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ABSTRACT

Cymbopgoncitratus is well known for its extensige in folk medicine. Its essential oils and exsdtave been
shown to have antimalarial, antileshmanial, hypwmlgmic, hypoglycemic, antioxidant, anti-inflammator
antifungal and antibacterial activities amongst @tb. This study was carried out to assess theteffdong-term

oral administration of the aqueous and ethanol leafracts on some biochemical and metabolic pararaein

experimental animals. Systemic acute oral toxigis assessed in mice up to a dose of 5§K4, while the sub-
acute and sub-chronic toxicity were studied onavisats. Graded doses of 0.25, 0.5 and 1dB® of each extract
were administered to experimental groups of ratsafperiod of 28 days and 90 days respectively|eathie control

groups received the vehicle. Acute oral toxicitytha# extracts did not produce any mortality or ageesigns of
toxicity. The extracts did not have any adversecefin changes in calculated body/organs weightd #re

hematopoietic system of rats. However, assay ore dmathemical parameters revealed mild toxicitytha liver

and kidneys at the highest dose for both extradis. extracts demonstrated strong hypolipidemic laygbglycemic
activities, which could associate it with the maaagnt of artherosclerotic diseases and increaseddksugar

levels.
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INTRODUCTION

Cymbopogoncitraty®C. Ex Nees) Stapf, formerly describedAadropogoncitratusby De Candolle and re-
classified by Otto Stapf, is of the Poaceae fanil9].Commonly called West Indian lemon or fever sga
Cymbopogoncitratus (C®) of Malaysian origin and has had extensive fak in the tropical countries and semi-
tropical areas of Southeast Asia, for more tharD2@ars [43]. It is a perennial robust herb, grapnim dense tufts.
Its leaves are fragrant, up to 70cm long and 5-1Bopad, with rough margins and a prominent midebdsth. Its
inflorescence is in panicles, 30-60cm long, witksile spikelets and linear or linear-lanceleote].[23ismainly
cultivated in Africa, Central America, South Eastid\and the Indian Ocean Islands.
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CCis used medicinally to treat typhoenteritis andejpel mosquitoes [8], flies and other insectss #lso employed
as an ingredient in many malaria remedies [17] [3#]5] [19] [35]. It has been shown to have nalizing effects
against snake venom [21] and for the tradition@atiment of influenza [24] and jaundice [28]. Thavies ofCC
contain volatile oils which are usually used in foem of tea to serve as a febrifuge while the soate used as
chewing sticks to clean the teeth [15].

Preliminary phytochemical screening revealed thesgmce of two new triterpenoids, cymbopogone and
cymbopogonol, the flavonoids,luteolin and its 64@ &-O —glycosides, [11] [39], isoorientin 2'-O-nmaoside and
the flavonoids,quercetin, kaempferol and apigifihe phenolic compounds,elimicin, catechol, chlorogeacid,
caffeic acid and hydroquinone, were also isolatechfthe plant. The essential oil 6C contains citrab. (~40%),
citral B (~32%), nerol (~4.18%), geranicol (~3.04%), ciebal (~2.10%), terpinolene (~1.23%), geranyl ateta
(~0.83%), myrecene (~0.72%), terpinol (~0.45%), hyisteptenone (~0.2%), borneol (~0.1-0.4%), landgktate
(~0.1%), a-pinene (~0.07%) an@-pinene (~0.04%) [26] [36] and all are importantvranaterial used in the
pharmaceutical and cosmetics industries, esped@lthe synthesis of Vitamin A and ionones. Thagtiduents of
the essential oil; citral, geranial, neral and repe have demonstrated antileshamnial activitie$ §@ other
biological activities such as hypoglycemic and Higdemic [3], free radical scavenging and anti@at [22],
antibacterial [33], ascaricidal [31], antinocicepti[38], anti-inflammatory [12], antifungal [9], afilarial [27],
antidiarrhoeal [44] amongst others.

In vitro cytotoxicity studies revealed that the essentikhlsotoxic at very high concentrations, thoughhés the
ability to suppress oxidative stress [25].

