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Abstract
 Background and Aim: The major conjugated linoleic acid (CLA) isomers have anticancer effect, especially breast cancer 
cells, inhibits cell growth and induces cell death. Also, CLA has several health benefits in vivo, including antiatherogenesis, 
antiobesity, and modulation of immune function. The present study aimed to assess the safety and anticancer effects of milk 
fat CLA against in vivo Ehrlich ascites carcinoma (EAC) in female Swiss albino mice. This was based on acute toxicity 
study, detection of the tumor growth, life span of EAC bearing hosts, and simultaneous alterations in the hematological, 
biochemical, and histopathological profiles.

Materials and Methods: One hundred and fifty adult female mice were equally divided into five groups. Groups (1-2) 
were normal controls, and Groups (3-5) were tumor transplanted mice (TTM) inoculated intraperitoneally with EAC cells 
(2×106/0.2 mL). Group (3) was (TTM positive control). Group (4) TTM fed orally on balanced diet supplemented with 
milk fat CLA (40 mg CLA/kg body weight). Group (5) TTM fed orally on balanced diet supplemented with the same 
level of CLA 28 days before tumor cells inoculation. Blood samples and specimens from liver and kidney were collected 
from each group. The effect of milk fat CLA on the growth of tumor, life span of TTM, and simultaneous alterations in the 
hematological, biochemical, and histopathological profiles were examined.

Results: For CLA treated TTM, significant decrease in tumor weight, ascetic volume, viable Ehrlich cells accompanied 
with increase in life span were observed. Hematological and biochemical profiles reverted to more or less normal levels and 
histopathology showed minimal effects.

Conclusion: The present study proved the safety and anticancer efficiency of milk fat CLA and provides a scientific basis 
for its medicinal use as anticancer attributable to the additive or synergistic effects of its isomers.

Keywords: anticancer activity, conjugated linoleic acid, Ehrlich ascites carcinoma, % increase in life span, mean survival 
time, tumor transplanted mice.

Introduction

Cancer is a category of malignant illnesses that 
are caused by rapid and uncontrolled formation of 
abnormal cells which may lump forming tumor or 
proliferate and imitate abnormal growth at other sites 
in the body [1]. It is a devastating disease with tremen-
dous negative implications for the personal, health-
care economics, and social levels [2]. Statistically, 
it is the second major cause of human death after 

cardiovascular diseases worldwide and is responsi-
ble for the deaths of 9.6 million person in 2018 [3]. 
About 14.1 million cancer cases were diagnosed all 
over the world in 2012; of these, 52.5% were in men 
and 47.5% in women, and will rise up to 21.7 mil-
lion by 2030 [4]. It causes about 13% of all human 
deaths and according to the American Cancer Society 
around 7.6 million people die every year from cancer 
[5]. Several methods are used for the treatment of can-
cer, such as chemotherapy, radiotherapy, and surgery, 
the chemotherapy is now considered as an efficient 
method for treatment. Success of cancer chemother-
apy is limited by drugs that have hepatotoxic, neph-
rotoxic, cardiotoxic, myelosuppressive, multidrug 
resistance, and other side effects [6] and have become 
serious medical problems [7]. Recent strategies for 
cancer prevention depend on the modification of 
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lifestyle such as diet, some dietary elements such as 
conjugated linoleic acid (CLA) can minimize the can-
cer risk [8]. Therefore, many extensive studies have 
been devoted recently to search for natural preventive 
and therapeutic approaches with antitumor, antioxi-
dant, and anti-inflammatory potential can treat vari-
ous kinds of diseases with less side effects [9]. Milk 
and its products are considered as important sources 
of energy and bioactive substances positively associ-
ated with human health [10].

Tumor cell line, Ehrlich ascites carcinoma 
(EAC); is an undifferentiated carcinoma, not have 
a tumor-specific transplantation antigen, of 100% 
malignancy, highly transplantable, very rapid prolif-
erative, and shorter lifespan [11]. It is mostly used to 
assess the anticancer activity of different agents [12]. 
This cell line is more sensitive to chemotherapy and 
used in determining whether the tumor is respond-
ing to therapy or not and has similarity with human 
tumors due to its undifferentiation and rapid growth 
rate nature [13].

More than 28 different geometrical and posi-
tional isomers of linoleic acid conjugated with a dou-
ble bond system are defined as CLA. Many biological 
impacts of CLA until now are imputed to two major 
isomers, namely, cis-9 (c9), trans-11 (t11) and trans-
10 (t10), cis-12 (c12) constitute about 90% and 10% 
of the total CLA isomers. These isomers are synthe-
sized through a biohydrogenation process by the rumi-
nal bacteria in ruminants, or through bioconversion in 
mammary gland [14]. The isomers of CLA are active 
biological molecules, have protective effects against 
several diseases include atherosclerosis, obesity, oste-
oporosis, diabetes, cancer, and certain chronic inflam-
matory afflictions [15]. Anti-carcinogenic effects have 
been observed in all cancer types, with doses varying 
between 55 mg and 3.5 g CLA/day [16]. Milk and its 
products represent main source of CLA in the human 
diet, with nearly 70% of the daily requirement, and 
an average intake of 650 mg/day. That intake value is 
insufficient for achieving beneficial effects on human 
health. Various technological alternatives in the field 
of food technology are exploring ways to produce milk 
and dairy product rich in CLA [17]. Several studies on 
human nutrition recorded that daily safe requirement 
of CLA ranged between 3 and 6 g, although some 
researches mentioned that administration more than 
3.4 g CLA/day has no beneficial action [18].

