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Abstract: Objective: To study the combined toxicity of chrysanthemum extract (CME) and high dose cadmium chlo-
ride (Cd) in multiple organs after maternal exposure to CME, Cd and CME+Cd. Method: An extended one-generation 
rat reproductive toxicity was carried out, and animals were divided into four groups: the control group, CME-fed group 
(3 g/kg), Cd-fed group (20 mg/kg), and CME+Cd-fed group (3 g/kg CME and 20 mg/kg Cd). Rats were exposed to 
Cd and CME+Cd during pregnancy and lactation, discontinued after weaning, and exposed to CME throughout the 
experiment. Result: CME didn’t induce adverse effects; Cadmium and CME+Cd caused body weight loss, hemato-
logic and cardiac toxicity, renal and liver toxicity, offspring skeletal muscle inflammation; CME+Cd toxicity was more 
severe than Cd, in maternal and offsprings’ body weight and maternal ovary, maternal hematologic and cardiac tox-
icity, male offspring renal toxicity, and female offspring cardiac toxicity. Conclusion: Cd and CME induced combined 
reproductive and developmental toxicity, CME aggravated Cd toxicity, in early life stage with high level Cd exposure.
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Introduction

The toxicity of heavy metals is harmful to 
health, in addition, the extensive use of cadmi-
um (Cd) in industries heavily contributes to pol-
lution [1]. Cadmium can be enriched in plants 
[2]. Therefore, Cd levels are high in food and 
food products, and humans are exposed to Cd 
mainly through food and cigarette smoke [3]. 
There are many organs that are targeted by Cd 
toxicity, including the kidneys, liver, bone, mam-
mary gland, breast, pancreas, and colon [4]. 
Cadmium can be detected in pregnant women, 
and levels are closely related to offspring health 
[5]. In order to excrete heavy metals poisoning, 
chelators (like CaNa2 EDTA) are used in chela-
tion therapy. However, side effects are associ-
ated with chelation therapy [6]. Oxidative dam-
age is an important mechanism of Cd toxicity. 
Cadmium promotes reactive oxygen species 
(ROS) and induces oxidative stress in many 
organs [7]. CME possesses the ability to main-
tain antioxidant activity and reduce macromo-

lecular oxidative damages [8]. Many plants 
have anti-oxidative characteristics against Cd 
[9].

Chrysanthemum is ranked second only to tea in 
consumption as a drink and food, and unlike 
tea, Chrysanthemum does not contain caffeine, 
there are no taboos for women during pregnan-
cy and in lactation. However, Cd exposure dur-
ing pregnancy and childbirth has a serious 
impact on offspring, so it is of great value to 
study the combined effect of chrysanthemum 
extract and Cd during pregnancy and lactation. 
It has been shown that consumption of 7.2 g/
kg.bw of CME affects the development of rat 
offspring, but there is no observed adverse 
effect (NOAEL) at 3.6 g/kg.bw [10]. 

The combined toxicity of CME and Cd induc- 
ed from maternal exposure in the early life 
stage has not been established. These results 
prompted us to investigate the combined 
effects of CME on Cd-induced reproductive tox-
icity, in early life stage exposure. 

http://www.ijcem.com
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Materials and methods

Equipment and materials

CME was produced by Xi’an Green Biological 
Engineering Technology Co., Ltd. The CME was 
sourced from dry flower heads of Hang Ch- 
rysanthemum, which belongs to the artificial 
cultivation product, not wild plant. The flowers 
were recovered and air-dried. Ten kg raw mate-
rial was extracted three times with 10 Liters of 
60% ethanol in an extraction pot (XTQ-50, 
HCHT Beijing, China) at 65-75°C for 2 h per 
extraction. Extraction liquid was concentrated, 
spray-dried (120°C, 80 mesh), and the extract 
yield was 10%. The flavonoid content ranged 
from 5.1-5.2%, which was determined by UV 
spectra. The absorbance was measured and 
the flavonoid concentration was calculated 
from the standard curve. The extraction effi-
ciency (%) was also calculated as follows: 
extraction efficiency (%) = extracted flavonoid 
content/total mass of Chrysanthemum powder 
× 100 [11].