Despite the extensive use©C to treat a wide variety of ailments in folk mediej information of the in vivo safety
is lacking. In this regard this study aims at eatihg effects of long-term oral administration@€ leaf extracts on
some biochemical and metabolic parameters in wiatar

MATERIALS AND METHODS

2.1 Collection and Extraction of Plant Material

Fresh lemon grass leaves were harvested fromrhgiral habitat in Kombone, Kumba, Cameroon inrnttoaith of
July 2011. Plant identification and voucher specim®. TN6228 referencing was done at the Instiait®edical
Research and Medicinal Plants Studies (IMPM) héubarin Yaoundé, Cameroon by a botanist. The freshly
harvested leaves were then air dried, pulverizetithan weighed guantities were immersed in water ethanol
(80%) respectively for 4 h. Each of the macs wasdferred into a conical percolator for 72 h aredehtracts were
filtered with a sieve of 80um pore size [42]. Thieamol filtrate was first concentrated using a mp&vaporator and
then both filtrates were concentrated in an aimoae6GC. The extracts were weighed and stored in sedbstig
containers at % for subsequent use.

2.2 Animal Husbandry

Male and female Swiss albino mice (25 — 30g) andt&lYirats (170 — 210g) obtained from the animalskoof

IMPM were used for the acute, sub-acute and subritrtoxicity studies respectively. They were halise

stainless steel wire mesh cages up to a maximudrpef cage, in a well-ventilated room with 12 thtigark cycle,
with free access to clean drinking water and fatdr{dard rat feed). They were allowed to acclineaftiz one week
before experimentation. Plant extracts were adngred orally. All animals had regular supply ofariedrinking

water and food[32].

2.3 Evaluation of Acute Toxicity

The acute oral toxicity of the aqueous and ethadlextracts of£C was evaluated in Swiss albino mice according
to the procedures outlined by the Organization Emonomic Co-operation and Development (OECD) [45].
Following the fasting period, the mice were weiglad the dose was calculated in reference to tdg beight.
Volume of the extracts given to the mice was 10riikgdy weight BW). The crude extract was suspended in a
vehicle (distilled water and corn oil for the aqus@nd ethanol extracts respectively). The studyiniiated with a
sighting study, which consisted of a stepwise adstrtionof fixed doses of 0.05, 0.1, 0.3, 1.2 &megKg BWof

the aqueous and ethanol extracts respectivelydlesimale and female adult Swiss albino mice (2§)30his was
aimed at determining the dose of the acute toxidity observation. Since no mortality or signs ofi¢ty were
observed at this dose, an upper limit dose of 5@Wwas used for the main test; each crude extract was
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administered to three male (Test 1) and three fertiést 2) mice in the treatment groups, whereasctmtrol
groups received the vehicle. Food was providech&orice approximately an hour after treatment. @hienals
were observed 30min after dosing, followed by hpobiservation for 8 h and once a day for the néxddys. All
observations were systematically recorded withviiddial records being maintained for each animakviSing

animals were weighed and visual observations fortatity, behavioral pattern, changes in physicgbegyance,
injury, pain and signs of illness were conducteitiydiuring the period.

2.4 Evaluation of Sub-acute and Sub-chronic Toxicjt

Sub-acute and sub-chronic toxicity of the aqueausethanol extracts @C leaf was evaluated in Wistar rats. For
the aqueous extract the rats were divided intoodigs (A, B, C, D) of 12 rats each, while for theagtol extract the
rats were divided into 4 groups (E, F, G, H) ofafsreach. Groups A and E served as control andvescéhe
vehicle only (water and corn oil for aqueous artthrbl extracts respectively), while groups B, Cafdl F, G, H
served as test groups and were administered gduess of 0.25, 0.5 and 1gRBW of each extract respectively. At
the end of 28 days (sub-acute toxicity), blood waitected through the jugular vein and then 6 imisach group of
A, B, C, D and all the rats of E, F, G, H were ffa@d after an overnight fast, under diethyl etlamaesthesia,
whereas the remaining 6 rats of each of groups,AC Bnd D were sacrificed in like manner at the ehd0 days
(sub-chronic toxicity). The blood collected was diser hematological and biochemical analysis. Titaer] kidney
and heart were harvested immediately clean of bimidg physiological saline and weighed. The liged kidney
were then fixed in 10% formalin for histopathologjiexamination.