Loss of endogenous estrogen production after 
menopause increases the risk of osteoporosis, car-
diovascular diseases, and obesity [19]. Estrogen sur-
rogate therapy effectively reduces and/or prevents 
these health issues in postmenopausal women [20]. 
At the same time, exogenous estrogen administra-
tion increases the risk of endometrial hyperplasia and 
breast cancer [21], so there is great interest in natural 
alternatives to estrogen therapy to avoid postmeno-
pausal hazard on women’s health. In postmenopausal 
women, CLA can inhibit the estrogen receptor (ER) 

signaling in human endometrial and breast cancer 
cells [22], acting as an estrogen antagonist through 
the inhibition of ER alpha (ERα)-mediated responses. 
Bocca et al. [23] reported the strong anticancer action 
of CLA through the ER signaling inhibition. Amaru 
et al. [24] concluded that CLA effectively reduces 
breast cancer risk by inhibiting breast tumor initiation, 
promotion, and progression. Concerning colorec-
tal cancer, CLA intake succeeded in achieving 30% 
reduction and showed significant role in preventing 
testicular cancer [25]. 

From this viewpoint, this study was performed 
to assess the efficacy of milk fat rich in CLA on mod-
ulating cancer induced by Ehrlich cells in female 
Swiss albino mice to enhance a natural tumor ther-
apy. To achieve this goal, several parameters include 
cell growth inhibition, volume of the ascetic fluid, and 
mean survival time (MST) of tumor transplanted mice 
(TTM); in addition, restoration of the hematological, 
biochemical, and histopathological alterations was 
studied.
Materials and Methods
Ethical approval

This study protocol was approved by the 
Institutional Animal Care and Use Committee, 
the Ethics Committee of the Faculty of Veterinary 
Medicine, Cairo University, Giza, Egypt (Approval 
No. VetCU10102019088).
Study period and location

This study was conducted from September 
2019 to March 2020 at the Laboratory of Faculty 
of Agriculture and Veterinary Medicine, Cairo 
University, Egypt.
Milk fat rich in CLA

The milk fat rich in CLA was produced from 
Holstein-Friesian Cows fed on diet contained pro-
tected fat, high in unsaturated fatty acids. The CLA 
percentage of the produced milk fat was 2% of the 
fatty acids, while the percentage of CLA in normal 
cow milk fat ranged between 0.3% and 0.4%. The 
cow milk fat rich in CLA was supplemented to the 
normal balanced diet of mice (10% w/w) and used in 
feeding the experimental female mice orally at a level 
of 50  mg (containing 1 mg CLA) per mice, 40 mg 
CLA/kg body weight (BW), daily.
Experimental animals

One hundred and fifty adult female Swiss albino 
mice (23-25 g) from the Laboratory Animal Farm in 
Helwan, Egypt, were housed in plastic mesh cages 
under strict standard hygienic measures. Female mice 
selected for this study because EAC is grown and 
divided in female peritoneal mice and not in male, 
due this tumor is working on female hormones. The 
mice were adapted to the laboratory circumstance, 28 
days before the experiment onset. The mice were fed 
on a balanced ration with a good source of water ad 
libitum, during the acclimatization and experimental 
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periods and were exposed to 12 h of light/ dark cycle 
during the study.
Acute toxicity study

The acute oral toxicity investigation of the milk 
fat enriched CLA was performed in six adult female 
Swiss albino mice, two mice per treatment dose, at 
three increasing oral doses 50, 100, and 200 mg of 
the tested milk fat rich in CLA equivalent 40, 80, and 
160  mg CLA/kg BW, respectively. Following treat-
ment, the mice were observed for 48 h for any mortal-
ity or behavioral changes [26]. Adding different con-
centrations of milk fat to ration did not produce any 
mortality in any of the tested dose levels, this encour-
aged us to perform further assessments using the dose 
level of 50 mg milk fat (40 mg CLA/kg BW).
Ascitic tumor induction

The tumor cell line, EAC, was kindly obtained 
from the National Cancer Institute, Cairo, Egypt, 
and propagated intraperitonially (i/p) in Swiss albino 
mice  [27]. Viable tumor cells were detected using 
Trypan blue stain and counted by hemocytometer. 
The ascitic fluid was diluted in normal saline to obtain 
tumor cell suspension of 10×106 cells/mL. From this 
stock suspension, 0.2 mL (2×106 cells/mice) was inoc-
ulated i/p to induce ascitic tumor.
Experimental design

One hundred and fifty adult female Swiss albino 
mice, about 25 g each, were equally divided into five 
groups for anticancer activity evaluations. Group 1 (G1) 
was kept as normal control; feed on normal balanced 
ration without tumor cell induction. Group 2 (G2) feed 
on normal balanced ration supplemented with 50 mg 
milk fat, 1 mg CLA/mice, (40  mg CLA/kg BW) by 
oral route daily without tumor cell inoculation. Group 
3 (G3) was positive TTM, inoculated i/p by EAC 
cells (2×106 cells/mouse) and fed on normal balanced 
ration. Group 4 (G4) was inoculated (i/p) by EAC 
cells (2×106 cells/mouse), after 24 h of inoculation, 
the mice were treated with 50 mg milk fat, contained 
1 mg CLA/mice (40 mg CLA/kg BW) by oral route 
daily. Group 5 (G5) was inoculated (i/p) by EAC cells 
(2×106 cells/mouse), fed with 50 mg milk fat, 1 mg 
CLA/mice, (40 mg CLA/kg BW) by oral route daily, 
28 days pre inoculation. The oral administration of the 
treatments was done in the form of paste, representing 
10% of the normal mice ration, daily. After 16 days of 
tumor induction, ten mice of each group were fasted 
for 18 h, then anesthetized with diethyl ether and sacri-
ficed. The ascitic fluid was collected and tumor growth 
was assessed. Percent of tumor growth inhibition was 
calculated by comparing the tumor cells count in the 
ascitic fluid of treated groups and the TTM positive 
control group (G3). Tumor cell growth in peritoneal 
fluids of the normal control group (G1) was taken as 
100% cell growth to assess the anticancer action of the 
milk fat CLA.