The low-temperature high-speed centrifuge 
was from Beckman (Allegra X-22R; USA). The 
soy- and alfalfa-free diet was supplied by the 
Institute of Laboratory Animal Sciences (Beijing, 
China) [license numbers: SCXK (JING) 2009-
0008]. Nutrient composition, anti-nutrient and 
contaminant levels in the diets were analyzed 
to verify their suitability for use in the animal 
diets (Table 1). The diet composition met the 
requirements of Chinese national standards for 
laboratory animals. CME and cadmium chloride 
(Cd, purity 99.99%) were purchased from 
Beijing Chemical Reagent Company and dis-
solved in water, sprayed, and distributed into 
raw food materials. 

Animals and housing environment 

All studies were conducted according to the 
laboratory animal management regulations of 
Beijing regarding animal experimental welfare 
and ethical inspection and approved by the 
China National Center for Food Safety Risk 
Assessment Standing Committee on Ethics in 
Animal Experimentation (2009036). All experi-

ments were performed in accordance with rel-
evant guidelines and regulations. Sprague-
Dawley rats, approximately 8 weeks old, were 
procured from Vital River Laboratory Animal 
Technology Co. Ltd. (Beijing, China). They were 
housed in the laboratory animal environment 
specific pathogen free [SPF], in stainless steel 
wire-mesh cages at a room temperature of 
24±1°C and 50±10% relative humidity in a 
12:12 h light-dark cycle with free access to 
food and tap water. An extended one-genera-
tion rat reproductive toxicity was carried out 
according to OECD 443 [12]. Each female rat, 
conforming to the requirement of health and 
body weight, was mated with a resident mature 
male rat of the same strain and age after two 
weeks of acclimatizing to the new conditions. 
The existence of a vaginal plug indicated suc-
cessful mating at gestation day (GD) 6. Mated 
maternal rats were weighed and randomly 
divided into four groups of 25 to 30 animals (to 
ensure delivery rats were more than 20) each 
and uniquely marked. From GD 6 to post-natal 
day (PND) 21, pregnant rats were housed singly 
and orally exposed to CME (3 g/kg), Cd (20 mg/
kg), and CME+Cd (3 g/kg CME and 20 mg/kg 
Cd) through their diet. The day of birth was 
regarded as PND 0. Twenty F1 offspring rats 
from different mother rats, with half male and 
female, were used in each group. After wean-
ing, 20 were exposed only to CME, but not Cd 
and CME+Cd. 

Clinical observations

All animals were observed once a day, weighed 
and fed once a week, and their fur, mental 
state, and secretions were observed. All 
adverse clinical manifestations were recorded 
in detail. Finally, following an overnight period 
(approximately 12-18 h) of food deprivation, 
each rat was weighed terminally prior to nec-
ropsy. The food intake of each rat was recorded 
daily during the study period.

Hematology and clinical chemistry

On lactation day (LD) 22, after overnight fast-
ing, animals were anesthetized by intraperito-
neal injection of barbiturate, and blood was col-

Table 1. Nutrient composition, anti-nutrient and contaminant levels in soy- and alfalfa-free diet

Composition Moisture Crude 
protein Carbohydrate Crude 

fat Ash Crude 
fiber Calcium Total  

phosphorus
Calcium/total 
phosphorus

Diet (%) 9.21 23.4 65.3 5.01 5.88 4.71 1.35 0.91 1.4
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lected from the abdominal aorta. Anticoagulant 
blood was used to determine the blood profile, 
and serum was used to determine blood bio-
chemistry. Blood samples were analyzed for 
hematology and serum chemistry parameters. 