White blood cell (WBC), red blood cell (RBC) andcafglet (PLT) counts as well as their indices weralyzed
using a Hospitex Diagnostics Hema Screen 18 autonfegmatology analyzer. Safety endpoints for plasma
biochemical analysis included total proteins (TB3partate transaminase (AST), alanine transami(ais€),
alkaline phosphatase (ALP), blood urea nitrogen NBWric acid (URIC), creatinine (CRE), choleste(@HOL),
triglycerides (TGY), glucose (GLU) and these wenmleated using standard analytical kits from Faedre
Diagnostics Ltd, UK. The fixed organs were dehyeldatvith 100% ethanol solution and embedded in fiardfhey
were then processed into 4-5um thick sectionsnatiausing hematoxylin-eosin and observed underosiope as
earlier described by Gabe [46].

2.5 Statistical Analysis

All variables were subjected to descriptive datalysis. Continuous variables were expressed am#an and the
standard deviation (SD) from the mean. The reswéisee analyzed statistically using one-way ANOVA ana-
tailed Student'stest (IBM SPSS 20 Inc., USA) to identify the ditfeaces between treated groups and controls. The
data was considered significantPat 0.05.

RESULTS

3.1 Plant Extraction

The aqueous and ethanol extraction @E gave yields of 5.8% and 6.7% of the pulverizednplenaterial
respectively. Both the plant material and extrastse not contaminated with aflatoxin, pesticideasnemetal or
microbes.

3.2 Acute Oral Toxicity of CC Extracts

Effect of oral administration of CC extracts on thehavioral pattern and physical appearar&sethe end of 14
days of observation and systematic recording, ndatity or signs of acute toxicity were recordecbioth male and
female mice treated with the aqueous and ethamblebetracts ofCC up to a fix dose of 2gKiBW and in the main
test, at a dose of 5gEBW, as shown in Table 1.

3.2 Sub-Acute and Sub-chronic Oral Toxicity ofCC Extracts

Effect of oral administration of CC extracts on lgadd organ weightsThe changes in calculated body and visceral
organ weights of the control and treated animatssiown on Tables 2 and 3. There was no significeahge in
the body and visceral organ weights of experimemtéthals after short and long term administratibthe aqueous
and ethanol leaf extracts 6fCat a dose of up to 1gR$W. Change in body and organ weights was normal.
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Table 1. Acute systemic toxicity of the aqueous arethanol leaf extracts ofCymbopogoncitratus

Observations
Extract (525_?) Upon After 168 h 336 h % Mortality
Administration ¥%h 1h 8h 24 h 48 h .
(7 days (14 days
0.0t Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity 0
0.1 Normal activity | Normal activity Normal activity Normal activity | Normal activityl Normal activity Nmal activity | Normal activity 0
Aqueous 0.3 Normal act?v?ty Normal act@v?ty Normal act?v?t\ Normal act?v?ty Normal act?v?ty Normal act?v?t) Nmal act?v?ty Normal act?v?ty 0
1.2 Normal activity | Normal activityy Normal activity Normal activity | Normal activity| Normal activity Nmal activity | Normal activity 0
2.0 Normal activity | Normal activityy Normal activity Normal activity | Normal activityl Normal activity Nmal activity | Normal activity 0
5.C Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity 0
0.0t Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity | Normal activity 0
0.1 Normal activity | Normal activity Normal activity Normal activity | Normal activity| Normal activity Nmal activity | Normal activity 0
Ethanol 0.3 Normal activity | Normal activityy Normal activity Normal activity | Normal activityl Normal activity Nmal activity | Normal activity 0
1.2 Normal activity | Normal activityy Normal activity Normal activity | Normal activity| Normal activity Nmal activity | Normal activity 0
2.0 Normal activity | Normal activityy Normal activity Normal activity | Normal activityl Normal activity Nmal activity | Normal activity 0
5.0 Idleness Normal activity  Normal activif Nornaatdtivity | Normal activity| Normal activityl Normal &eity | Normal activity 0

Table 2.Effect of oral administration of Cymbopogoncitratusleaf extracts on the body weight of experimental amals.

