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Abstract
The current study evaluated the protective effect of Costus root extract against the hematology,
biochemistry, histopathology and ultra-structure changes induced in rat liver due to the sub chronic
exposure with melamine. In recent years manufacturers adding melamine (MA) to milk to increase its
protein content but this led to toxic effects on many organs such as kidneys, liver, brain, etc. in
experimental animals. Recent studies have proved that Costus root extract has a hepatoprotective role
and has many health-related bene�ts showed against various toxins related to oxidative stress. Eighty
adult albino rats (200–250 gm) were further allocated into 04 equal sets; set 01 exposed with distilled
water orally, set 02 exposed with costus plant extract (0.4 mg/ kg) orally, set 03 exposed with MA
(50mg/kg b.wt/day), and set 04 exposed with MA (50 mg/kg b.wt/day) plus costus plant extract (0.4 mg/
kg) orally for the period of two months. The experimental rats were exposed to general anesthesia before
the sacri�ce and the sample of blood and liver were collected. The samples were further prepared for
histopathological and ultrastructural examinations. The results revealed that MA treatment (set 03)
caused hematological, biochemical, histopathological, and ultrastructural alterations. Co-administration
of Costus root extract with MA ameliorated most of the toxic effects of melamine (set 04). The results
demonstrated that Costus root extract exhibited a protective effect by decreasing the toxic pathological
changes caused by MA in the liver of albino rats.

1. Introduction
The liver is one of the important organs responsible for the metabolic and excretion based activities of
the human body. It implements a most important function in a remove toxic substances and xenobiotics.
Recently liver diseases were considered as most common cause of mortality and morbidity over the world
mainly due to dysfunction in removing of toxic chemicals (AlSaadi et al. 2018). Melamine (MA) is an
organic compound known for the synthesis from a nitrogen based compound regarded as urea. Urea
contains 66% of nitrogen, during the synthesis of melamine obtained cyanic acid. In industry
combination of melamine with formaldehyde gave melamine resin that used in durable thermosetting
plastic, �ame retardants, cloths, adhesive substances, dry erase boards, and housewares(Chain et al.
2010). Yellow pigment which is used as a dye, in plastics and inks is produced from MA. Arsenic drugs
are used for the treatment of African trypanosomiasis contained also derivatives of MA (Hau et al. 2009).
In recent years, last researchers found that ingestion of MA-tainted food caused large number of
accidental deaths of domestic animals (Dorne et al. 2013, Rumbeiha &Morrison 2011). In addition to that
they noted that many cases consumption of MA-contaminated infant formula in various countries lead to
MA poisoning they also concluded that effects of MA consumption might lead to toxicity to reproductive
systems, kidney in�ammation, cancer bladder, nerve destruction also researchers found those children
who ingested powdered infant formula contaminated with MA- showed symptoms of immune-
compromised disorders additionally MA-cyanurate caused aggregation and erythrocyte deformation
(Dobson et al. 2008, Ogaly et al. 2015, Ogasawara et al. 1995, Organization 2009, Wang et al. 2010, Yin et
al. 2016, Yin et al. 2014, Yin et al. 2013, Zhou et al. 2010). It was also reported that the MA administered
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at a dose of 50 mg/kg/day for further consecutive days caused cytotoxic effects on lymphocytes of
spleen (Yin et al. 2014). Herbal Plant extracts had been showed recently a natural protective agent
against various toxins (Organji et al. 2015).

The Costus specious is an Indian medicinal plant related to family Coastaceae (Zingiberaceae), usually
used in the treatment of different diseases (Lijuan et al. 2011). Several studies reported that different
extracts of plant that possesses antioxidant potential which prevent against MA hepatotoxicity. It
promotes the antioxidant activity of enzyme and suppressed the peroxidation of lipid.

The Costaceae (Zingiberaceae) family comprises into 52 genera and about 1,300 species presented in
many countries like Asia, tropical Africa, and America (Lijuan et al. 2011). Costus specious has many
classical uses like expectorant, tonic, purgative, astringent, stimulant, and anthelmintic (Gupta 2010).
Roots of Costus specious have hepatoprotective action, anti-fungal, antibacterial, antioxidant, analgesic,
anti-in�ammatory, anti-hyperglycemic, antipyretic and anti-hyperlipidemia (Bavarva &Narasimhacharya
2008, Bhuyan &Zaman 2008, Ibrahim et al. 2019, Srivastava et al. 2013).