For histopathological examination, liver and kid-
neys were harvested. The twenty remaining mice were 

used for estimating the MST and percent increase in 
life span (% ILS). BW of mice, ascitic fluid volume, 
hematological parameters, red blood cells (RBCs), 
hemoglobin (Hb), white blood cells (WBCs), differen-
tial count, and biochemical parameters was evaluated.
Evaluation of the anticancer activity

The anticancer activity of milk fat CLA was 
assessed through definitive parameters include the 
MST, % ILS, tumor weight and volume, and restoring 
of the hematological, biochemical, and histopatholog-
ical alterations [28].
Life span

Survival time for TTM and effect of milk fat CLA 
on tumor growth was observed by MST and % ILS [29].
MST

Twenty mice in each group were monitored by 
5 weeks. Survival days of each animal from the day of 
tumor induction were counted, and spontaneous death 
of mice was considered the endpoint of experiments. 
The calculation of MST was calculated according to 
the following equation:

survival time (days)of ach micein a group
MST

Total number of mice
= ∑

% ILS
The effect of milk fat CLA on % ILS of the ani-

mals was calculated by comparing the survival time 
for treated group with that of control group using the 
following equation:

MST  of treated group  
MST of control group % ILS    1 00

MST of control group

−

= ×

Tumor weight and tumor volume
For the determination of tumor weight, ten mice 

from each group were sacrificed on day 16 of inoc-
ulation; the weight was recorded before and after 
the collection of the ascitic fluid. The difference in 
weight before and after gives the tumor weight and is 
expressed in grams. Tumor volume was determined 
by measuring the ascitic fluid volume using a gradu-
ated centrifuge tube [30].
Counting of viable tumor cells

The ascitic fluid was collected using WBCs 
diluting pipette and diluted up to 100 times with phos-
phate-buffered saline. The viable cell counting was per-
formed in 64 squares on Neubauer’s chamber using a 
drop of the prepared dilution. Trypan blue stain (0.4% 
in normal saline) was used to assess the viable cells, 
viable cells did not take the color of the dyes [30].
Blood sampling

From the sacrificed mice, 2 mL of blood were 
taken per mouse and placed on previously two 
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Figure-1: Mean survival time/day and percent increase in 
life span of tumor transplanted mice treated with milk fat 
rich in conjugated linoleic acid.
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identified microtubes; one with ethylenediamine 
tetra-acetic acid (EDTA) 10% as anticoagulant used 
to measure hematological parameters, and the second 
one without anticoagulant for separation of serum was 
used to measure the biochemical parameters [31].
Hematological parameters

Blood parameters were performed according to 
Santos et al. [32]. Blood on EDTA was used for RBC 
counts, estimation of Hb levels, and WBC counts. 
Differential count of WBCs was determined using 
blood smears stained with Giemsa stain.
Biochemical parameters

Biomarkers of liver function include serum ala-
nine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), and alkaline phosphatase (ALP) activities 
in addition to serum creatinine, a biochemical analy-
sis for renal function evaluation, were measured and 
interpreted, according to Tietz [33]. Total protein was 
measured by means of Biuret reagent and albumin was 
determined using the modified Bromocresol green, 
according to Moreira et al. [34]. Globulins were mea-
sured by subtracting of albumin from total serum pro-
teins and albumin/globulin (A/G) ratio was calculated 
from dividing albumin value on globulin value for each 
sample. Liver and renal function tests were performed 
to assess functioning of the liver and kidneys after 
milk fat CLA administration. Total antioxidant capac-
ity (TAC) was estimated, according to Lalithadevi 
et al. [35]. The previous biochemical parameters were 
measured colorimetrically using bio-diagnostic kits.
Histopathological examination

The treated mice and their controls were anesthe-
tized with diethyl ether and immediately sacrificed, 
quickly dissected; liver and kidney were removed and 
fixed in Bouin’s fluid. After 24 h, tissues were rinsed 3 
times in 70% ethanol, dehydrated using a graded etha-
nol series and then embedded in paraffin wax. Paraffin 
thick slices, 5 µm, were stained with hematoxylin 
and eosin and examined under light microscope and 
photographed using a digital microscope (Olympus 
BX50, Japan) [36].
Statistical analysis

The experimental results were expressed as the 
mean±standard error of the mean. The significant 
difference between the groups was statistically deter-
mined by one-way analysis of variance. Data were 
accepted as statistically significant considering the 
difference at p<0.05.
Results and Discussion

Cancer remains a major health problem caus-
ing mortality despite novel findings and several new 
anticancer drugs, its incidence is increasing with an 
annual rate of 1.2% [37]. Improvement in cancer 
treating strategies will result in prolonged survival of 
patients; however, there is a growing need for addi-
tional means of cancer management in both palliative 
and curative treatments [38].

Acute toxicity of milk fat CLA
Milk fat CLA was safe at doses as high as 

3 mg/mouse daily (160 mg CLA/kg BW) by oral route. 
The behavior of the mice was monitored, every 4 h, 
for a period of 48 h. Milk fat CLA supplemented diet 
did not induce mortality, behavioral changes, locomo-
tor ataxia, diarrhea, or weight loss in mice during the 
48-h observation period. Furthermore, feed and water 
intake did not differ among the groups of study. Dilzer 
and Park [15] reported similar findings.
Anticancer activity
Effect on MST and % ILS

Effect of milk fat CLA on life span, MST and % 
ILS, of TTM was investigated (Table-1 and Figure-1). 
In TTM positive control group (G3), the MST was 
16.5 days while it significantly (p<0.05) increased to 
23.5 and 25.2 days in G4 and G5 fed 1 mg milk fat CLA 
(40 mg CLA/kg BW.) daily 28 days post- and pre-tu-
mor cells inoculation, respectively. The administration 
of CLA at a dose of 40 mg/kg BW, orally significantly 
(p<0.05) increased the % ILS values to 42.4% and 
52.7% in the treated groups (G4) and (G5), respec-
tively, when compared with the TTM, positive control 
group (G3). The results of survival analysis revealed 

Table-1: Effect of daily oral administration of milk fat rich 
in CLA on MST and % ILS in EAC inoculated mice.

