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and plant products as alternative to orthodox medicines 
especially in developing countries (Bright, 2013; WHO, 
2008). 

Mistletoes are a polyphyletic group of flowering plants 
comprising over 1300 species from a broad range of 
habitats across all continents except Antarctica (Nickrent, 
2001). They are semiparasitic plants and grow on various 
host trees and shrubs where they survive by depending 
on their respective host for mineral nutrition and water, 
although they produce their own carbohydrates through 
photosynthesis (Griggs, 1991). Mistletoe was described 
as “an all-purpose herb” due to its rich traditional uses 
and it has been widely used in ethnomedicine for various 
purposes, including antihypertensive, anticancer, anti-
spasmodic, antidiabetic and for treatment of epilepsy, 
headache, infertility, menopausal syndrome and 
rheumatism (Moghadamtousi et al., 2013). 

Nigeria has wide distribution of mistletoes with different 
local names that depend on the area where they occur. L. 
micranthus, a member of the Loranthaceae family is a 
Nigeria species of the African mistletoe. It grows on 
various host trees including Persia americana, Baphia 
nitida, Kola acuminata, Pentaclethra macrophylla, and 
Azadirachta indica (Osadebey et al., 2012, 
Moghadamtousi et al., 2013). The plant is widely reputed 
in folk medicine for its use as antimicrobial, antihy-
pertensive, anticancer, and antidiabetic agent and also 
for the treatment of headache, infertility, epilepsy, cardio-
vascular diseases, menopausal syndrome, agglutination, 
and rheumatism. Some of these ethnomedicinal uses 
have been supported with scientific data in the literatures 
(Nkanu et al., 2002; Osadebe and Ukweze; 2004, 
Grossarth et al., 2007; Orji et al., 2013). Of particular 
interest to this study is the reported use of the plant 
among some local people in Nigeria for the management 
of fibroid [an overgrowth of tissue in the endometrium 
(inner lining of the uterus)] in women. 

Monosodium glutamate (MSG), (2-amino pentane dioic 
or 2-amino glutaric acid) is the sodium salt of the non-
essential amino acid glutamic acid commonly used as a 
flavor enhancer especially in foods. It is a popular 
condiment in Nigeria and marketed as Ajinomoto, vedan, 
vetsin, Accent and Tasting powder (Palamisamy et al., 
2012; Ogunlabi et al., 2014). Despite its wide uses, the 
safety of MSG's usage has generated much controversy. 
In Nigeria, many people often use MSG as a bleaching 
agent for the removal of stains from clothes (Obochi et 
al., 2009; Eweka, 2007). As a result, there is a growing 
apprehension that its excellent bleaching properties could 
be harmful to the stomach mucosa or worse still inducing 
terminal diseases in consumers when ingested as a 
flavor enhancer in food (Huthman et al., 2009; Eweka, 
2007). To support this, some authors have reported brain 

 
 
 
 
damaging potentials, stunted skeletal development, 
behavioral aberration, neuro-endocrine disorder, possible 
learning deficits, seizures (epileptic fits), learned taste 
aversion and hyperglycemia as possible adverse effects 
of abuse of the use of MSG (Farombi and Onyema, 2006; 
Onyema et al., 2006; Ortiz et al., 2006).  

Some studies have shown that MSG induces oxidative 
stress and hepatotoxicity in rats (Onyema et al., 2012; 
Onyema et al., 2006; Diniz et al., 2004) as well as 
impaired glucose-induced insulin secretion by pancreatic 
islets of obese mice (Andreazzi et al., 2009). Another 
report by Park et al. (2010) proposed that MSG produces 
altered lipid profile with elevation in reactive oxygen 
species (ROS) formation and reduction of antioxidant 
activities. This observation agrees with earlier studies 
that reported hyperleptinemia (Hollopeter et al., 1998), 
adiposity and increase of plasma fatty acids and 
triacylglycerols (Dawson et al., 1997) with oral 
administration of MSG into rats. Obochi et al. (2009) also 
reported that MSG administration leads to increased 
cholesterol, protein and oestrogen which lead to induction 
of fibroid in rats. 

Therefore, the present study was carried out to 
investigate the efficacy of L. micranthus in preventing or 
reversing alter plasma lipid profile and cardiovascular 
disease risk factors associated with MSG administration 
in rats. 
 
 
MATERIALS AND METHODS 
 
Monosodium glutamate  
 
MSG was obtained from Sigma Chemical Company Japan. A 
solution was prepared by dissolving 10 g of MSG in 500 ml distilled 
water.  
 