Clinical pathology and histopathology

Offspring rats were anesthetized by intraperito-
neal injection of barbiturate, and at the end of 
study, bled to death. The gross and pathologi-
cal changes in animal organs were observed. 
After the organs were dissected, the fat and 
adipose tissue were removed, and the organs 
were weighed and histopathological examina-
tion was performed. The organs included the 
adrenals, brain, pituitary gland, prostate, heart, 
spleen, kidneys, liver, thymus, testis, and epi-
didymis. The viscera coefficient was calculated 
(relative to terminal body weight and brain 
weight). 

Statistical analysis 

The data are expressed as the mean ± SD. 
Homogeneity of variance was examined by the 
Levene’s test. If the Levene’s test indicated no 
significant deviations from homogeneity in the 
variance, the data were analyzed by one-way 
analysis of variance followed by least signifi-
cant difference method multiple comparison to 
determine whether or not the difference was 
significant. In the case of significant deviations 
from variance with the Levene’s test, the signifi-
cant difference between groups was identified 
by the Dunnett’s t-test. Two independent sam-
ple tests of nonparametric test were used for 
pathological statistical results. The data were 

analyzed using SPSS 13.0 for Windows (SPSS 
Inc., Chicago, IL, USA), and P < 0.05 was con-
sidered statistically significant.

Results

Maternal toxicity

Maternal body weight and observations: All ani-
mals survived to the end of the test. Daily 
observations showed that there was a luster on 
the skin of the Cd-fed and CME+Cd-fed rats, 
and no adverse effects were observed in the 
control and CME groups. Before gestation, 
Cd-fed and CME+Cd-fed rats gained less weight 
and consumed less diet than control animals 
from GD 14 to LD 14 (all P < 0.05; Figure 1). 
The mean body weight and food consumption 
of the CME+Cd-fed rats were lower than those 
of the Cd-fed rats but without significance. 
There was no significant difference in food util-
ity rate.

Maternal hematology: Hematological analysis 
revealed significantly lower values in red blood 
cells (RBCs), hemoglobin (HGB), hematocrit 
(HCT), and mean corpuscular volume (MCV) in 
CME+Cd-fed and Cd-fed rats in comparison to 
control groups, and lower values in CME+Cd-
fed rats than in Cd-fed rats (Table 2). 

Maternal clinical biochemistry: Clinical bio-
chemistry revealed that there were higher lev-
els of alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), urea nitrogen 
(BUN), creatinine (CRE), lactate dehydrogenase 
(LDH), and chloride ion (CL) and lower levels of 
serum phosphorus (P) in Cd-fed rats. Levels of 
ALT, total protein (TP), BUN, cholesterol (CHO), 
calcium ion (Ca), and concentration of low-den-
sity lipoprotein cholesterol (LDL-C) were higher 
in CME+Cd-fed rats compared with those in 
controls (Table 3). 

Maternal gross anatomy and histopathology: 
Compared with controls, ovary absolute and 
relative (brain) weight of CME+Cd-fed rats 
decreased (P < 0.05). Ovary absolute and rela-
tive (brain) weight of Cd-fed rats were lower 
than those of controls but without significant 
difference (Table 4). 

Offspring toxicity

Offspring body weight and observations: All 
animals survived to the end of the test. Daily 

Figure 1. Effects on maternal body weight (mean ± 
SD, n = 20). Note: *Compared with control P < 0.05.
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observed in the control and CME-fed rats. 
Before gestation, Cd-fed and CME+Cd-fed off-
spring gained less weight and consumed less 
diet than control animals from PND 4 to PND 
112 (P < 0.05; Figure 2). The mean body weight 
and food consumption of the CME+Cd-fed rats 
were lower than those of the Cd-fed rats but 
without significant difference. There were no 
significant differences in food utility rate.

Offspring birth situation: Compared with the 
controls, pregnancy cycle, live pups, dead 
fetuses did not differ significantly, while Cd-fed 
and CME+Cd feeding caused the litter weight to 
decrease (Table 5). 