2. Materials And Methods

2.1. Costus extraction:
Preparation of Costus extract by the addition of 10 grams of powdered roots of Costus in 100 ml of
boiled water for 3 to 5 minutes. Covered the decoction and kept at temperature less than 25°C (Sanna et
al. 2012), then extract was given to rats by gastric tube.

2.2. Melamine preparation:
Melamine was obtained from commercial source (Sigma-Aldrich M2659). Melamine was diluted in
distilled water for the preparation of working stock concentrations, which further used for the
conductance of the experiment (Salem et al. 2018).

2.3. Experimental Animals:
The present study was done by preparing 80 adult, young and healthy albino rats belong from both
sexes. The average body mass of the rats in the range of 220 to 250 grams, were obtained from Medical
Research of the Taif University.

2.4. Animal groups:
These experimental rats were further divided into 04 equal sets:

Set 01 obtained normal distilled water orally,

Set 02 obtained treatment with costus plant extract (0.4 mg/ kg) orally (Sanna et al. 2012).

Set 03 obtained MA (50 mg/ kg body weight/ day), (Salem et al. 2018).
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Set 04 obtained MA (50 mg/ kg body weight / day) along with costus extract (0.4 mg/ kg) orally for time
period 2 months.

Experimental animals were sacri�ced under general anesthesia then blood and liver were sampled and
prepared for histopathology and ultra-structural examinations. All samples stained for histological and
ultra-structural sections were carried out in laboratories of Taif University. All the experimental animal
trials were proceeding as per the international laws and policies under the Ethics of Committee of Animal
Experiments. The rats were kept in the room for �fteen days to adapt to the above-mentioned conditions
and supplied with standard diet and water.

2.5. Blood samples:
After twenty-four hours of the end of the experimental period, the animals were rapidly decapitated after
anesthetized Collection of blood then divided into two samples. The �rst sample collected in (EDTA) tube
(heparinized tube) for the examination of hematological characteristics, and the second sample was let
for clotting at 37°C. The sample was further centrifuged in order to collection of serum at the speed of
3000 rpm for 15 minutes. Serum was further pooled and kept at -20°C. Evaluate the activities of
transaminase alanine amino transferase (ALT) and aspartate amino transferase (AST), alkaline
phosphatase, total protein, albumin and total bilirubin from serum.

2.6. Tissue sample:
Small slices of liver rates were washed with normal saline after excision then divided into three sets, the
�rst set was used for histological examination the second set was kept at -80°C and used for assessment
antioxidant enzyme activity and oxidative stress the last set was processed for ultra-structure studies

2.7. Hematological studies:
Determination of blood cells by using heparinized blood sample collected in EDTA tubes, quantify red
blood cells (RBCs), quantify white blood cells (WBCs), and the amount of hemoglobin (Hb%). Differential
count was also performed for polymorph cells and lymphocytes cells with an Animal Blood Counter
known as ABC vet.

2.8. Bio-chemical Characterization
Liver biomarker analysis

Evaluate measurement of alanine amino transferase (ALT) and aspartate amino transferase (AST) and
these were estimated according to the method described in (Schumann &Klauke 2003). It was estimated
by using reagent kits obtained from “Human Diagnostics” (Germany). The Serum albumin was estimated
by using a commercial kit and was assayed as per method in (Schmidt &Eisenburg 1975).

2.9. Liver samples
Determination of oxidative stress of enzyme and antioxidant enzyme activity
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Determination of catalase enzyme (CAT) and glutathione (GSH), content of malondialdehyde (MDA) and
superoxide dismutase (SOD) (Bergmeyer et al. 1983, Ellman 1959, Kumar et al. 2012, Ohkawa et al.
1979).

