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ABSTRACT

Background: The aim of the present study was to evaluate whether the HMG (Hyperplasia of the Mammary Gland)
effect of RuXian-I in estrogen- and progestogen- induced HMG rats is mediated through the activation of MAPK
(Mitogen activated protein kinase) and NF-kB signaling pathways. Materials and methods: Fifty virgin female Wistar
rats were randomly divided into i control and HMG, RuXian-1 (0.75 g-kg ™!, 1.5 g'kg !, 3 g-kg™!, respectively) groups,
10 in each. Injections of estrogen and progestogen were given to establish rat models of HMG and RuXian-I at the same
time. Changes in nipple heights were measured; pathologic changes of HMG in rats were also observed under a light
microscope; the phosphorylation levels of MAPK and NF «B and the expression levels of TNF-a and IL-1p were
measured. Results: Compared with the control group, the nipple diameters and height were increased significantly, the
numbers of MG lobules were increased, there were changes in breast histopathology, the levels of TNF-a and IL-1B
increased significantly, and MAPK and NF-kB were activated in HMG rats. Compared with the HMG model group, the
increased nipple height was decreased, the numbers of MG lobules were reduced, the degree of HMG in rats was alleviated
obviously, and the phosphorylation level of MAPK and NF-kB and cytokines TNF- o and IL-1f levels in serum were
decreased by RuXian-I treatment. Conclusion: Those results suggest RuXian-I has protective and therapeutic effects on
HMG rats induced by estrogen and progestogen and is likely to activate MAPK and NF-kB signaling pathways.
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regulatory mechanism in the body to inhibit the HMGU %, especially

Mongolian medicine plays an important role in treating diseases!!!!.

The traditional Mongolian medicine RuXian-I provided by the
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Affiliated Hospital of Inner Mongolia University for Nationalities is an empirical formula specifically to use
for the treatment of HMG in clinical based on the principles of traditional Mongolian medicine. RuXian-I is
composed of 30 ingredients, which are Herba Leonuri Japonici, Fructus Amomi Rotundus, Flos Caryophylli,
Fructus Gardeniae, Rhizoma Gymnadeniae Conopseae, Semen Myristicae, Cornu Cervi Pantotrichum,
Cordyceps and so on!'?, These herbs themselves have a variety of biological activities, including anti-
allergic!!, antioxidant!"! and anti-tumor!"®!, anti-inflammation'®! activity. RuXian-I was used to treat
thousands of patients with HMG in our hospital and the cure rate was 98%. Although there is a good effect,
little is known about the mechanism.

HMG takes place through the activation of multiple intracellular signaling pathways involved in
inflammation reaction!'”'8), Among the existing signaling pathways, mitogen-activated protein kinase (MAPK)
and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB) signaling pathways are key
regulators of the inflammatory processes!!®?%. The MAPK families are activated in response to various
extracellular stimuli and regulate essential cellular events!'®). The activation through phosphorylation of three
major MAPK (p38, ERK1/2 and JNK) has been shown to promote inflammatory gene expression in
macrophages, thus controlling different steps in the pro-inflammatory cytokine production process?!?2!, NF-
kB is a ubiquitous nuclear transcription factor that plays a major role in the regulation of many genes that
encode for mediators of immune and inflammatory responses!?*. Activation of several key proteins of MAPK
and NF-«kB signaling pathways initiates the transcription of numerous genes, including inflammatory factors,
such as the expression of tumor necrosis factor (TNF)-o, IL-1B and IL-6!**%], and has been associated with the
development of multiple types of diseases such as breast cancer, multiple myeloma, neuroblastoma?®-28, HMG
is also involved in the inflammatory process!'”-!8], Therefore, in this study, to clarify whether MAPK and NF-
kB signaling pathway are activated by estrogen and progestogen and whether RuXian-I can inhibit the key
proteins of these two pathways and inhibit the inflammatory response in HMG.

In brief, the anti-HMG effects of RuXian-I in estrogen combined with progestogen induced HMG rats
was evaluated. Acute and long-term toxicity, anti-inflammatory activity, changes of the nipple height and
diameter, pathologic changes of HMG in rats, the phosphorylation level of MAPK and NF-kB and the
expression levels of TNF-a and IL-1p were performed.