Offspring developmental landmarks: Upper 
incisor eruption, nipple/areola, vaginal patency, 
vaginal keratinization, cliff avoidance, auditory 
startle reflex were all delayed in Cd-fed and 
CME+Cd-fed rats, in comparison with controls; 

Table 2. Effects on maternal hematology (mean ± SD, n = 20)
Parameters Control CME Cd CME+Cd P (CME) P (Cd) P (CME+Cd)
RBC (1012/L) 7.30±0.14 6.68±0.84 5.30±0.40** 5.15±0.52** 0.788 0.013 0.006
HGB (g/L) 140.22±2.90 126.56±15.92 85.77±3.47** 76.33±6.08** 0.548 0.000 0.000
HCT (%) 42.27±0.88 39.04±4.89 24.50±1.73** 23.52±2.06** 1.000 0.018 0.000
MCV (fL) 57.90±0.50 57.62±1.32 47.05±2.46* 46.38±1.28** 1.000 0.000 0.000
Note: *Compared with control P < 0.05, **compared with control P < 0.01.

Table 3. Effects on maternal clinical chemistry (mean ± SD, n = 20)
Parameters Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
ALT (U/L) 46.22±3.91 58.88±4.80 67.77±9.34* 79.00±10.87** 0.182 0.026 0.001
AST (U/L) 130.78±9.57 130.11±12.64 161.67±9.42* 150.11±8.13 0.009 0.037 0.184
TP (g/L) 47.60±2.18 49.83±1.40 52.14±3.37 54.73±1.92* 0.499 0.172 0.034
BUN (mmol/L) 7.16±0.38 8.62±0.34 9.34±0.63** 8.70±0.73* 0.059 0.006 0.046
CRE (μmol/L) 51.25±2.65 58.97±1.91 62.47±3.50** 59.01±2.68 0.066 0.009 0.066
P (mmol/L) 2.39±0.21 1.75±0.21 1.58±0.23* 2.28±0.19 0.053 0.015 0.724
CHO (mmol/L) 1.27±0.09 1.43±0.06 1.53±0.14 1.64±0.06* 0,290 0.098 0.017
LDH (IU/L) 1251.3±142.0 1290.4±134.7 1766.0±119.8** 1336.7±101.5 0.005 0.007 0.644
CL (mmol/L) 105.19±3.63 112.64±1.63 113.77±2.51* 112.86±1.46 0.075 0.041 0.067
Ca (mmol/l) 1.96±0.10 2.0333±0.05 2.13±0.09 2.25±0.06* 0.609 0.204 0.030
Note: *Compared with control P < 0.05, **compared with control P < 0.01.

Table 4. Effects on maternal ovary weight (mean ± SD, n = 20)
Group Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
Brain (g) 1.826±0.150 1.876±0.157 1.815±0.162 1.851±0.134 0.491 0.879 0.735
Ovary (g) 0.177±0.029 0.175±0.030 0.139±0.038* 0.135±0.024* 0.961 0.023 0.014
Ovary/Brain (%) 9.8±0.8 9.8±0.9 7.6±1.1* 7.4±0.6* 0.702 0.032 0.012
Note: *Compared with control P < 0.05.

Figure 2. Effects on offspring body weight. Note: 
*Compared with control P < 0.05.

observations showed luster on the skin and fur 
of the Cd-fed and CME+Cd-fed rats, their behav-
ior was tardy, and no adverse effects were 
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although eye prominence was delayed in CME-
fed rats, no change in other parameters was 
detected, so there was no biological signifi-
cance (Table 6). 

Developmental landmarks revealed that male 
anogenital distance (AGD, the distance from 
the anus to the genitals) of CME+Cd-fed rats 
was shorter in comparison with that of the con-
trols, but AGD coefficient (AGD/bw1/2, bw1/2 
square root of weight) was not different, so 
there was no biological significance (Table 7).

Offspring histopathology: As shown in Table 8, 
CME+Cd led to an increase of the spleen, thy-
mus and heart coefficients, and Cd led to an 

increase in the heart coefficients of females. 
CME+Cd led to an increase in spleen and thy-
mus coefficients, and Cd led to an increase in 
spleen and heart coefficients in males. The 
coefficients of other organs showed no signifi-
cant change.