2.10. Histological studies:
Light microscopy:

The liver tissue was stationary in buffered formalin solution (10%) for 24 hour for histological studies. It
was further embedded in para�n wax which has 5 mm thickness. The sections were stained with
hematoxylin and eosin for histopathology (Bancroft &Gamble 2008).

2.11. Electron microscopy:

The liver samples were tearing into small fragments of 1 mm thickness. It was further static in phosphate
buffer (pH 7.2) solution for the period of 3 hour at 4°C for electron microscopy. It was further suspended
in epon-araldite solution. It was in the form of beam capsules which was labeled. The section of 50 n.m
thickness were taken and considered as ultra-thick sections. These were further placed on copper-mesh
gridirons, stained using uranyl acetate solution for 30 minutes. The sample was further exposed to lead
citrate for 30 minutes (Bancroft &Gamble 2008).

2.12. Statistical analyses

All expressed data were statistically analyzed as the mean ± standard deviation (SD). Signi�cance is
given as *=p < 0.05, **= p < 0.01., using a one-way analysis of variance test. Further comparisons among
groups were conducted according to Tukey’s post hoc test using the Statistical Package for the Social
Sciences (SPSS) version 18.

3. Results

3.1. Hematological �ndings:
Data in Table 1of rats of set 03 revealed signi�cant decrease in RBC count, Hemoglobin level, total WBC
count and lymphocyte but neutrophils and monocytes were signi�cantly elevated in comparison to sets
01 and 02, on the contrary rats in set 04 showed signi�cant increase in RBC count, hemoglobin level, total
WBC count and lymphocyte, neutrophils and monocytes were signi�cantly decreased in comparison to
set 03.
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Table 1
The Effect of MA with or without Costus extract on blood counts of rat

Parameters Set 01 (control) Set 02 (Costus) Set 03 (MA) Set 04 (Costus + MA)

RBCS (x 106/µL) 6.01 ± 0.81 6.05 ± 0.73 3.97 ± 0.82* 6.08 ± 0.21**

Hb (g/dl) 12.01 ± 0.03 11.92 ± 0.03 8.81 ± 0.72* 11.09 ± 0.05**

HCT (%) 51.01 ± 0.24 49.98 ± 0.26 42.31 ± 0.33* 52.02 ± 0.49**

WBCS (x103/ ul) 5.12 ± 0.38 5.18 ± 0.23 3.77 ± 0.37* 5.02 ± 0.30**

Lymphocytes (%) 32.14 ± 0.61 33.20 ± 0.51 26.44 ± 0.69* 32.32 ± 0.56**

Eosinophils (%) 0.02 ± 0.02 0.01 ± 0.01 0.03 ± 0.01 0.03 ± 0.02

Basophils (%) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Neutrophils (%) 51.96 ± 0.53 52.05 ± 0.51 62.41 ± 0.79* 53.97 ± 0.44**

Monocytes (%) 3.31 ± 0.21 3.43 ± 0.21 8.53 ± 0.23* .31 ± 0.35**

Number (n) of participants per group = 20, SD = standard deviation, Set 01 (control) obtained equal
amount of distilled water/day for 2 months, Set 02 will be obtained 1.5% w/v Costus plant extract
(0.4mg/ kg) by mouth for the duration of two months, Set 03 obtained MA (50mg/kg body weight
/day) for the period of two months, Set 04 obtained MA (50mg/kg body weight /day) plus Costus
plant extract (0.4mg/ kg) by mouth for 2 months. * = p < 0.05, ** = p < 0.01.

3.2. Liver biomarkers:
Data in Table 2 of rats of Set 03 revealed signi�cant increase in the level of AST, ALT and TSB in serum
levels of while signi�cant reduction in serum albumin as compared with Set 01 and 02, on the contrary
rats in Set 04 showed signi�cant reduction in the level of AST, ALT and TSB in serum. It was also
observed that signi�cant increase in serum albumin than Set 03.

Table.2: Effect of melamine used alone or with Costus extract on Mean + SD of liver functions of rat.