2. Materials and methods

2.1. Animals

Virgin female Wistar rats weighing 180-220 g for drug treatment and acute toxicity test (90 rats) and
100-140 g for long-term toxicity test (50 rats) and Kunming female mice weighing 18-22 g (60 mice) for
granuloma test were supplied by Experimental Animal Center of Jilin University. The rats were raised in a
quiet, temperature- and humidity-controlled room (20-25 °C and 50-60%, respectively) with a 12 h light/dark
cycle and provided with rodent chow and water ad libitum, adaptively to a week before use. We compared
survival in all groups throughout the treatment. All animals were carefully monitored, and the number of dead
rats was recorded every day.

2.2. Toxicities of RuXian-I in rat
2.2.1. Acute toxicity

Forty rats were randomly assigned into 2 groups (n = 20). Rats were respectively administered with
normal saline (20 mL-kg !, i.g.) in the control group and RuXian-I (16.32 g-kg!, i.g. the maximum allowable
concentration of 40.8% of the test, the Mongolian Medicine Manufacturing Room of the Affiliated Hospital
of Mongolia University for Nationalities) in administration group twice daily for 14 days. During the
experiment, whether the toxic reaction and animal deaths were observed for 14 consecutive days.



2.2.2. Long-term toxicity

Four groups (n = 30) of rats weighing 100—140 g were designed, one control group, three dose groups of
RuXian-1(0.75 g'kg ™!, 1.5 g'kg™!, 3 g'kg!, respectively, i.g.). Each group of rats was administered once a day
for 6 days and stopped for 1 day for 26 weeks. The control group was given the same volume of normal saline.
During the trial period, the appearance, behavior, body weight, food intake, hematology and blood
biochemistry of the rats were measured regularly. The main organs of the high dose group and the control
group were subjected to histopathological examination at the end of the 13th week, the end of the 26th week
and the 3rd week after the withdrawal, respectively.

2.3. Anti-inflammatory effects
2.3.1. Cotton pellet induced granuloma

Sixty mice were anesthetized by ether. Sterile cotton pellets (5 + 0.5 mg, penicillin infiltration sterilization
drying) were implanted in the mice bilateral axillary subcutaneous, and then sutured. Then according to body
weight, mice were divided into 5 groups, the control group, the aspirin group, and the RuXian-I low, medium
and high dose group. The animals received aspirin (300 mg-kg '), RuXian-I1 (0.75 g'kg ™', 1.5 g'kg ™!, 3 g'kg ™',
respectively), once a day through an oral cannula over 15 consecutive days. The control group was given the
same volume of distilled water. On the 15th day, the mice were sacrificed, and the cotton pellet were taken out
and dried in an oven at 80 °C for 6 h and weighed. The increase in weight of cotton pellet (Wgranuioma) Was
determined and used for further calculation. Wyeqy was the weight of mice.

Granuloma index (mg) = W granutoma / (Whody * 10)
Granuloma Inhibition rate (%) = (W granutoma (control) — W granutoma (treatment)) / W granutoma (contro) X 100%
2.3.2. Croton oil causes air cysts

Each group of rats was anesthetized by ether, poured into 20 mL of air in the back of the scapular sc, then
injected 1% croton oil (1 mL) into the airbag, and immediately turned the back of the rat slowly down to croton
oil and capsule tissue in full contact. The gas inside the capsule was pumped after 24 hours. Sixty rats were
randomly divided into 5 groups (n = 10), the control group, aspirin 210 mg-kg !, RuXian-I (0.75 g-kg™!, 1.5
g'kg !, 3 g'kg!, respectively), once a day through an oral cannula over 10 consecutive days. The control group
was given the same volume of distilled water. The rats were sacrificed 24 h after the last administration.
Intracapsular exudate was measured, and the hyperplastic granulation tissue is stripped, washed thoroughly in
physiological saline, dried in an oven at 80 °C, and weighed.

2.4. Animal model and drug treatments

The rats were randomly assigned into 5 groups (n = 10). Ten rats as normal control group were
administered with olive oil (Sigma-Aldrich) intramuscularly (0.25 mL-kg ') for 30 days, and rats in the other
were administered with Estradiol Benzoate (Hangzhou Animal Medicine Factory) intramuscularly (0.5
mg-kg!) for 25 days and followed with Progesterone intramuscularly (5 mg-kg', Zhejiang Xianju
Pharmaceutical Co. Ltd) for 5 days. Then, rats in normal control group and HMG control group were received
normal saline (10 mL-kg!, i.g.) for 30 days, while rats in low-dosage, middle-dosage and high-dosage
treatment group were treated with RuXian-I (0.75 g-kg™!, 1.5 g'kg™!, 3 g-kg™!, respectively, i.g.) for 30 days.
During the experiment, the rats’ second pair of the left and right nipple diameters and height was measured
until termination.

