme of
damage for the plasma membrane and endoplasmic
reticulum (Wright and Plummer, 1974; Shahjahan et al.,
2004). It is frequently used to assess the integrity of the
plasma membrane (Akanji et al., 1993). Similarly, y-
glutamyl transferase is a membrane bound enzyme
which catalyses the transfer of y-glutamyl group between
peptides and amino acids (Tate and Ross, 1977). En-
zymes from diseased or damaged tissues may become
recognizable in the serum presumably by leakage
through altered cell membrane of the rat organs (Akanji
and Ngaha, 1989). The increase in serum ALP and GGT
activities following the oral administration of the extract
implies damage to the plasma membrane (Yakubu et al.,
2003). Such increase in the activities of the enzymes
suggests disruption of the ordered lipid-bilayer of the
membrane structure of the affected organs. Alanine and
aspartate aminotransaminases are cytosolic enzymes
that can be used to assess damage to the liver and heart
(Chapatwala et al., 1982). The increase in the serum
enzymes is quite understandable since disruption of the
plasma membrane of the organs of the animals will be
accompanied by leakage of these cytosolic enzymes into
the serum, hence, the observed increase in the level of
the enzymes in the serum (Akanji and Yakubu, 2000).

Alterations in the concentration of major lipids like
cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol and triglycerides can give
useful information on the lipid metabolism as well as
predisposition of the heart to atherosclerosis and its
associated coronary heart diseases (Yakubu et al,
2008). High blood cholesterol concentrations are an
important risk factor for cardiovascular disease (Abolaji et

al., 2007). Therefore, the reduced levels of serum
cholesterol at 50, 100 and 200 mg/kg body weight of the
extract may be clinically beneficial to the animals as the
extract is unlikely to be associated with cardiovascular
risk at these doses. Similarly, the decreased levels of
serum triacylglycerol by the extract may be explained by
a reduced lipolysis (Yakubu et al., 2008). The absence of
significant effect on the HDL-C, LDL-C and atherogenic
index may be an indication that the extract may not
predispose the animals to atherosclerosis and coronary
heart diseases (Philip, 1995; Jackson, 1996; Mayes,
1996; Panagiotakos et al., 2003).

According to Moore and Dalley (1999), an increase in
organ-body weight ratio is an indication of inflammation
while a decrease may be due to cell constriction. The
increase in the liver-body weight ratio observed with the
extract at 50 and 400 mg/kg body weight may be due to
increase in functional ability of the organ while a
decrease in the testes-body weight ratio may be adduced
to cellular constriction. The absence of significant effect
on the kidney and heart-body weight ratios of the animals
is an indication that the extract did not adversely affected
the size of these organs in relation to the weight of the
animals.

Our study has shown that the aqueous extract of C.
ciliata leaves is capable of producing alterations on some
biochemical parameters investigated. These alterations
are dose and parameter specific. Therefore, the extract
from this herb may not be completely safe for oral
remedies.
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