Groups Treatment MST/days % ILS

Group 3 Positive control (TTM) 16.5±0.19 ‑
Group 4* TTM feed on 50 mg milk 

fat/mouse (1 mg CLA) daily 
post‑inoculation.

23.5±0.26* 42.42*

Group 5* TTM feed on 50 mg milk 
fat/mouse (1 mg CLA) daily 
28 days pre‑inoculation.

25.2±0.35* 52.73*

The values expressed as mean±SE, TTM=Tumor 
transplanted mice with EAC cells, *Significant at (p<0.05) 
as compared with positive control group (Group 3, TTM). 
CLA=Conjugated linoleic acid, MST=Mean survival time, 
EAC=Ehrlich ascites carcinoma, % ILS=Percent increase 
in life span, TTM=Tumor transplanted mice, MST=Mean 
survival time
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that MST and ILS% were significantly increased in 
milk fat CLA treated mice (Groups 4 and 5).
Effect on tumor weight and tumor volume

Milk fat CLA supplement leads to significant 
(p<0.05) reduction in the weight and volume of tumor 
in TTM treated groups (Table-2 and Figure-2a). 
Tumor weight of TTM control group (G3) was found 
to be 5.8 g and that of milk fat CLA treated mice G4 
and G5 at a dose of 40 mg CLA/kg BW, was 3.7 and 
3.1 g with weight growth inhibition 36.2 and 46.6%, 
respectively. The ascitic fluid volume of the TTM con-
trol group was 7 mL, and it was significantly (p<0.05) 
reduced to 4.3 and 3.2 mL with a volume inhibition 
37.1 and 54.3% in treated mice groups G4 and G5, 
respectively.
Effect on viable cell count (cells×06/mL)

As shown in Table-3 and Figure-2b, the mean 
viable cell count of TTM positive control group (G3) 
was 330±0.2 and significantly (p<0.05) decreased 
to 216±1 and 152±9 in treated mice G4 and G5, at 
dose of 40 mg/kg BW, respectively. The viable cell 
reduction in both treated groups was 65.5% and 
46.1% while tumor cell inhibition was 34.5% and 
53.9%, respectively. The antitumor nature of milk fat 
CLA was evidenced by the significant inhibition in 
tumor weight and ascitic volume and the significant 
reduction in viable tumor cell count, in milk fat CLA 
treated mice as compared to the TTM positive control 
group (G3).

EAC is one of the commonly used experimen-
tal breast tumor that derived from spontaneous mouse 
adenocarcinoma that characterized by ascites [28]. In 
cancer, the increased volume of ascitic fluid indicates 

tumor growth; hence, decrease in ascitic fluid volume 
and arresting the tumor growth increase the life span 
of animals [39]. The obtained results in vivo supported 
this hypothesis as i/p inoculation of EAC cells into 
mice significantly increased the number of life EAC 
cells and subsequent ascites. Oral administration of 
50 mg milk fat rich in CLA per mice (40 mg CLA/kg 
live BW) to TTM treated groups (G4 and G5) signifi-
cantly (p<0.05) enhanced the MST and increased the 
life span of the inducted mice (Figure-1), significantly 
decreased tumor weight and volume (Figure-2a), 
number and percent of life EAC cells (Figure-2b) as 
well as WBCs count (Figure-3c), as compared to the 
TTM positive control (G3). Reddy et al. [38] reported 
that a 25% increase in the life span of ascites bearing 
animals is a significant indication of drug activity. The 
observations in the present experiment indicated the 
effectiveness of milk fat CLA on EAC cells and its 
role in the delay of cell division, thereby suggesting 
the reduction in EAC volume and increased survival 
time in mice. This meets the steadfast criteria, prolon-
gation of life span and decrease in WBC, for judging 
the potency of any anticancer agent [30,38,39].
Hematological parameters

The results in Table-4, Figures-3 and 4 showed 
that; on the 16th day after tumor cells inoculation, 
the hematological parameters of TTM positive con-
trol group (G3) were significantly (p<0.05) altered, 
relative to the normal group (G1). The RBCs count 
(Figure-3a) and Hb (Figure-3b) were significantly 
(p<0.05) decreased to 2.2×106 cells/mm3 and 8.3 g%, 
respectively, while WBCs count (Figure-3c) was sig-
nificantly (p<0.05) increased to 14.2×103 cells/mm3. 

Table-3: Effect of daily oral administration of milk fat rich in CLA on viable cell count.

Groups Viable cell count (×106)

Viable cell count (Number 
of tumor cells)

Viable cell count 
% (Tumor cell growth %)

Viable cells inhibition (I%) (Tumor 
cells inhibition %)

Group 3 330±2 100.0 100.0
Group 4 216±1* 65.5* 34.5*
Group 5 152±9* 46.1* 53.9*

The values expressed as mean±SE. *Significant at (p<0.05) as compared with positive control group (Group 3, TTM). 
CLA=Conjugated linoleic acid, TTM=Tumor transplanted mice

Table-2: Effect of daily oral administration of milk fat rich in CLA on tumor growth in EAC inoculated mice.