2.5. Histopathology observation

Tissues of the right MG on the right side between the second and third nipples from all groups were
separated and fixed in 4% paraformaldehyde, embedded in paraffin, sectioned into 4 um pieces, stained with
Haematoxylin-Eosin (H&E), observed under light microscopy, took photos and analyzed.



2.6. Protein fraction

The tissue samples from mammary tissues (100 mg, n = 6 per group) were ground in liquid nitrogen.
Whole-tissue protein fractions were repeatedly obtained by with 4 °C precooling RIPA Lysis buffer (Pierce,
Rockford, IL, USA) for ice bath supplemented with protease inhibitor cocktail and phosphoric acid protease
inhibitor cocktail (Roche, Indianapolis, IN, USA) on ice bath, and placed for 1 h, 12,000 rpm, centrifugation
of 10 min at 4 °C. Nuclear and cytoplasmic protein from mammary tissues were obtained by homogenization
in cytoplasmic buffer and determined using BCA protein assay kit (Beijing Tiangen Biotech Co. Ltd).

2.7. Western blotting

Twenty micrograms of protein were electrophoresed in a 10% SDS-PAGE gel and transferred onto a
PVDF membrane (Bio-Rad, Hercules, CA, USA). Extracellular signal-regulated kinase (ERK), phosphor (p)-
ERK, p38, p-p38, stress-activated protein kinase (SAPK)/c-Jun N-terminal kinase (SAPK/JNK), p-SAPK/JNK,
nuclear factor (NF)-kB, p-NF-kB, IkB, p-IxB and B-actin (diluted 1:1000 in 3% bovine serum albumin (BSA);
Cell Signaling, USA) was then added to the membrane. Anti-rabbit alkaline phosphatase-conjugated secondary
antibody (diluted 1:2000 in 3% BSA; Santa Cruz, CA, USA) was used to detect the target proteins. After
incubation for 2 h at room temperature, bound antibodies were visualized using an enhanced
chemiluminescence (ECL) detection reagent (Amersham Pharmacia, Piscataway, NJ, USA). Relative band
densities were determined using a computerized densitometry system.

2.8. ELISA

After termination, the rats were euthanized 1 h after the last drugs administration, and the blood samples
were collected from abdominal aortic. The serum samples were obtained by centrifuge at 3500 rpm for 10 min
after coagulated in 4 °C overnight. The serum samples were used for the determination of the levels of sex
hormone and stored at —80 °C until biochemical assays were performed. Rat serum cytokine concentrations
were quantified using a mouse tumor necrosis factor (TNF)-a, interleukin (IL)-1p ELISA kit (BD Bioscience,
San Jose, CA, USA) according to the instruction of ELISA test kits.

2.9. Ethical approval

This study has been approved by the Institutional Ethics Committee of Ethics Committee of Affiiated
hospital of Inner Mongolla Universlty for The Nationalities Appraval Noticeand (NM-LL-2018-12-18-04) and
has followed the principles outlined in the Declaration of Helsinki.

2.10. Statistical analysis

All values were expressed as the means + SD. Data was analyzed using the SPSS17.0 statistical software.
Data among the groups were analyzed by homogeneity test of variances expressed in forms of standard
deviation. The comparison of multiple sample means was used with One-way ANOVA test. All experiments
were performed at least three times. P < 0.05 was accepted as significant. The statistic and graphic software
GraphPad Prism (Version 5, GraphPad Software, Inc. La Jolla, CA) was used for all statistical and graphic
analysis.

3. Result

3.1. Toxicities
No significant acute toxicity was observed and no death within 14 days, no significant changes in serum

hormone levels and in organ toxicity were found at 16.32 g-kg.

Rats were given intragastric administration for 26 weeks, and no significant changes in behavioral activity,
appearance signs, body weight, food intake, hematology and serum biochemistry, organ location, appearance
morphology, histopathological changes and delayed pathological changes were found at the dose 0f0.75 g-kg ™!,
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1.5 g'kg !, 3 g'kg ™! (data not shown). The toxic dose of RuXian-I is greater than 3 g-kg™'.

3.2. Effect of RuXian-I on anti-inflammatory in rats

3.2.1. Cotton pellet induced granuloma

Table 1 indicated that the 1.5 g-kg ' and 3 g-kg ! dose of RuXian-I exhibited a significant and doserelated
inhibition of the dried weight of the cotton pellet granuloma, compared to the control group (P < 0.01). The
inhibitory values for 0.75 g'kg™!, 1.5 g'kg™!, 3 g'kg' of RuXian-I were 14.34%, 22.71%, and 30.28%
respectively. Aspirin inhibited granuloma tissue formation with a value of 26.29%, a lower value than that
observed with the 3 g'kg' dose of RuXian-I. RuXian-I had the effect of inhibition of proliferative
inflammation, but its inhibition of inflammatory hyperplasia is not as good as aspirin.