Study Groups
(Dose)

Control Test1 Test 2 Test 3

Extract Toxicity (days) | Weight (g) (A, E) (B, F) (0.25gKg") (C,G) (D, H)
(Vehicle) (0.5gKc?) | (1gKgh)

Initial 182.17 203.17 194.33 184.33
Sub-acute (28) + 3.66 +9.00 +13.11 +13.84

Final 203.83 211.67 212.33 206.00
Aqueous + 3.06 +7.66 + 8.87 +11.80
Initial 182.17 185.50 185.00 187.67
Sub-chronic (90) + 3.66 + 8.69 +9.01 +11.41
Final 281.83 268.17 269.50 293.33
+10.15 +8.08 +9.63 +12.33
+3. +5. +6. +5,

Ethanol | Sub-acute (28) el 203.67 209.83 21233 | 213.17
+3.3¢ +8.57 +10.5¢ +10.7:

The data represents the Mean + SD for each grouptsf n = 6 (number of animals per group).
*p<0.05 = significant difference and **p<0.001= hidy significant difference compared to control (gpoA & E).

5564
Scholars Research Library



Protus ArreyTarkang et al Annals of Biological Research, 2012, 3 (12):5561-5570

The effect of the aqueous and ethanol extract€®fon the percentage weight gain and relative orgaight

(ROW) in experimental animals is presented in Tdbl&€here was no significant increase in ROW ofegxpental

animals compared to the control. The percentagg beilght gain in experimental animals treated wlith aqueous
extract waslower compared to the control, and emirgg normally in a dose-responsive manner. Howewer
experimental animals treated with the ethanol ettrathe percentage weight gain in experimentainald was
higher than that of the control. Increase wasdlogse responsive manner as well.

Table 3: Effect of oral administration of Cymbopogoncitratusleaf extractson the weight of some visceral orgamg experimental animals.

Weight of Organ in Study Groups (g)
Control Test 1 Test 2 Test 3
Extract Toxicity (days) Organ (A, E) (B, F) (0.25gKg" (C,G) (D, H)
(Vehicle) (0.5gKg") | (1gKg?)
Heart 0.74+0.04| 0.75+0.08 0.82+0.09 0.77+0.p7
Sub-acute (28) Liver 6.68+0.29 7.10 £0.41 6.95+0.14 7.14+0.p0
Left Kidney | 0.66+0.03 0.71+0.08 0.71+0.1D 0.75+0.p6
Aqueous Right Kidney | 0.67+0.03 0.72+0.09 0.71+0.06 0.7040.0
Heart 0.76+0.08 0.72+0.05 0.74+0.04 0.76+0.06
Sub-chronic (90) Liver 6.80+0.21 6.79+0.38 6.86+0.31 7.50+0.71
Left Kidney | 0.68+0.07 0.69+0.08 0.67+0.08 0.70+0.p6
Right Kidney | 0.67+0.05 0.70+0.08 0.67+0.03 0.7040.0
Heart 0.64+0.03 0.68+0.04 0.67+0.0R 0.67+0.p5
Liver 6.90+0.51 7.03+0.55 7.22+1.03 7.26+0.83
Ethanol | Sub-acute (28) ot idney | 0.66+0.05 0.730.09 0.73t0.0B _ 0.73+0.10
Right Kidney | 0.67+0.06 0.72+0.09 0.71+0.08 0.7290.0

The data represents the Mean +SD for each grouptsf n = 6 (number of animals per group).
*p<0.05 = significant difference and **p<0.001= ghly significant difference compared to controldgp A & E).

Effect oflong-term administration of CC extracts same hematological parameterbe effect of long-term
administration of the aqueous and ethanol leaiaeidrofCC on some hematological parameters is shown in Table
5. In rats treated with the aqueous extract fod@g (sub-acute), we observed a dose-dependeificgighincrease

in LYM # (p < 0.05), HCT (p < 0.001), PLT (p < 000 a significant increase (p < 0.05) in WBC (reidigcto
normal at 1gkd), HGB (at 1gKg-1), MCV (at 1gK{); a highly significant (p < 0.001) increase in RBi2creasing
dose-dependently) and a dose-dependent signifipast 0.05) decrease in MCH, when compared to therab
However, after 90 days of treatment with same ekti@e observed a significant (p < 0.05) dose-ddpehincrease

in RBC, HCT, PLT (p < 0.001; decreasing) and aificgmt decrease in MCH (increasing to normal).

In same light, rats treated with the ethanol extshowed a highly significant (p < 0.001) dose-dejsnt increase
in RBC and HCT but a contrary significant decreiaseLT, which increased to normal at 1gKg

Table 4.Effectof oral administration of Cymbopogoncitratusleaf extracts on the relative organ weight (ROW) pel100 g body weight of
experimental animals recorded after 28 days and 9@ays.