As shown in Table 9 and Figure 3A-H, in female 
offspring, focal myocardial cell degeneration 
and necrosis with inflammatory cell infiltration 
occurred in the heart; mild hepatocyte steato-
sis, infiltration of small inflammatory cells 
occurred in the liver; renal interstitial inflamma-
tory cell infiltration occurred in the kidneys; 
while other organs showed no obvious patho-
logical damage. Cadmium and CME+Cd caused 

Table 5. Effects on pregnancy cycle, litter size, and weight (mean ± SD, n = 20)
group Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
Pregnancy cycle (day) 22.00±0.46 21.65±0.49 22.00±0.00 22.15±0.37 0.206 1.000 0.860
Alive pups (No.) 14.80±2.04 14.95±2.19 15.20±1.64 14.75±2.10 0.718 0.280 0.781
Dead fetuses (No.) 0.05±0.22 0.35±0.59 0.25±0.55 0.25±0.55 0.303 0.664 0.664
Litter weight (g) 99.26±2.45 97.38±3.16 90.61±2.33 88.89±4.18* 0.716 0.097 0.047
Note: *Compared with control P < 0.05.

Table 6. Effects on the offspring developmental landmarks (PND, mean ± SD, n = 20)
Parameters Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
Ear prominence 3.25±0.44 3.20±0.41 3.25±0.44 3.20±0.41 0.999 1.000 0.999
Fur appearance 4.00±0.00 4.00±0.00 4.20±0.41 4.15±0.37 1.000 0.092 0.082
Upper incisor eruption 11.05±0.39 11.70±0.73* 10.95±1.15 10.75±0.64 0.017 0.999 0.488
Eye prominence 13.80±0.62 14.25±0.79 14.80±1.28* 15.00±1.03* 0.139 0.001 0.000
Surface Righting reflex 3.10±0.31 3.10±0.45 3.20±0.62 3.20±0.41 1.000 0.477 0.477
Nipple/areola 11.20±1.70 12.30±1.03 13.70±1.13* 13.75±1.37* 0.166 0.000 0.000
Vaginal patency 31.10±1.48 31.85±1.27 36.20±2.69* 35.30±1.69* 0.529 0.000 0.000
Vaginal keratinization 32.60±1.88 33.25±1.07 37.20±2.71* 35.85±1.69* 0.757 0.000 0.000
Cliff avoidance 7.9±1.0 8.5±1.1 10.7±0.7* 9.3±0.7* 0.149 0.000 0.001
Auditory startle reflex 11.4±0.5 11.5±0.5 12.2±0.4* 12.0±0.8* 0.733 0.008 0.045
Testicular descent 26.50±1.40 27.00±1.72 28.85±2.30* 26.95±1.36 0.911 0.006 0.903
Note: *Compared with control P < 0.05.

Table 7. Effects on AGD and AGD Coefficient (mean ± SD, n = 20)
Gender Parameters Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
Female AGD (mm) 2.92±0.49 3.04±0.38 2.78±0.54 2.90±0.56 0.740 0.747 1.000

Weight (g) 9.71±1.16 9.44±0.93 7.94±1.16* 8.14±0.82* 0.176 0.000 0.000
AGD/bw1/2 0.94±0.15 0.99±0.13 0.99±0.19 1.02±0.19 0.300 0.002 0.000

Male AGD (mm) 5.84±0.58 5.81±0.58 5.56±0.68* 5.47±0.49* 0.807 0.023 0.003
Weight (g) 9.95±1.22 9.81±1.09 8.27±1.32* 8.36±0.77* 0.989 0.000 0.000
AGD/bw1/2 1.86±0.20 1.86±0.20 2.00±0.63* 1.89±0.15 0.935 0.006 0.307

Note: *Compared with control P < 0.05.
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heart, liver and kidney toxicity. The cardiac tox-
icity of the CME+Cd-fed rats was more severe 
than that of the Cd-fed rats.