Table 1. Effect of oral administration of RuXian-I in mice cotton pellet induced inflammation.

Groups Dosages (g-kg™") Animals Granuloma weight (mg)  Inhibition rate (%) p
Control - 10 50.20 +10.49 -

Aspirin 300 mg-kg! 10 37.00 +£10.85 26.29 P<0.01
RuXian-1 0.75 10 35.00+7.15 14.34 P>0.05
- 1.5 10 38.80£12.21 22.71 P<0.05
- 3 10 430+7.76 30.28 P<0.01

3.2.2. Croton oil causes air cysts

High-dosage treatment group significantly inhibited the inflammatory exudate and granulation tissue
hyperplasia caused by croton oil compared with the control group (P < 0.01), but its anti-inflammatory effect
was not as good as that of aspirin (P < 0.01, Figure 1).
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Figure 1. Effect of RuXian-I on air cysts caused by croton Oil, The inflammatory exudate and cyst weight in different groups.
Values are the mean + S.D. * P <0.05, ** P <0.01, *** P <0.001 vs. control group.

3.3. Effect of RuXian-I on the nipple height and diameter in rats

The nipple height and diameter (left 2 and right 2) was measured at the end of the experiment. The nipple
height and diameter were enlarged in HMG model group on estrogen and progestogen-inducted (P < 0.01 vs.

control group), while this indicator showed a dose dependent alleviation in RuXian-I-treated group (P < 0.01
vs. HMG group, Figure 2).
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Figure 2. Effect of RuXian-I on the left and right nipple diameter and height changes at the end of the administration.
Values are the mean £ S.D. * P <0.05, ** P <0.01, *** P <0.001 vs. HMG group.

3.4. Effect of RuXian-I on MG histopathologic changes in rats

To evaluate the degree of hyperplasia in HMG rats, H&E staining was performed on MG sections in each
groups. Histopathologic examination of MG in the control group showed normal histological architecture: no
proliferative lesions, fewer acinars, no mammary duct secretion, no mammary duct ectasia and no expansion
of mammary lumens. And there was no significant stromal hyperplasia (Figure 3A).

Mammary epithelial cell in HMG group irregularly arranged, histological abnormalities in model rat
mammaries also showed apparently hyperplasy, lobules significantly increased and expanded, numbers of
acinars increased, mammary ducts ectasia, expansion of mammary lumens. However, no mammary tumors
were observed (Figure 3B).

In all RuXian-I treated group, the number and size of rat MG lobules and acini and cavity secretions were
less than the HMG group. Catheter lumen and volume become smaller in treatment groups (Figures 3C, 3D,
3E). Especially in the high-dosage group, RuXian-I (3 g-kg ') markedly alleviated the degree of HMG,
mammary lobules significantly lowered, numbers of acinars decreased, no obviously mammary ducts secretion
(Figure 3E).

Figure 3. Histological image of MG tissue (original magnification, 400%). (A) control group; (B) HMG group; (C) 1.0 g-kg™'
RuXian-I group; (D) 1.5 g-kg™! RuXian-I group; (E) 2.0 g-kg™! RuXian-I group.

3.5. Effects of RuXian-I on NF-kB and MAPK activation in rats

To elucidate whether the inhibition of the secretion of inflmmatory mediators by RuXian-I is mediated
through the activation of MAPK signaling pathways, we evaluated several key MAPK signaling molecules (ie,
p38, ERK1/2, and JNK) in control group, HMG group and RuXian-I group, by western blotting studies. Figure
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4A indicates that the estrogen and progestogen treatment induced a strong phosphorylation of ERK1/2, p38
and JNK that peaks (p < 0.001 vs. control group), and these were decreased by RuXian-I (p <0.01). The three
proteins in RuXian-I middle dose group seemed to be obviously lower than those in RuXian-I high dose group.