Groups Treatment Mean body 
weights

Tumor growth

W (g) WI (%) V ( mL) VI (%)

Group 1 Normal control (mice feed on balanced ration 
without inoculation) 

24.9±0.3 ‑ ‑ ‑ ‑

Group 2 Mice feed on 50 mg milk fat/mouse (1 mg CLA) 
daily for 28 days without inoculation 

25.0±0.3 ‑ ‑ ‑ ‑

Group 3 Positive control (TTM) feed on balanced ration 30.7±0.1 5.8±0.1* 100.0 7.0±0.4* 100.0
Group 4 TTM feed on 50 mg milk fat/mouse (1 mg CLA) 

daily post‑inoculation.
28.6±0.1 3.7±0.2** 36.2** 4.4±0.2** 37.1**

Group 5 TTM feed on 50 mg milk fat/mouse (1 mg CLA) 
daily 28 days pre‑inoculation.

28.1±0.1 3.1±0.2** 46.6** 3.2±0.1** 54.3**

The values expressed as mean±SE, W=Weight, WI=Weight inhibition, V=Volume, VI=Volume inhibition, *Significant 
at P<0.05 as compared with normal control group (Group 1), **Significant at P<0.05 as compared with EAC 
group (Group 3). CLA=Conjugated linoleic acid, EAC=Ehrlich ascites carcinoma, TTM=Tumor transplanted mice
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In addition, the differential count of WBCs showed 
significant decrease (31.1%) in the percentage of 
lymphocytes (Figure-4a) while the percentage of neu-
trophils (Figure-4b) and monocytes (Figure-4c) sig-
nificantly increased (55.0% and 2.0%), respectively. 
Significantly (p<0.05) restoring all the hematological 
alterations, in the treated groups (G4) and (G5) to near 
normal values, after oral administration of milk fat 
CLA at the same time period.

Anemia in TTM or during chemotherapy proto-
cols, mainly due to reduction in RBC or hemoglobin 
percentage as a result of iron deficiency or myelosup-
pression [40]. Restoration of hemoglobin content and 
maintenance for the nearly normal values of RBCs and 
WBCs count of the treated mice groups (G4 and G5) 
after 16 days of tumor induction clearly indicates 
that milk fat CLA was able to reverse the alteration 
in the hematological parameters consequent to tumor 
inoculation and possesses a protective action on the 
hemopoietic system, suggesting its anticancer nature 
without inducing myelotoxicity.

Lymphocyte count significantly increased in the 
TTM treated groups (G4 and G5) after administra-
tion of milk fat CLA demonstrating that, CLA has the 
potentials of improving the cellular immune system 
and its effectiveness in treatment of disease conditions 
caused by lymphocytopenia in mammals [41].
Biochemical parameters
Liver function

In respect to liver functions, transaminases 
and ALP levels were determined in the sera of the 

tested mice groups. Results, as shown in Table-5 and 
Figure-5, proved that supplementation of diet with 
milk fat CLA with level of 40 mg CLA/kg live BW did 
not affect transaminase, ALT and AST enzyme, activi-
ties in the sera of the tested normal animal group (G2). 
Induction of cancer into animals (G3), severely affect 
transaminases activity in its sera. The activities of 
both ALT (Figure-5a) and AST (Figure-5b) were sig-
nificantly (p<0.05) elevated from 17.87 to 22.78 IU/L 
and from 15.89 to 25.61 IU/L, respectively. When 
TTM fed on diet supplemented with 40 mg CLA/kg 
live BW (Group G4), the elevation in transaminase 
activities significantly (p<0.05) lowered than that in 
TTM (G3). The enzyme activity levels reached nearly 
the normal levels as compared to Groups G1 and G2 
but the levels were slightly still high (19.40±1.3 and 
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16.20, respectively). This means that CLA is highly 
effective for redressing disturbances in serum trans-
aminases by cancer transplantation in experimental 
mice. The results of ALP activity in sera of the previ-
ous examined groups, showed similar trend as trans-
aminases (Figure-5c). The levels were significantly 
(p<0.05) elevated from 37.38 to 137.92 IU/L by induc-
tion of tumor cells (G3) then, significantly reduced to 
56.79 IU/L when the diet was supplement with 40 mg 
CLA/kg live BW (G4). However, the addition of milk 
fat CLA into the diet as supplement at a level of 40 mg 
CLA/kg BW greatly improved the negative effect of 
the cancer induction in animals.

Kidney function
Concerning the creatinine contents in the sera 

of the examined animal groups (Figure-5d), similar 
changes were detected by administration milk fat CLA 
either in normal mice groups or tumor transplanted 
ones. Creatinine level did not change in the sera of 
animals which were fed on diet containing 40  mg 
CLA/kg BW (G2) as compared to animals fed on a 
normal diet (G1) while, the level was significantly 
(p<0.05) elevated from 1.46 to 3.80 mg/DL by cancer 
cell transplantation (G3). The elevation in creatinine 
levels by cancer induction was significantly reduced to 
2.24 mg/DL (Table-5 and Figure-5d) after feeding the 
TTM on a diet rich in CLA at a dose of 40 mg CLA/kg 
BW (G4). Therefore, diet supplemented with milk fat 
CLA at a level of 40 mg CLA/kg BW significantly 
improved the dangerous elevation in creatinine levels 

and can, in turn, protect the kidney from the negative 
effects of cancer.

Serum proteins
Data in Table-6 show the serum protein (total 

and A/G) results of normal and TTM fed on a nor-
mal diet and that supplemented with milk fat CLA. 
Total proteins (Figure-5a) and albumin (Figure-5b) 
are significantly (p<0.05) decreased, from 5.39 to 
3.92 g/DL and from 2.85 to 1.41 g/DL, respectively, 
by cancer induction but the levels were significantly 
re-increased, to 5.15 g/DL and 2.64 g/DL, respec-
tively, by daily oral administration of 40 mg CLA/
kg BW (G4). Globulin, however, showed opposite 
behavior which was increased by cancer transplanta-
tion then reduced by milk fat CLA supplementation. 
A/G ratio was decreased as compared to normal mice.