Weight of Organ in Study Groups(g)
Control Test 1 Test 2 Test 3
Extract Toxicity (days) Organ (A, E) (B, F) (0.25gKg) (C,G) (D, H)
(Vehicle) ' : (0.5gKgY) | (1gKg?)
Heart 0.36+0.02 0.35+0.01 0.38+0.01  0.37+0/01
Liver 3.28+0.09 3.35+0.05 3.27+0.0p  3.46%0.p2
Sub-acute (28) Left Kidney 0.32+0.0: 0.34+0.0: 0.33+0.0: | 0.36+0.0:
Right Kidney 0.33+0.01] 0.34+0.01 0.33+0.01  0.3440/0
Aqueous % Body wt gained 11.89 4.18 9.26 11.75
Heart 0.27+0.01 0.27+0.01 0.27+0.01  0.26x0/01
Liver 2.41+0.02 2.53+0.05 2.55+0.08  2.56%0.p6
Sub-chronic (90) Left Kidney 0.24+0.01 0.26+0.01 0.25+0.Q1  0.24+0,01
Right Kidney 0.24+0.0: 0.26+0.0: 0.25+0.0: | 0.2440.0:
% Body wt gained 54.70 44.57 45.67 56.30
Heart 0.31+0.01 0.32+0.01 0.32+0.01  0.31+0/01
Liver 3.38+0.15 3.35+0.06 3.40+0.00 3.41+0.p8
Ethanol Sub-acute (28) Left Kidney 0.32+0.02 0.35+0.01 0.34+0.01  0.34+0,01
Right Kidney 0.33+0.02 0.34+0.01 0.33+0.01  0.3440/0
% Body wt gained 13.89 14.66 16.45 17.02

The data represents the Mean +SD for each grouptsf n = 6 (number of animals per group).
*p<0.05 = significant difference and **p<0.001= ghly significant difference compared to controldgp A & E).
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Table 5.Effect of oral administration ofCymbopogoncitratusieaf extracts on some hematological parameters irxgerimental animals.

AQUEOUS EXTRACT ADMINISTRATION ETHANOL EXTRACT ADMI  NISTRATION
SUB-ACUTE TOXICITY SUB-CHRONIC TOXICITY SUB-ACUTE TOXICITY
(28 days) (90 days) (28 days)
HEMA PARA. A B . C . D . A B . C . D . E F . G . H .
Control | 0.25gKg" | 0.5gKgd 1gKg Control | 0.25gKg" | 0.5gKgd 1gKg Control | 0.25gKg 0.5gKg 1gKg
WBC (16ul) 11.42 14.47* 13.90* 13.97 10.75 10.67 11.13 10.65 18.07 16.10 17.93 18.68
+2.69 +2.01 +2.37 +2.46 +1.54 +1.55 +0.99 +1.59 +1.51 +1.06 +1.94 +1.98
LYM # (1G9ul) 7.05 11.33* 11.51* 11.65* 7.17 8.49 8.55 8.95 12.99 13.12 14.86 14.49
+1.03 +1.80 +1.61 +2.20 +1.21 +1.08 +0.85 +1.05 +1.46 +0.67 +1.38 +2.08
LYM % (%) 61.35 70.67 67.95 75.30 64.68 78.21 79.92 82.34 72.73 76.60 77.58 77.80
+3.07 +1.29 +1.29 +3.65 +8.53 +6.81 +2.31 +4.34 +3.16 +2.39 +1.40 +4.17
RBC (10°/ul) 4.48 7.93* 7.49* 7.46** 6.65 8.13* 8.19* 8.26* 5.73 7.97* 8.91* 9.08**
+0.23 +0.70 +0.59 +0.51 +0.21 +0.83 +0.67 +0.90 +0.28 +0.67 +0.84 +0.58
HGB (g/dl) 12.68 14.85 14.68 15.42* 12.02 14.40 13.30 13.25 14.73 15.77 15.93 15.95
+1.79 +2.07 +1.28 +1.19 +1.76 +1.05 +0.43 +0.62 +0.93 +1.07 +0.79 +1.16
HCT (%) 29.87 36.28* 36.83* | 37.35** 37.03 42.87* 43.02* | 43.27* | 36.90 36.50 42.72* 43.65*
+0.82 +4.10 +2.25 +0.94 +1.51 +1.81 +1.61 +2.02 +2.35 +1.68 +1.84 +2.03
MCV (fl) 58.85 54.67 58.00 68.67* 60.00 52.17 56.50 52.00 48.50 48.33 48.50 49.50
+0.99 +3.01 +6.42 +4.23 +1.79 +1.17 +0.84 +1.90 +1.97 +1.97 +3.21 +2.35
MCH (pg) 27.88 20.97* 21.57* 27.00 22.22 16.97* 17.28* | 17.32* | 16.83 17.32 17.50 18.10
+1.60 +1.54 +1.42 +1.25 +0.59 +0.25 +0.98 +1.56 +0.92 +1.91 +1.29 +1.37
MCHC (g/dl) 43.35 39.07 42.62 45.80 35.02 34.47 35.23 35.83 33.70 35.33 35.50 36.87
+0.87 +1.95 +3.28 +3.83 +1.86 +1.65 +1.55 +2.24 +1.35 +2.12 +1.08 +3.06
PLT (16ul) 372 559.50** | 558.83* | 579.17** 475 521.00** | 424.00** | 419.00| 490.67 387.50* 487.33* | 507.67*
+14.89 +8.31 +18.81 +12.09 | #1041 +8.26 +9.08 | #18.15| +9.35 +18.62 +16.67 +21.94