Parameters Set 01 (control) Set 02 (Costus) Set 03 (MA) Set 04 (Costus+ MA)

AST (U /L) 53.85±0.66 54.14±0.66 75.01 ± 0.21 * 53.01±0.17**

ALT (U /L) 91.14±0.76  91.04±0.76  144.92 ± 0.82 * 92.01±0.04**

TSB (mg /dl) 1.12±0.01  1.13±0.01  2.91 ± 0.01 * 1.07±0.01 **

Albumin (mg /dl) 5.03±0.01  5.09±0.01  2.34 ± 0.02 * 5.83±0.01 **

Number (n) per group = 20, SD = standard deviation, Set. 01 (control) obtained equal volume of distilled
water/day for 2 months, Set. 02 will be obtained 1.5 % w/v Costus plant extract (0.4mg/ kg) by mouth for
2 months, Set. 03 obtained MA (50mg/kg body weight /day) for 2 months, Set 04 obtained MA (50mg/kg
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body weight /day) plus Costus plant extract (0.4mg/ kg) by mouth for the duration of two months. * = p <
0.05, ** = p < 0.01. 

3.3. Antioxidants-Lipid peroxidation:
Data in Table 3 revealed that rats of set 03 showed signi�cant reduction in the level of enzyme including
SOD, CAT and GSH. It was observed that signi�cant enhance in MDA level as compared to sets 01 and
02. Meanwhile, rats in set 04 showed major intensi�cation in SOD, CAT and GSH levels while signi�cant
decrease in the level of MDA was observed in set 03.

Table.3: Effect of melamine used alone or with Costus extract on Mean + SD on hepatic antioxidant
enzymes in rats.

Parameters  Set 01 (control) Set 02 (Costus) Set 03 (MA) Set 04 (Costus + MA)

SOD 6.04±0.23 6.09±0.23 3.03 ± 0.76* 6.01±0.01**

CAT 10.08±0.16 10.02±0.16 6.02 ± 0.91* 10.09±0.09**

GSH 60.32±0.44 60.67±0.44 30.07±0.06* 60.01 ± 0.34**

MDA 40.08±0.12 40.87±0.12 50.01±0.44* 40.02±0.14**

Number (n) per group = 20, SD = standard deviation, Set 01 (control) obtained equal volume of distilled
water/day for 2 months, Set 02 will be obtained 1.5 % w/v Costus plant extract (0.4mg/ kg) by mouth for
two months, Set 03 obtained MA (50mg/kg body weight /day) for 2 months, Set 04 obtained MA
(50mg/kg body weight /day) plus Costus plant extract (0.4mg/ kg) by mouth for the duration of two
months. Glutasthione, SOD: Super Oxide, Dismutase, CAT: CAT alase and MDA: Malondialdehyde. * = p <
0.05, ** = p < 0.01.

3.4. Observation under Light microscopic:
Rats Liver tissue in Set 01 and 02 exhibited normal histological structures of hepatocytes comprised
large spherical nucleus with marked nucleolus. Cells were arranged into hepatic cords known as blood
sinusoids were lined by Kupffer cells. (Fig. 1).

The liver tissue of rats of Set 03 after administration of MA showed congested blood vessels, increased
vacuolar degeneration all over cytoplasm of hepatocytes with dilation of the blood sinusoids and
increased in number of Kupffer cells. In a few areas of liver tissue showed necrotic changes in the
hepatocytes as small and pycknotic cellular nucleus with condensed chromatin, and reduction of
nucleolus. (Fig. 2). Liver of rats treated with Costus extract in combination with MA (Set 04) showed
marked recovery and restoration to almost normal hepatic tissues (Fig. 3).

3.5. Transmission electro microscopic observations:
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The hepatocytes of rats of Set 01 and 02 showed normal ultra-structure as normal euchromatic nucleus
and nucleolus with normal cell organelles as normal Golgi bodies, numerous endoplasmic reticulum and
numerous mitochondria (Fig. 4).

The hepatocytes of rats of Set 03 after administration of MA alone, the transmission electron
microscopic observation of hepatocytes showed marked destruction of cell organelles as nuclear
membranes, decrease sized nucleolus, destruction and aggregations of mitochondria and rough
endoplasmic reticulum with increase in cytoplasmic vacuoles (Fig. 5).