 
Plant authentication and extraction 
 
Fresh leaves of mistletoe were obtained from a farm garden at 
Odogbolu, Ogun State, Nigeria in August 2013. The plant was 
identified as L. micranthus at the Botany Department of Olabisi 
Onabanjo University, Ago-Iwoye, Ogun State. A voucher number 
EH135IO was thereafter assigned after which specimen was 
deposited at the herbarium. The leaves were then washed and air 
dried at room temperature for two weeks. The dried leaves were 
pulverized into coarse form. The coarse powdered form was 
weighed and 362 grams was soaked in 1000 ml distilled water. The 
mixture was left to stand for 48 h with occasional stirring. The 
extracted product was then sieved into a clean container and 
further concentrated using a rotary evaporator at 40°C. The 
concentrated product was then lyophilized. The yield of the extract 
was 8.7%. 
 
 
Experimental design 
 
Thirty five (35) mature virgin female Wistar rats weighing 155 to
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164 g were used in the study. The rats were obtained from the 
animal house, Department of Physiology, Olabisi Onabanjo 
University, Ago-Iwoye, Nigeria and were acclimatized for seven 
days at the Animal Facility Centre, Department of Biochemistry, 
Olabisi Onabanjo University, Nigeria. All the animals were housed 
in metallic cages and maintained in well ventilated room provided 
with 12:12 h light and dark cycle for each 24 h period at a 
temperature of approximately 25°C. They were all maintained on 
standard rat pellets and tap water ad libitum throughout the period 
of the study. All the rats used in the study showed regular estrous 
cycle length (4 to 5 days). The phases of estrous cycle were 
determined by observing the vaginal smear in the morning (08: 00h 
to 10:00 h) according to procedure described previously (Solomon 
et al., 2010). The animals were initially randomly assigned to three 
groups labeled as normal control/group 1 (7 rats), test control 
/group 2 (21 rats) and test group / group 3 (7rats). Rats in each 
group were treated as follow: Group 1 (Normal control): 
administered with normal saline; Group 2 (Test control): 
administered with MSG (200 mg/kg body weight); Group 3 (Test 
group): administered with MSG (200 mg/kg b. w) and L. micranthus 
600 mg/kg body weight). 

All administrations were carried out as a single dose daily for 28 
days by oral galvage. After 28 days of administration, seven rats 
were sacrificed from each group after 12 h fasting; the rats were 
then evaluated on the basis of preventive effects of L. micranthus. 
The remaining rats in group 2 were redistributed to two groups of 
seven rats each, labeled, group 4 (extract treated) and 5 (self-
recovery). Administration of MSG was discontinued in the two 
groups while rats in group 4 were administered with L. micranthus 
(600 mg/kg) extract; rats in group 5 were treated with normal saline. 
All administrations were carried out for the next 30 days after which 
the rats were sacrificed.  

All the rats were sacrificed after anethesia with diethyl ether in a 
closed jar. Blood was collected by cardiac puncture into plain 
bottles and the rats were evaluated based on the curative potential 
of the extract. The uterus, kidney and liver were harvested cleaned 
of blood and weighed. The uterus was thereafter used for 
histopathology study. 
 
 
Biochemical assay 
 
Initial and the final body weight of all the rats were measured using 
a Mettler weighing balance (Mettler Toledo Type BD6000, 
Greifensee, Switzerland). Serum was prepared from the collected 
blood samples by centrifugation and used for analysis. Fasting 
blood glucose was measured according to method adopted 
previously by Miwa et al. (1972) using a glucose kit (enzymatic 
method) (Sigma). Serum protein determination was by the method 
of Lowry et al. (1951). Triglyceride was determined using enzymatic 
colorimetric kits (Wahlefeld, 1974). Both total cholesterol and HDL-
C were determined in the serum by the methods previously 
described (Stein, 1986). From the results, LDL cholesterol was 
calculated based on the method of Friedewald et al. (1972). 
According to the method, LDL can be calculated as follows: 
 
LDL = Total cholesterol - HDL-TG/5 
 
Atherogenic index was calculated from serum HDL and cholesterol 
levels using the equation previously reported by Gillies et al. (1986). 
 