In male offspring, focal myocardial cell degen-
eration and necrosis with inflammatory cell 
infiltration occurred in the heart; infiltration of 

Table 8. Effects on organ coefficients (mean ± SD, n = 10)
Gender Parameters Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
Female Spleen (%) 0.16±0.07 0.17±0.03 0.20±0.05 0.22±0.04* 0.344 0.088 0.022

Thymus (%) 0.12±0.05 0.13±0.03 0.14±0.02 0.17±0.02* 0.300 0.135 0.008
Heart (%) 0.35±0.03 0.35±0.04 0.41±0.04* 0.36±0.03 0.500 0.002 0.238

Male Spleen (%) 0.16±0.02 0.15±0.03 0.21±0.03* 0.21±0.02* 0.798 0.001 0.000
Thymus (%) 0.09±0.03 0.11±0.02 0.12±0.02 0.14±0.03* 0.057 0.014 0.002
Heart (%) 0.35±0.03 0.35±0.04 0.41±0.04* 0.36±0.03 0.500 0.002 0.238

Note: *Compared with control P < 0.05.

Table 9. Incidence of histopathological lesions in rat offspring (n = 10)
gender Parameters Control CME Cd CME+Cd P (CME) P (Cd) P (ME+Cd)
female heart 1 2 5b 7a 0.495 0.069 0.009

liver 1 1 2b 2b 0.770 0.507 0.497
kidney 0 0 3b 2b 1.000 0.103 0.231

male heart 2 2 6b 5b 0.706 0.081 0.179
liver 1 1 2b 2b 0.765 0.491 0.507

prostate 3 3 5b 5b 0.681 0.696 0.322
kidney 0 0 3b 5a 1.000 0.102 0.016

skeletal muscle 0 0 3b 3b 1.000 0.102 0.104
testicular 0 0 0 1b 1.000 1.000 0.507

Note: aCompared with control, degree of pathology and quantity was increased P < 0.05, bCompared with control, degree of 
pathology and quantity was increased.

Figure 3. A-H. Offspring histopathology in Cd-fed rats. A. Female myocardial cell degeneration haematoxylin and eo-
sin (HE)100×; B. Female cardiac focal fibrous tissue hyperplasia HE100×; C. Female glomerular sclerosis HE100×; 
D. Female liver inflammatory cell infiltration HE100×; E. Male hyperplasia of prostate epithelial cells HE100×; F. 
Male myocardial inflammatory cell infiltration HE100×; G. Male testicular atrophy HE100×; H. Male glomeruloscle-
rosis HE100×.
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small inflammatory cells occurred in the liver; 
the interstitial blood vessels of the prostate 
were dilated, hyperemia occurred, and inflam-
matory cells infiltrated. Cell degeneration 
occurred in the skeletal muscle, including 
inflammatory cell infiltration and unilateral tes-
ticular atrophy (only one animal appeared; thus, 
the experiment was inconclusive). Cadmium 
caused heart, liver, kidney, skeletal muscle, 
and prostate gland toxicity. CME+Cd caused 
heart, kidney, and prostate gland toxicity. 
Kidney toxicity of CME+Cd-fed rats was more 
severe than that of Cd-fed rats.

Discussion 

The choice of CME as the study object mainly 
concerns its large consumption and anti-oxida-
tion activity [13]. At low dose of Cd exposure, 
dietary antioxidant factors show protective 
effect on Cd toxicity. Tian [14] reported that the 
CME attenuates hepatotoxicity via inhibiting 
oxidative. Colacino [15] reported that dietary 
intake significantly attenuated inflammation 
caused by Cd in epidemiological studies. The 
current study focused on the combined repro-
ductive toxicity of CME and Cd, in a high dose 
Cd exposure. 

The World Health Organization (WHO) specifies 
the tolerable daily intake (TDI) for Cd at 7 μg/kg 
of body weight/week. In the present study Cd 
exposure level is about 20 mg/kg which is 
20,000 times TDI recommended by the WHO. 
In the present study, the dose of 3.0 g/kg.bw 
was set in accordance with the NOAEL based 
on the Zhao’s study [10]. 