Hematological Parameters: WBC (White Blood Cell Count),YM #Lymphocyte number,YM % (Lymphocyte percentagdyBC (Red Blood Cell Count{ GB (Hemoglobin)HCT (Hematocrit),
MCV (Mean Corpuscular VolumeylCH (Mean Cell HemoglobinMCHC (Mean Corpuscular Hemoglobin ConcentratioR), T (Platelet Count).
The data represents the Mean +SD for each grouptsf n = 6 (number of animals per group).
*p<0.05 = significant difference and **p<0.001=ighly significant difference compared to the apprage control (group A and E)
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Table 6.Effect of oral administration ofCymbopogoncitratuseaf extracts on some plasma biochemical parameteirs experimental animals.

AQUEOUS EXTRACT ADMINISTRATION ETHANOL EXTRACT ADMI  NISTRATION
SUB-ACUTE TOXICITY SUB-CHRONIC TOXICITY SUB-ACUTE TOXICITY
(28 days) (90 days) (28 days)
A B C D A B C D E F G H

BIOCH PARA. | ontrol 0.25gKg" | 0.5gKg"* | 1gKg"' | Control | 0.25gKg" | 0.5gKg* | 1gKg® | Control | 0.25gKg" | 0.5gKg* | 1gKg*
TP (g/dl) 6.28 9.31* 8.70** 8.68** 6.75 6.36 6.47 6.22 8.23 8.79 9.50 8.71
+0.16 +0.32 +1.31 +0.85 +1.10 +0.16 +0.51 +0.34 +0.70 +0.73 +1.20 +0.45

AST (U/l) 126.93 | 103.33* 112.72* | 121.58 72.89 75.70 75.18 69.74 41.49 41.33 46.05 51.05**
+5.58 +12.83 +10.67 +5.87 +3.63 +3.50 +4.72 +5.91 +2.14 +3.10 +6.23 +1.56

ALT (UN) 14.70 11.76* 12.02* 13.57 11.93 13.82 14.28* 17.21* 14.93 14.14 15.97 17.81*
+1.27 +1.45 +1.10 +1.23 +0.90 +1.09 +0.54 +0.36 +1.36 +0.61 +2.74 +2.78

ALP 210.13 212.45 214.62 | 214.96 | 108.81 106.54 119.83* | 124.38* 67.49 65.83 69.58 85.85*
[(S2D)] +6.43 +4.33 +8.11 +6.29 +4.11 +6.25 +8.75 +7.32 +3.98 +4.29 +6.93 +7.43
BUN (mg/dl) 61.92 61.87 63.20 65.23 105.91 104.35 94.61 76.83* 49.48 56.13 55.58 52.82*
+4.48 +6.13 +4.01 +3.17 +8.30 +11.13 +5.21 +6.13 +3.32 +5.68 +6.39 +1.53
URIC (mg/dl) 5.43 4.26* 4.28* 4.50* 2.55 3.43 3.45 3.92* 4.09 4.00 4.56 5.09
+0.24 +0.39 +0.37 +0.43 +0.17 +0.14 +0.47 +0.29 +0.46 +0.61 +0.56 +0.82
CRE (mg/d]) 0.73 0.53 0.53 0.80 0.56 0.44 0.44 0.56 0.47 0.40 0.53 0.67
+0.16 +0.02 +0.01 +0.03 +0.17 +0.01 +0.01 +0.01 +0.16 +0.01 +0.03 +0.02