                                   Serum cholesterol level- serum HDL level 
Atherogenic index =   
               Serum HDL level 
 
Coronary risk index was obtained by the method of Alladi and 
Khada (1989). 
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                                                            Total cholesterol 
      Coronary risk index (CRI) =  
                               HDL- cholesterol 
 
 
Histopathology study 
 
The dissected uterus was immersion-fixed in bouins fluid over night 
at room temperature after which the tissues were transferred to 
ascending grades of alcohol for dehydration. The tissues were 
cleared with two changes of xylene for one and half hours each, 
transferred into two changes of molten paraffin wax I and II for one 
and half hour each and wax- III for overnight in an oven at 65°C for 
infiltration.  

The tissue was then processed according to the method 
previously described (Solomon et al., 2010). The tissue block was 
serially sectioned at 6 µm thickness using microtome. Strips of 
sections were gently lowered into the surface of a warm water bath 
at 40°C. The floated sections were mounted on egg albumin coated 
microscopic slides, and put in an oven maintained at 60°C for 30 
min to fix the tissue firmly on the slide. The slides were dewaxed 
with two changes of xylene and hydrated with decreasing alcohol 
concentration and then immersed in water for 5 min. The sectioned 
tissues were then stained regressively with Ehrlich's hematoxylin 
and counter stained with Eosin.  

After staining with eosin, tissues were washed in tap water and 
dehydrated by rinsing in increasing concentration of alcohol and 
then xylene-I. They were then placed in xylene-II until mounting. 
Finally, a drop of mountant DPX (A mixture of Distyrene, a 
Plasticizer, and Xylene) was placed on top of the sections and the 
cover slip was applied. 
 
 
Animal care 
 
The care of the animals was in accordance with the U.S. Public 
Health Service Guidelines (NRC, 1999) and was approved by the 
Olabisi Onabanjo University, College of Health Sciences Animal 
Ethics Com. 
 
 
Statistics 
 
All data were expressed as mean ±SEM. One-way analysis of 
variance (ANOVA) was used to analyze the data. Comparisons 
between the groups were made at a two-sided alpha level of 0.05. p 
< 0.05 was considered statistically significant. 
 
 
RESULT 
 
Table 1 depicts the variation in serum lipid profile, 
atherogenic index (AI) and coronary risk index (CRI) with 
MSG administration and during treatment with L. 
micranthus. There was a significant increase (p<0.05) in 
plasma triglyceride, total cholesterol and LDL-cholesterol 
and a reduction in HDL-cholesterol when MSG was 
administered. Combined administration of MSG with L. 
micranthus significantly brought these parameters to the 
pre-treatment values. Table 1 also indicates that when 
the rats were treated with L. micranthus for the 30 days 
after the 28 days of continuous administration of MSG, 
the observed values of serum triglyceride, total 
cholesterol, LDL-cholesterol and HDL-cholesterol 
(96.41±5.93, 120.16±5.93, 41.27±5.15, 26.90±4.02 mg/dl  
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Table 1. The results of the effect of L. micranthus treatment on plasma lipid profile, atherogenic and coronary risk indexes. 
 

Group Treatment 
Plasma lipid profile 

Atherogenic 
index (AI) 

Coronary risk 
index (CRI) Triglyceride 

(mg/dl) 
Total cholesterol 

(mg/dl) 
HDL (mg/dl) LDL (mg/dl) 

1 Normal control (normal saline) 87.03±5.90a 102.42±2.11a 45.91±3.63a 20.64±4.79 a 0.45±9.01a 2.21±0.11a 
2 Test control (MSG) 114.41±9.95b 174.18±16.20b 24.59±5.57b 54.98±11.39b 2.24±0.01b 7.08±0.30b 

3 
Test group (co-administration of MSG and L. 
 micranthus)  

92.71±3.82a 118.11±5.75a 42.09±5.19a 26.99±4.02a 0.64±0.03c 2.82±0.01a 

4 
Treatment with L. micranthus after MSG withdrawal 
from group 2 

96.41±4.27a 120.16±5.93a 41.27±5.15a 30.01±5.11 a 0.73±0.11c 2.91±0.10a 

5 Normal saline after withdrawal of MSG from group 2 113.88±8.70b 171.63±15.31b 25.45±5.59b 54.09±11.00b 2.43±0.02b 6.74±0.10b 
 

Values are mean± SEM of 7 determinations, All mean in the same column with similar superscripts are not significantly different from each other, Significant between the mean were 
established at p<0.05. 

 
 
 

Table 2. Effect of L. micranthus treatment on fasting blood glucose and total protein. 
 