The hepatocytes of rats of set 04 which were exposed to MA in combination with Costus extract showed
marked recovery and restoration (Fig. 6).

4. Discussion
Hematopoietic system is a sensitive system to evaluate the hazardous effects of poisons in humans and
animals (Liju et al. 2013). As regard hematological �ndings the present study revealed that data in Table
1 found that rats of set 03 treated with MA had signi�cant decrease in RBC count, hemoglobin level, total
WBC count and lymphocyte meanwhile neutrophils and monocytes were signi�cantly elevated in
comparison to with Set 01 and 02. These results were in agreement with those reported by (Salem et al.
2018) who reported that MA caused signi�cant decrease in RBC count, hemoglobin level, total WBC count
and lymphocyte but signi�cantly elevation in neutrophils and monocytes as compared to control. The
results were in agreement with results of other researchers like (Abd-Elhakim et al. 2016) who reported
that MA caused signi�cantly decrease in mean values for RBCs, Hb and MCHC of mice treated with MA
as compared to those in the control mice they also added that reduction in the number of peripheral
blood lymphocytes in mice treated with MA might be due to the toxic effect of MA on lymphoid organs.
Our results were also in agreement with the �ndings of Haddad (El Rabey et al. 2013) who reported that
MA caused a decrease in RBC, Hb and MCHC counts meanwhile a decrease in leukocytes and increase in
neutrophils and lymphocytes.

Costus extract also induced enhance in the level of erythrocytes. It could be because of enhancing rate of
erythropoiesis. It was revealed that co-administration of Costus extract with MA ameliorated the toxic
effects of MA on rat hematology and blood biochemistry, our results were consistent with the �ndings of
(El-Far et al. 2018) who reported that Costus improved the hematological and biochemical alterations.

As regard the liver function, our study revealed that as shown in table 2, the rats of set 03 treated with MA
revealed signi�cant improvement in the amount of enzymes including ALT, AST, TSB. It was also
observed the reduction in the level of albumin in serum as compared with set 01 and 02. The elevation
within the serum liver enzymes indicates as a necrotic lesion within the liver cells. It was also observed
that the decrease in albumen level. It indicated that there was decrease in synthesis and excretory
activities performed by the liver cells. The results were in agreement with biochemical and
histopathological �ndings also parallel with the results of (Chain et al. 2010) suggested that MA
increased levels of enzyme including ALT, AST, TSB. The reduction in albumin amount of serum as
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compare with control group with the agreement of results reported (Tolba &Salama 2016). Also, results
were in agreement with results of (Liju et al. 2013) who reported that MA toxicity caused signi�cant
increase in the levels of AST, ALT, and ALP as compared to control group. The current study suggested
that the signi�cant reduction in serum albumin, these results were parallel with the results of (El Rabey et
al. 2013, Tolba &Salama 2016). It was reported that there was reduction in total serum protein and
albumin in male rats. The supplementation was MA in the diet of male rats for the period of 28 days. The
results were in agreement with other results of (Chen et al. 2009) who reported that reduction in albumin
levels in the pet which given MA in contaminated food. Oral administration of Costus extract with MA
caused reduction in the toxicity in serum including AST & ALT enzymes than controlled rats. These results
were in agreement with other (El-Far et al. 2018, Nancy et al. 2019). As regard the antioxidants and lipid
peroxidation Data showed in table 3, revealed that MA caused in the liver tissue of rats of Set 03. There
was an increase in MDA activity. While decrease in amount of SOD, CAT activities and GSH level when
compared with the Set 01 and 02. These results were in agreement with results of (Bhuyan &Zaman
2008) who reported that MA responsible for the increase in MDA. While also responsible for decrease in
SOD, CAT activities and GSH level was observed as compared with the Set 01 and 02 also parallel with
the results of (Adaramoye et al. 2008) who reported that high dose of melamine formaldehyde caused a
highly signi�cant elevation in the content of MDA while decreasing (CAT) activity by 77.4%. It was
compared with the control animals. The oral administration of Costus plus MA caused reduction of MDA
and elevate SOD, CAT and GSH level in liver tissue of rats compared to Set 01 and 02, these results were
parallel with results of the (El-Far et al. 2018, Nancy et al. 2019). As regard histopathological changes, the
current study suggested that hepatic tissues of rats treated with MA (Set 03) showed numerous
degenerative changes of hepatocytes in the form of cells were enlarged. The cells were light and foam
like in appearance. The cytoplasm was occupied with multiple spaces known as vacuole. Dilation of
blood vessels also induced necrosis in some liver cell with small and psychotic nuclei and condensed
chromatin. The results were in agreement with (El Rabey et al. 2013) who reported that MA caused
necrotic changes, degeneration of hepatic tissues, massive in�ltration of the lymphocytes and huge fatty
changes. In addition to that (Adaramoye et al. 2008) con�rmed that histological examination of the liver
of rats treated with MA showed many degenerative changes including cytoplasmic vacuolization of the
hepatocytes. Also, the results were in agreement with (Chain et al. 2010) who sugested that the liver of
rats treated with melamine showed, necrosis. Our results indicated ultra-structural damages of
hepatocytes treated by MA as the swelling of mitochondria, condensation of chromatin, and degeneration
of organelles responsible for synthesis of protein in the cells as rough endoplasmic reticulum,
disintegrated of cell membranes and increased number of lysosomes these were lead to increase intra
cellular vacuole's cytoplasm of hepatocytes at the last cell ,these ultra-structures alteration in the liver
after administration of melanin has been reported by (Salem et al. 2018) who reported that that MA
treatment caused severe degenerative changes in histopathological and ultra-structural structures. On the
contrary the pre-treatment with Costus extract had a valuable role in the MA-induce prior variations
through antioxidant activities. It has also reported for its ability to scavenge free radicals.