TGY (mg/di) 87.75 87.25 75.49** | 72.06** 63.38 56.34 71.83 84.98* 67.78 75.56 88.89* 97.22**
+6.29 +16.07 +3.56 +4.05 +9.04 +11.27 +10.50 +15.47 +5.44 +5.44 +8.07 +6.12

CHOL (mg/di) 59.32 34.22** 37.52** 56.02 55.05 42.69* 54.84 77.10% 65.77 54.41* 61.69* 62.84
+5.46 +3.79 +2.83 +5.80 +4.63 +2.93 +5.35 +3.97 +3.41 +1.75 +1.35 +2.22

GLU (mg/di) 144.29 | 87.25** 96.30* | 88.20** | 128.84 | 103.19** | 107.16** | 100.33* | 115.22 111.00 115.92 128.10*
+10.28 +12.13 +18.24 +9.52 +8.31 +2.57 +7.99 +4.56 +3.36 +7.70 +10.05 +5.04

Biochemical parameters: TP (Total Proteins);AST (Aspartate transaminaseL T (Alanine transaminaseALP (Alkaline phosphataseBUN (Blood urea nitrogen)tJRIC (Uric acid); CRE

(Creatinine); TGY (Triglycerides);CHOL (Cholesterol);GLU (Glucose).
The data represents the Mean +SD for each grouptsf n = 6 (number of animals per group).
*p<0.05 = significant difference and **p<0.001kighly significant difference compared to the appiate control (group A and E).
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Effect of long-term administration of CC extractssmme biochemical parameterbe effect of oral administration
of the aqueous and ethanol leaf extract€©@fon plasma biochemical examination is summarizethiole 6. In rats
treated with the aqueous extract for 28 days, werded a highly significant (p < 0.001) increaseTin (dose-
dependently decreasing), a significant (p < 0.0Brréase in AST, ALT, URIC, CHOL, which were dose
dependently increasing to normal and significaréiguced (p < 0.001) values for TGY and GLU, whempared

to the control. After treatment with same extramt 90 days, we recorded significantly increasee @05) ALT,
ALP, URIC, TGY, CHOL values, at a dose of 1gHV and significantly reduced (p < 0.05) values forNB{at
1gKg™) and GLU, in relation to the control.

Likewise, rats treated with the ethanol leaf extiafcCC showed significant (p < 0.05) increase in AST, AIALP,
BUN, TGY, GLU values, at a dose of 1gKBW and significant (p < 0.05) decrease in CHOL valwéjch
increased to normal at 1gkBW, when compared to the control. All other paransetemained normal in when
compared to the control.

Effect of long-term administration of CC extracts some visceral organs (Histopathological examoratiGross

and microscopic examination of the kidney and liweexperimental animals revealed normal architectf these
visceral organs in rats treated with the aqueousethanol extracts at all doses, except for thosated for 90
dayswith the agueous extract (Group D)in which Wwseoved vascular congestion in the liver, and aséhtreated
with the ethanol extract for 28 days (Group H),which we observed scarring of the liver and sligittular

distortion in the liver,at a dose of 1gkBW, when compared to the control rats.These abnooisérvations are
shown in Fig 1.

Fig 1. Photomicrograph (x 40) of kidney and liver bexperimental rats treated with Cymbopogoncitratus leaf extracts: (a)-Normal tubular
architecture of the kidney in control. (b)-Normal architecture of the liver in control. (c)-Vascular mngestion of the liver in rats treated with the
aqueous extract at 1gKgBW for 90 days. (d) — Tubular distortion in the kidney of rats treated with the ethanol extract for 28 @ys at 1gKg
'BW. (e) — Edema and scarring of the liver in rats trated with the ethanol extract for 28 days at 1gKgBW.