Group Treatment Fasting blood glucose (mg/dl) Serum protein (mg/dl) 

1 Normal control (normal saline) 82.00±0.93a 9.89±0.48a 
2 Test control (MSG) 112.00±3.86b 24.55±2.80b 
3 Test group (co-administration of MSG and L. micranthus)  89.83±2.57a 11.13±0.88a 
4 Treatment with L. micranthus after MSG withdrawal from group 2 91.67±2.11ab 19.82±0.84c 
5 Normal saline after withdrawal of MSG from group 2 97.67±1.65b 25.46±3.00b 

 

Values are mean± SEM of 7 determinations. All mean in the same column with similar superscripts are not significantly different from each other. 
Significance between the mean were established at p<0.05. 

 
 
respectively) were not significantly different from 
the values obtained when MSG and L. micranthus 
were co-administered for 28 days (92.71±3.82, 
118.11±5.75, 42.09±5.19, 26.99±4.02 mg/dl 
respectively). When compared however, the 
serum lipid of rats that were allowed to recover by 
itself (without treatment after 28 days 
administration of MSG) were not different from the 
observed values prior to withdrawal of MSG. 
Table 1 also show a significant increase (p<0.05) 
in atherogenic and coronary risk indexes during 
MSG administration and when the rats were 

allowed to recover from MSG administration 
without treatment (when compared with the 
normal control values). However, combined 
administration of MSG and L. micranthus and 
treatment with L. micranthus after the initial 
administration of MSG brought the coronary risk 
index to the pre-treatment values. Although the 
atherogenic index values were raised above the 
normal control level both during combined 
administration of MSG and L. micranthus and 
when L. micranthus was administered after 
withdrawal of MSG, the observed AI were 

significantly lowered than the values observed 
when MSG was administered alone and was also 
higher than the value that was obtained during the 
self-recovery process. 
Administration of MSG significantly increased 
(p<0.05) the fasting blood glucose above the 
normal control value (Table 2). Thirty (30) days 
after withdrawal of MSG without subsequent 
treatment, the fasting blood glucose level was still 
observed to be significantly higher (p<0.05) than 
the normal control value. When MSG was 
however co-administered with L. micranthus, the 
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Table 3. Effect of treatment on body weight changes and relative organ weight ratio. 
 

Group Treatment Body weight (g) 
Organ weight (g) Organ/body weight ratio (%) 

Kidney Uterus Liver Kidney Uterus Liver 

1 Normal control (normal saline) 175.83±2.71a 1.22±0.05 4.81±0.35 0.33±0.02 0.73±0.02a 0.20±0.02a 2.90±0.62a 
2 Test control (MSG) 175.00±4.28a 1.32±0.02 4.90±0.26 0.43±0.04 0.88±0.06b 0.36±0.04b 3.51±0.30b 
3 Test group (co-administration of MSG and L. m-icranthus)  175.67±4.00a 1.27±0.10 4.84±0.55 0.35±0.02 0.76±0.05a 0.23±0.05a 2.93±0.19a 

4 
Treatment with L. micranthus after MSG withdrawal from 
group 2 

179.72±5.83a 1.29±0.11 4.82±0.41 0.40±0.02 0.76±0.02a 0.23±0.01a 2.98±0.34a 

5 Normal saline after withdrawal of MSG from group 2 174.17±6.38a 1.41±0.03 4.88±0.26 0.44±0.03 0.73±0.06a 0.52±0.02b 3.61±0.19b 
 

Values are mean± SEM of 7 determinations. All mean in the same column with similar superscripts are not significantly different from each other. Significance between the mean were 
established at p<0.05. 
 
 
 
observed fasting blood glucose level of 
89.83±2.57 mg/dl was neither different from the 
normal control value nor was it different from the 
fasting blood glucose level of 91.67±2.11 mg/dl 
observed when L. micranthus was administered 
continuously for 30 days after MSG withdrawal. 
Similarly, administration of MSG was observed in 
the study to increase the serum total protein 
significantly (p<0.05) above the normal control 
value. The observed serum protein concentration 
of 24.55±2.80 mg/dl after 28 days of MSG 
administration was not different from the value of 
25.46±3.00 mg/dl observed 30 days after 
withdrawal of MSG without treatment. Combined 
administration of MSG and L. micranthus 
significantly brought the serum protein con-
centration to the pre-treatment level. When L. 
micranthus was administered for 30 days after 
withdrawal of MSG, the serum protein concen-
tration was observed to be lower than the value 
obtained in the group of rats that were not treated 
though the observed value was still higher than 
the value in the normal control group. 