Liver being the immediate target organ affected 
by fast-growing EAC cells, uncontrolled gene expres-
sion. Patra et al. [39] stressed that serum enzymes are 
consider early indicators of neoplasia and as auxil-
iary for recognizing the extent of cancer progression 
or regression. Tumor in human or animals is known 
to affect the liver functions. Significant elevation in 
AST, ALT, and ALP activity levels in the sera of TTM 
indicate damage in liver cells, while elevation in cre-
atinine level is due to kidney dysfunction [42]. Halaby 
et al. [43] stated that several investigators also reported 
liver damage and disturbances in hepatic cell metab-
olism in TTM with EAC cells, and the serum level 
of liver enzymes is considered as reliable indices of 

Table-4: Effect of daily oral administration of milk fat rich in CLA on hematological parameters in EAC inoculated Mice.

Groups RBC count  
(106cells/mm3)

Hb (g %) WBC count 
(103cells/mm3)

Lymphocytes 
(%)

Neutrophils 
(%)

Monocytes 
(%)

Group 1 5.2±0.1 14.5±0.7 6.6±0.1 69±0.9 25.5±0.8 1±0.3
Group 2 4.9±0.1 13.5±0.3 6.1±0.1 74±0.2 26.2±0.4 1±0.5
Group 3 2.2±0.1* 8.3±0.2* 14.2±0.2* 31.1±1.0* 55±1.9* 2±0.6*
Group 4 3.4±0.1** 11.6±0.2** 10.3±0.20** 48.9±2.1** 38.2±0.9** 1.2±0.3**
Group 5 3.9±0.2** 12.8±0.3** 7.6±0.15** 59.9±1.5** 27.1±0.7** 1.1±0.1**

The values expressed as mean±SE, *Significant at P<0.05 as compared with normal control group (Group 1), 
**Significant at P<0.05 as compared with EAC group (Group 3). SE=Standard error, CLA=Conjugated linoleic acid, 
EAC=Ehrlich ascites carcinoma

Table-5: Activities of ALT, AST, ALP, Creatinine, and TAC in EAC inoculated mice sera after oral administration of milk fat 
rich in CLA.

Groups Treatment ALT (IU/L) AST (IU/L) ALP (IU/L) Creatinine (mg/DL) TAC (mm/L)

Group 1 Normal mice fed on balanced 
diet without EAC induction.

17.87±1.4 15.89±1.1 37.38±5 1.46±0.01 1.55±0.11

Group 2 Normal mice fed on balanced 
diet supplemented with milk 
fat CLA without EAC induction 

18.12±1.6 16.11±1.2 37.51±4 1.49±0.02 1.82±0.14*

Group 3 TTM fed on normal 
diet (Cancer control)

22.78±1.5* 25.61±2* 137.92±9* 3.80±0.08* 1.04±0.05

Group 4 TTM fed on balanced diet 
supplemented with 40 mg/kg 
milk fat CLA 

19.40±1.3** 16.20±1** 56.79±4** 2.24±0.02** 1.48±0.12**

The values expressed as mean±SE, *Significant at P<0.05 as compared with normal control group (Group 1), 
**Significant at P<0.05 as compared with TTM control group (Group 3). ALT=Aminotransferase, AST=Aspartate 
aminotransferase, ALP=Alkaline phosphatase, TAC=Total antioxidant capacity, CLA=Conjugated linoleic acid, TTM=Tumor 
transplanted mice, EAC=Ehrlich ascites carcinoma
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hepatotoxicity. Nearly similar findings were reported 
by Habib et al. [44] who reported that damage effects 

of EAC on the renal tissue were reflected by a signif-
icant increase in serum creatinine. Such biochemical 
change is the outcome of nephropathy.

The treatment of cancer with natural antican-
cer agents can inhibit the bad effect in liver [40]. 
Our results showed that diet supplemented with milk 
fat CLA greatly improved the disturbances in liver 
enzymes by tumor transplantation. In a similar study 
on TTM with EAC, Al Abdan [45] reported that 
administration of α-lipoic acid (LA) regulated liver 
enzymes ALT, AST, ALP, and indicated the efficiency 
of LA as cancer inhibitor and its therapeutic influ-
ence. Lalithadevi et al. [35] declared that reduction of 
hepatic enzymes level in serum is one of the indica-
tions of the antitumor potential and treatment against 
tumor cells; they attributed the hepatoprotective 
effect of CLA to its isomers that induce cytotoxic-
ity in hepatocytes or through its antioxidant property. 
The disturbance in liver and kidney function by tumor 
transplantation will consequently affect protein levels 
in blood of the experimental animals [46]. The signif-
icant decrease in total serum proteins and albumin, 
in the present study agrees with the results obtained 
by Saad et al. [46] who also mentioned that in mice 
treated with EAC cells, total proteins, albumin per-
centages, and A/G ratios were decreased as compared 
to normal mice. In our previous study, the results con-
firmed clear anticancer activity for milk rich in CLA 
in both tumor cell lines (in vitro) and TTM (in vivo). 
The study came to the conclusion that milk rich in 
CLA enhance cancer cells to enter the apoptotic path-
way  [47]. As shown in Table-6 and Figure-6, oral 
administration of supplemented diet with milk fat 
CLA to TTM, led to great disappearance for abnor-
malities in the biochemical parameters and returned 
them nearly to the normal levels. The reduced level of 
these biochemical parameters in serum is one of the 
indications of the antitumor potential and treatment 
against tumor cells [48].