Conclusion
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The �ndings in this study indicate that Costus extract shows a protective effect by decreasing the
histopathological changes caused by MA in the liver of albino rats.
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Figures

Figure 1

Light photomicrograph image of control rat’s liver. It showed the hepatocytes (h) are hexagonal in shape
with rounded nucleus (N) some cells containing double nuclei (n), cells were organized in the form of
hepatic cords run in central vein (CV). Cells separated from nearby blood sinusoids (S) that contain
Kupffer cells (k). The magni�cation was (H&E x 400).

Figure 2

Light photomicrograph image of rat’s liver. The micrograph was taken after 8th week of exposure with
MA expressed shrunken hepatocyte (h) with vacuolated cytoplasm (v), widening of blood sinusoids (S)
and the central vein (CV). Notice there are degenerated areas (d) containing pyknotic nuclei (p) The
magni�cation was (H&E x 400).
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Figure 3

Light photomicrograph of rat’s liver. The photograph was taken after the 8th week of exposure with
Costus extract in combination with melamine. The hepatocytes appeared nearly normal (h) arranged near
central vein (CV), decrease widening of blood sinusoid (S) containing Kupffer cells (k). The magni�cation
was (H&E x 400).

Figure 4

Transmission electron micrograph (TEM) of control rat’s liver. The image showed euchromatic nucleus
(N), nucleolus (n), Golgi bodies (G), rough endoplasmic reticulum (rRE), numerous mitochondria (M).
(TEM mag. = 8000X).
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Figure 5

Electron micrographs hepatocytes of rats treated with melamine for 8 weeks showing destruction of cell
membrane of liver cell with decreased size of its nucleus (N) and less prominent nucleolus (n), swollen
and vacuolated mitochondria (M), large fat droplets (f), many cytoplasmic vacuoles (V), swollen in rough
endoplasmic reticulum (rRE) and degenerated Golgi apparatus (G) and some degenerated hepatocytes
(D). (TEM mag. = 10000X).

Figure 6

Transmission Electron micrograph (TEM) of rat’s liver. It exposed with Costus extract in combination with
melamine for 8 weeks. The micrograph showed N stands for euchromatic nucleus, n stands for
prominent nucleolus, G stands for Golgi bodies, rRE stands for rough endoplasmic reticulum, M stands
for numerous mitochondria. (TEM mag. = 8000X).