Table 3 is the result of the effect of treatment on 
percentage relative change in kidney, liver and 
uterus weights. Administration of MSG signifi-

cantly increased (p<0.05) the percentage relative 
weight of the uterus, kidney and liver above the 
normal control value. The same trend was 
maintained when the weights were monitored 30 
days after MSG withdrawal without treatment. The 
result however showed that combined 
administration of MSG and L. micranthus and 
treatment of the rats with L. micranthus for 30 
days after MSG withdrawal restored the relative 
organ weights to the pre-treatment level.  

Figures 1 to 5 is the result of the effect of 
treatment on the histology of endometrium of the 
uterus. The uterine histology of the control rats 
showed normal features: single layered columnar 
epithelial cell with elongated nuclei at the base of 
the cells, highly folded epithelial lining, numerous 
and tortuous endometrial glands (Figure 1). No 
significant alterations were also observed in the 
histology of all other treatment groups. 
 
 
DISCUSSION 
 
Iwase et al. (1998) and Suga et al. (1999) has 
reported that post-natal administration of MSG in 
rats induces insulin resistance, body weight gain, 

hyperleptinemia and serum glucose level 
alteration even though the exact mechanisms for 
these alterations were not clearly defined. In an 
effort to find out the exact mechanisms by which 
MSG predispose to tissue injuries, a study by 
Onyema et al. (2006) reported that MSG is 
capable of inducing oxidative stress which leads 
to hepatotoxicity in rats. Another study with obese 
mice also reported that MSG may impair insulin 
secretion by pancreatic islets (Andreazzi et al., 
2009).  
The report from our study confirmed that MSG is 
capable of causing metabolic alterations in rats. In 
line with previous study, our study has 
demonstrated that oral administration of MSG in 
rats could cause metabolic abnormalities in lipid 
metabolism which is indicated by marked 
elevation serum total cholesterol, triglyceride and 
LDL-cholesterol (hyperlipidemia) with concomitant 
decrease in plasma HDL-cholesterol level. These 
observations are in agreement with previous 
reports by some other authors (Obochi et al., 
2009; Pal, 2009; Ogunlabi et al., 2014). This 
alteration in plasma lipid profile was also reflected 
in increased atherogenic and coronary risk 
indices. This is in agreement with report by
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tions which attenuates insulin receptor signal and inhibits 
cellular uptake of triglyceride from blood stream (Chen et 
al., 2003). This may be the basis for the observed 
increased plasma triglyceride levels in MSG animals 
reported in this study. 

MSG was also observed in this study to increase the 
level of total protein. Elevated total protein and 
cholesterol among some other alterations has been 
implicated in the induction of fibroid in rats (Obochi et al., 
2009). The effect of MSG on protein alteration has been 
attributed to the activation of transcriptional promoter and 
enhancer elements used for the control of gene 
expression which promoted the ability of RNA poly-
merase to recognize the nucleotide at the initiation stage 
thereby increasing protein synthesis (Obochi et al., 
2009). Our report also shows the efficacy of L. 
micranthus extract to reverse these alterations. 

Organ weights are widely accepted in the evaluation of 
test article-associated toxicities (Black, 2002; Bucci, 
2002; Woolley, 2004). In toxicological experiments, 
comparison of organ weights between treated and 
untreated groups of animals have conventionally been 
used to evaluate the toxic effect of the test article and its 
changes often precede morphological changes. Data 
from our study indicates that oral administration of MSG 
predispose to increased relative organ weight of the 
tissues investigated. This result corroborates previous 
report by Manal and Nawal (2012) where treatment with 
MSG was reported to lead to increased liver and kidney 
relative weight. L. micranthus was also observed in this 
study to be able to restore the relative organ weight in the 
treated rats to the normal level. When the histopathology 
of the uterus was however compared, these variations in 
relative organ weight were not seen to be accompanied 
with gross morphological changes. 
 
 
Conclusion 
 
In conclusion, MSG was seen to have predisposed to 
serious biochemical alterations and that both 
pretreatment with L. micranthus and administration of L. 
micranthus subsequent to MSG withdrawal successfully 
improves these parameters and ameliorates the 
metabolic alterations caused by MSG administration. 
Furthermore, L. micranthus administration is reported in 
this study to normalize the MSG induced weight changes 
in the liver, kidney and uterus of rats. 
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