The present work showed that cancer induc-
tion into mice gave changes (decreases) in the TAC, 
which was modified by milk fat CLA administration 
(Table-5). In this concern, we can suggest that CLA 
has a potential therapeutic complement in the cure or 
prevention of different disturbances associated with 
cancer due to imbalance in the cellular oxidoreductive 
status. This suggestion was previously confirmed by 
Al Abdan [45] who also suggested that supplementa-
tion with natural compounds that are thought to influ-
ence liver function can improve liver dysfunction in 
TTM, in addition to its oncostatic effect. The natural 
compounds as polyunsaturated fatty acids (PUFAs), 
including CLA, exhibit antioxidant activity and have 
a major role in cancer treatment. It is well docu-
mented that the higher the intracellular concentrations 
of lipid peroxides, the lower the mitotic rate and vice 
versa, tumor cells are resistant to lipid peroxidation in 
comparison with normal cells [35]. This observation 
is in tune with the fact that cancer cells have lower 

Table-6: Effect of daily oral administration of milk fat rich 
in CLA on serum proteins (g/DL) in EAC inoculated mice.

Groups Total Albumin Globulin A/G ratio

Group 1 5.39±0.1 2.85±0.1 2.51±0.03 1.12±0.05
Group 2 5.74±0.2 3.01±0.2 2.73±0.02 1.10±0.04
Group 3 3.92±0.1* 1.41±0.2* 2.54±0.04 0.56±0.04*
Group 4 5.17±0.1 2.64±0.2** 2.52±0.02**1.04±0.01**

The values expressed as mean±SE, *Significant 
at (p<0.05) as compared with normal control 
group (Group 1), **Significant at (p<0.05) as compared 
with TTM control group (Group 3). CLA=Conjugated 
linoleic acid, TTM=Tumor transplanted mice, EAC=Ehrlich 
ascites carcinoma
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Figure-5: (a-d) Liver and kidney function tests in sera of Ehrlich ascites carcinoma inoculated mice after oral administration 
of milk fat rich in conjugated linoleic acid.
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microsomal phospholipid content and low content of 
PUFAs [49]. Hence, accumulation of toxic lipid per-
oxides only in tumor but not in normal cells may be the 
cause of CLA tumoricidal action. Coadministration 
of these bioactive CLA isomers in conjunction with 
conventional anticancer drugs can induce remission 
of other tumors in humans. Thus, even drug-resistant 
cancers could be effectively treated using this bioac-
tive lipid-based therapeutic approach [50].

Histopathological results

Liver
Both control negative mice group fed on a nor-

mal diet (G1) and the mice group fed on normal diet 
supplemented with milk fat CLA (G2) showed normal 
structure of liver, formed from polygonal lobules with 
indistinct outlines. Hepatocytes were polyhedral in 
shape, had vesicular spherical nuclei with prominent 
nucleoli and eosinophilic cytoplasm. Hepatocytes 
were arranged in cords that radiated out from the 
center of each lobule where the central vein situated. 
Between the hepatic cords hepatic sinusoids are local-
ized and contained fine arrangement of Kupffer cells 
(Figure-7a and b), these findings were approved by 
Abou Zaid et al. [51]. EAC bearing mice positive 
group, (G3) revealed massive pathological alter-
ations distributed throughout the hepatic tissue. Liver 
showed enlarged and congested central vein, coagu-
lative degeneration was also obvious in the hepato-
cytes. Kupffer cells were abundant more than normal. 
Infiltration of cancer cells mixed with leukocytes as a 
sign of tumor metastasis in liver tissue was reported 
(Figure-7c and d). These findings were in agreement 
with Bhattacharyya et al. [52]. Examination of liver 
sections obtained from EAC mice treated with milk fat 
CLA, 40 mg CLA/kg BW, (G4) revealed reasonable 
ameliorations to a great extent, but the central vein 
was still mildly congested and enlarged (Figure-7e). 
Hepatotoxicity induced by EAC cells were nullified 
by the preventive effects of milk fat CLA supplemen-
tation in mice treated with milk fat CLA 28 days before 
experimental EAC inoculation (G5) and revealed nor-
mal histological lesions nearly similar to those of the 
control negative group (Figure-7f).



Figure-7: Photomicrograph of mice liver from Groups 1 
and 2 (a and b) showing normal histological appearance of 
liver including central vein, blood sinusoids, hepatic cells, 
and Kupffer cells. Histological structure of mice liver from 
Group 3 (c and d) showing enlarged and congested central 
vein, degenerated hepatocytes (arrow head), infiltration 
of tumor cells, and leukocytes (arrow). Liver of mice from 
Group 4 (e) showing mild congested central vein (arrow). 
Mice liver from Group 5 (f) showing. Nearly normal 
histological appearance (H and E, 400×).
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Figure-8: Photomicrograph of mice kidneys from Groups 1 
and 2 (a and b) showing normal glomeruli and normal renal 
tubules. Histological structure of mice kidneys from Group 
3 (c and d) showing glomerular atrophy and degenerated 
renal tubules (arrow head), proteinous casts in the lumen of 
renal tubules, and infiltration of tumor cells and leukocytes 
(arrow). Kidneys of mice from Group 4 (e) showing mildly 
degenerated renal tubules. Mice kidneys from Group 5 
(f) showing nearly normal glomeruli and renal tubules, (H 
and E, 400×).
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Kidney
Both control negative mice group fed on a nor-