The liver is the main target organ for Cd accu-
mulation. After 10 mg/kg Cd exposure during 
gestation, the fetus liver shows degenerative 
changes. In the present study, Cd caused 
severe liver toxicity also. The kidney is a critical 
target of Cd toxicity [16]. Cadmium can reach 
and accumulate in fetal kidneys and cause 
functional and pathological damage. Fetal kid-
ney damage is correlated with early kidney inju-
ry biomarkers in amniotic fluid samples [17]. In 
the present study, the increasing level of BUN 
and CRE in the maternal kidney function test 
indicated that renal function is damaged by Cd 
and CME+Cd. According to offspring histopa-
thology, CME+Cd caused more renal damage 
than Cd in male offspring. The results indicated 
that CME aggravated male renal toxicity in off-

spring. Cadmium exposure during lactation is 
related to the level of micronutrition in the 
intestinal tract [18]. In the present study, Cd 
and CME+Cd interfered with CL, P, and Ca lev-
els; the change may be associated with the 
renal damage. Whether or not the effects of Cd 
exposure, during pregnancy and lactation, on 
offspring kidneys are reversible remains to be 
determined [19]. The present study suggests 
that early life Cd exposure has an irreversible 
effect on offspring kidney injury.

Exposure to Cd during gestation and lactation 
delays development of offspring and the func-
tion of Leydig cells in male offspring [20]. 
Elbaghdady [21] also found that Cd causes tes-
tes damage. Numerous studies have found that 
Cd can also cause prostate cancer [22]. In this 
study, Cd exposure during gestation and lacta-
tion caused prostatic hyperplasia, and CME 
showed no protective effect on developmental 
toxicity induced by Cd. However, CME+Cd 
caused much more adverse effects than Cd in 
maternal rats. The results were confirmed in 
offspring litter weight and growth until the end-
point. Due to the severe retardation of physical 
development in the offspring, the exposure to 
Cd and CME+Cd was terminated after weaning. 
After 13 weeks, the adverse effect on offspring 
weight was not reversed. The results of a study 
by Blum [23] were consistent with the present 
study. Epidemiological studies have also con-
firmed that prenatal exposure to Cd led to seri-
ous consequences in the development of 
human individuals [24]. The present study also 
indicated that the CME aggravated Cd develop-
mental toxicity. 

Chronic Cd exposure causes systemic inflam-
mation through oxidative damage or other 
pathways [25]. According to the histopathology 
in the present study, the Cd caused skeletal 
muscle inflammation in male offspring rats. 
Cadmium destroys the oxidation-antioxidant 
balance in the heart, and eventually induces an 
inflammatory response [26]. An epidemiologi-
cal study also showed that Cd exposure results 
in anemia in humans, and Cd induced anemia 
is characterized by both inefficient hematopoi-
esis (iron deficiency and renal anemia) and 
hemolysis [27]. Maternal hematologic analysis 
revealed significantly lower values of RBC, HGB, 
HCT, and MCV in CME+Cd-fed and Cd-fed rats, 
and values in CME+Cd-fed rats were lower than 
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those of Cd-fed rats. Also, spleen and thymus 
organ coefficients increased in CME+Cd-fed 
and Cd-fed rats. The present study indicated 
that CME aggravated maternal hematologic 
toxicity. According to pathology and organ coef-
ficients, CME aggravated Cd cardiovascular tox-
icity in female offspring. 

In conclusions: For CME, there may be a protec-
tive effect against low dose of Cd exposure, but 
not against high dose Cd. Furthermore, CME 
aggravated the maternal and offspring toxicity 
of Cd. This study is only a preliminary explora-
tion of the combined toxicity of CME and Cd 
and indicates that the combined toxicity of 
heavy metals and plant extracts is complex. 
Further studies can explore the mechanism 
from multiple perspectives, such as metabo-
lism, antioxidant, and the influence of toxic 
pathways.
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