DISCUSSION

In acute oral toxicity, the aqueous and ethandléetracts ofCC did not cause any mortal or adverse effect on the
male and female experimental mice during the olaginv period of 14 days, up to a dose of 5gKBWY. Changes

in the parameters recorded are usually the figissiof toxicity [41] and none of these were recdrd&nd in
accordance with the OECD Guidance Document on ACut# Toxicity Testing [45] and an earlier studyréed

out by Kennedyet al, [20], LDy, values of test compounds greater than S48y are considered to be safe. As
such, we can conclude that these extracts are;xndnd safe at single dose oral toxicity.
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The record of the calculated body and visceral mongaights did not reveal any effect from the adstiation of
both the aqueous and ethanol leaf extracts@fThis shows that the extracts did not have angesd#veffect on the
experimental animals [6]. However, the percentaggylweight gained in the rats treated with the mohaxtracts is
higher than that of the control, revealing eithreréase in appetite or the effect of the corn dHis was not adverse
as it did not effect a significant change in bodypgan weights.

The hematological parameters WBC, RBC and plateletsnediators of immunity and play a vital rolérnmune-
protection and tissue repair [10] [40]. The genénalease and/or normal values of these paramatadstheir
indiceswhen compared to the control indicate thate¢ was no observed adverse effect of these &xtomcthe
hematopoietic system, which serves as an imporitashéx ofthe physiological and pathological statdg. [
Hence,these extracts acted like a boost to the mensystem. This correlates with earlier studieChybajaét al.
[12] and Cheddt al. [22], which demonstrated theanti-inflammatoryefradical scavenging and antioxidant activity
ofthis plant.

Serum transaminase (AST, ALT) and phosphatase (Ak€)ndicators of hepatic function [47]. Increaged and
ALP after long term (90 days) administration of iqueous extract at a dose of 18V, may be indicative of a
hepatic tissue or cellular damage [10]. The sansemation was made after administration of therethaxtract for
28days, at same dose. This was reflected in thepaithological examination of the liver from bottogps, which
revealed vascular congestion and scarring resgdgtidence an observed adverse hepatic effectesktiextracts at
high doses. However, at lower doses, the hepatitegtion of these extracts was confirmedby nornzlies in
experimental animals when compared to the control.

URIC is the end product of purine metabolism [10§l & is an indicator of cardiovascular and reriakdses [29],
while. BUN and creatinine are indicators of glomartfiltration rate (GFR), which is an indicator tfe renal
function [13]. Increased URIC, TGY and CHOL valuesats treated with the aqueous extract for 9Gddya dose
of 1gKg*BW might be indicative of liver tissue damage assailteof increased production and secretion of TGY b
the liver, because BUN and CRE were normal whenpeoed to the control. This is evident in the vascul
congestion observed in the histo-architecture efitrer at this dose.

The observed increased BUN, TGY and GLU after adstration of the ethanol extracts for 28 days &g {BW

might be indicative of renal toxicity, as evidenéedhe scarring of the liver and mild tubular digion observed in
the kidney in rats treated with the extract atdhme dose. However, the normal creatinine levehvdoenpared to
the control indicated that this toxicity is of noenal cause [10]. Most plant extracts are knowrptoduce
degenerative changes to renal architecture [18}altiee presence of certain secondary metaboliteish might be
the case.

A general assessment of the lipid and glycemicilgrafidicated significantly reduced and/or normalues for
TGY, CHOL and GLU after long-term administrationtb&é aqueous and ethanol extracts at doses loaerlijKg
!BW. This might be indicativeof hypolipidemic and hghgcemic activities, as earlier reported. The higidemic
activity might be as a result of the antioxidantgerty of the extracts, which lowers the level bblesterol in the
blood by increasing LDL catabolism. The extractgmialso inhibit cholesterol synthesis and delayaibsorption
[37] at low doses. The hypoglycemic effects maylbe to the presence of insulin-like substance iptaet extracts
[14] [7], stimulation of 3 cells to produce moresiin [2], increasing glucose metabolismor regetiezeeffect of
the extracts onpancreatic tissue [16]. Hence, this# extracts could be used in the regulatioblodd sugar levels
and management of artherosclerotic diseases.

CONCLUSION

The findings of this study indicate the relativéesya and important biological activities of the &guis and ethanol
leaf extracts o€Cbut long term use and high doses should be disgedra
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