mal diet (G1) and mice group fed on normal diet sup-
plemented with milk fat CLA (G2) were composed of 
two main regions; the renal cortex and medulla which 
possess normal histological features. The renal cortex 
is enclosed by numerous renal corpuscles, each made 
up of glomeruli and the Bowman’s capsule. There is a 
characteristic normal space between the glomeruli and 
Bowman’s capsule to allow renal filtration. Proximal 
and distal convoluted tubules surround the renal cor-
puscles; these tubules have inner wide luminal space 
lined externally with cuboidal epithelium (Figure-8a 
and b). Positive group, EAC bearing mice (G3) 
revealed marked damage of renal tissues which are 
represented in degenerated renal tubules and glomeru-
lar atrophy. Proteinous casts in the lumen of the renal 
tubules were also observed. Infiltration of tumor cells 
mixed with leukocytes as a sign of tumor metastasis 
in kidneys tissue was clearly denoted, (Figure-8c and 
d); this result is in concomitance with Abd El-Wahab 
and Fouda [53]. Examination of kidneys sections 
obtained from EAC mice treated with milk fat CLA, 
40 mg CLA/kg BW (G4) revealed reasonable amelio-
rations to a great extent, with somewhat little degen-
eration in renal tubules (Figure-8e). Nephrotoxicity 
induced by EAC cells was nullified by the preven-
tive effects of milk fat CLA supplementation in mice 

treated with milk fat CLA 28 days before EAC inoc-
ulation (G5) and revealed nearly normal histological 
lesions similar to those of the control negative group 
(Figure-8f).

CLA has long been widely present in various 
diets; it has a wide range of beneficial activities in 
human health due to the biological importance of its 
isomers [54]. Milk fat is the richest natural source of 
CLA with concentrations typically ranging between 
4 and 5 mg/g fat [55]; in this study, we could obtain 
milk fat contain 20 mg/g fat. Consumption of foods 
naturally enriched with CLA during lifetime, can 
reduce the risk of several diseases. Such positive 
effects include anticarcinogenic, antiatherogenic, 
antidiabetic, antiobesity, and enhancement of immune 
system [18]. The effects seem to be mediated primar-
ily by two CLA isomers: c9, t11 and t10, c12 but the 
impact may differ depending on the isomer [56]. The 
obtained results in this study agrees with the most 
human studies that reported no significant changes 
in liver functions, morphology, or signs of hepatic 
lipodystrophy after CLA administration [15]. Milk 
fat CLA has been shown in vivo (TTM) reduction in 
tumor growth; in accord with Field and Schley [57] 
who justified the reduction in tumor growth by slow-
ing cell replication, cell death through apoptosis or 
both. Islam et al. [58] mentioned that apoptosis is one 
of the most common mechanisms of the anticarcino-
genic CLA isomers in animal and human cancer cells, 
which is mediated by dysfunction of mitochondria. 
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They added that isomers of CLA induce cytotoxic-
ity in cancer cells without significantly affecting the 
normal cells.

The obtained decline in ascitic fluid volume in 
CLA treated mice is due to significant inhibition of 
cell proliferation (Figure-2b) and to enhance apopto-
sis in EAC cells, agrees with the result obtained by 
Dinicola et al. [59]. Ding and Nguyen [60] confirmed 
that antiproliferative activity of CLA isomers is depen-
dent on cancer cells through suppression of the gap 
junctional intercellular communication (GJIC), which 
connect the cytoplasm of neighboring cells to main-
tain tissue homeostasis through allowing the passage 
of small cytoplasmic molecules and ions, and regulate 
cell proliferation and apoptosis. McLachlan et al. [61] 
explained that deficiencies in connexin genes (Cx), 
proteins, especially Cx43 which present in human 
breast tissue and most of body cells, act as a cancer 
marker. They added that, in cancer cells CLA isomers 
can enhance GJIC by inducing Cx43 gene expres-
sion, and this is an indication of its anticancer action; 
according to several studies [62,63] confirmed that 
enhancing GJIC through Cx43 upregulation in tumor 
cells is positively correlated with anticancer activities. 
Rakib et al. [64] also demonstrated the downregulation 
inhibition of GJIC in human MCF-10A cells by CLA 
isomers which protect the phosphorylation of Cx43 
and maintain GJIC. Song et al. [65] in another study 
reported that apoptosis in cancer cells (MCF-7) was 
associated with upregulation of GJIC through Cx43 
expression mediated by inactivation of the activity of 
the nuclear factor-κB activity.

Low concentrations of estrogen can downreg-
ulate Cx43 expression and lead to instability of the 
Cx43 protein in many cancer cells. CLA display the 
estrogen antagonistic activities through the inhibition 
of the ERα-mediated signaling in ER-positive MCF-7 
human breast cancer cells; unlike MCF-7 cells, the 
inhibitory effects of CLA on cell growth were weak 
or lost in ER-negative MDA-MB-231 breast cancer 
cells. Furthermore, CLA triggers ERα/protein phos-
phatase 2 (PP2A) complex formation and increase 
PP2A activity, and this explains the decreased ERα-
ERE binding activity by CLA supplementation [23]. 
Hence, Amaru et al. [24] proved that CLA effectively 
reduces breast cancer risk by inhibiting breast tumor 
initiation, promotion, and progression.

Our present study showed strong anticancer 
activity and confirmed several studies obtained sim-
ilar results after treatment with CLA. There is a sig-
nificant interest for using milk fat CLA as an adjuvant 
agent in combination with chemotherapy drugs.
Conclusion

In the light of the above observations, it can be 
concluded that these novel results in vivo studies indi-
cate the significant promising anticancer activity of 
milk fat CLA which may be due to the additive and 
synergistic activity of its natural isomers. The activity 

was confirmed by significant improvement of MST 
and decrease of WBC count. On the other hand, milk 
fat CLA can also be used as adjuvant therapy in com-
bination with the existing anticancer drugs. Further 
investigation to learn more about the mechanism of 
this antitumor activity are needed so that it can be for-
mulated and be tried clinically.
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