Following, we investigated the inhibitory effect of RuXian-I on NF-xB activation by assessing the
phosphorylation level of p-IkB-a, IkB-a and p-p65 protein, by western blotting studies. As depicted in Figure
4B, the stimulation of rats with the estrogen and progestogen resulted in an obvious phosphorylation of IkB-a
and p-p65 (p < 0.001 vs. control group). Comparing with the HMG group, it is evident that RuXian-I leads to
a significant inhibition of p-IkB-a and p-p65 at dose of low, middle and high (p < 0.05), and these decreases
were accompanied by dose-dependent reductions. In the case of [kB-a, HMG group was importantly decreased
(p < 0.001 vs. control group), while RuXian-I-treated group was importantly increased (p < 0.01 vs. HMG

group).
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Figure 4. (A) Effect of RuXian-I on MAPK signaling pathways; (B) Effect of RuXian-I on NF-KB signaling pathways.
Values are the mean + S.D. * P <0.05, ** P <0.01, *** P <0.001 vs. HMG group.

3.6. Effects of RuXian-I on TNF-a and IL-1p level in rats

we evaluated the levels of cytokines TNF-a and IL-1B using ELISA. Levels of TNF-a and IL-1B were
increased in HMG group (p < 0.001 vs. control group). RuXian-I significantly reduced the level of TNF-a in
a dose-dependent manner, compared to the HMG group. The level of IL-1p was decreased by RuXian-I high
dosage treatment (Figure 5).
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Figure 5. Effect of RuXian-I on the expression of TNF-a and IL-1p.
Values are the mean + S.D. * P <0.05, ** P <0.01, *** P <0.001 vs. HMG group.

7



4. Discussion and conclusion

Toxicity results indicate that RuXian-I has no acute toxicity at 16.32 g-kg™' and long-term toxicity at the
dose 0of 0.75 g'kg™!, 1.5 g'kg™!, 3 g'kg ™! for HMG rats induced by estrogen and progestogen. Comparing with
the HMG group, the MG of group given 0.75 g-kg !, 1.5 g'kg ™!, 3 g-kg ' RuXian-I also recovered well, the
heights and diameters of nipples, lobule volumes, numbers of mammary lobules and acinars remarkably
decreased in different degree.

This study provides evidence that RuXian-I acts as an anti-inflammatory agent in chronic inflammation
model mice and rats. The inflammatory granuloma and inflammatory exudate are the typical feature of the
established chronic inflammatory process. The cotton pellet granuloma method has been widely employed to
evaluate the proliferative components of chronic inflammation, because the dried weight of the pellets is

closely related to the number of granulomatous tissues!?”’,

Activation of MAPK and NF-kB signaling molecules plays an important role in different aspects of
mammary development?®*®*!). The MAPK pathway is strongly implicated in morphogenesis of branched
epithelial tissues, including salivary gland®®*¥, kidney®*!, lung**! and so on, but less is known about the role of
MAPK flux in mammary morphogenesis. p38 MAPK, a key player in the inflammatory responses, is involved
in stress-induced gene expression!?2°2¢! and its activation has a crucial role in controlling the expression of
TNF-0*7). Similarly, ERK and JNK kinases are also known as stress-activated proteins-7*1 A study
revealed that modulation of MAPK by cell polarity mechanisms is required during mammary development®,
Persistent MAPK pathway activation undermines mammary epithelial organization!*”). Our results confirm this
statement, that is, the activation of p38, ERK1/2, and JNK occurred the estrogen and progestogen-treated
mammary gland, and RuXian-I significantly reduced their phosphorylated states, showing that RuXian-I exert
their protective effects against inflammatory responses partly by blocking the MAPK signaling pathways.

The activation of the MAPK pathway is crucial for the subsequent activation of NF-kB signaling
complex!**2], Aberrant NF-kB activation can lead to pre-malignant changes in the breast’®!!. NF-xB is a
ubiquitous nuclear transcription factor that plays a critical role in the regulation of many genes that encode for
mediators of immune and inflammatory responses!?*. Under physiological conditions, NF-kB is sequestered
into the cytosol by IkB protein*}l. Upon inflammatory stimuli, including TNF-a, IxB-a is phosphorylated and
subsequently degraded, which enables NF-kB to migrate to the nucleus***”). NF-«xB then binds to its specific
promoter region, and initiates the transcription of numerous genes, including inflammatory factors, such as IL-
1B, IL-6, TNF-0/?*. In addition, many studies showed that the activation of NF-kB is mediated by a wide
variety of upstream signals, including the MAPK (p38, ERK1/2, and JNK)“5% The MAPK are sensitive to
stimulators that cause oxidative stress, including metal neurotoxicity!??. In the present study, level of serum
inflammatory factors, IL-1p and TNF-a, was elevated in HMG. Thus, inhibition of NF-kxB signaling following
acute inflammation or the initial signs of hyperplastic growth could represent an important opportunity for
breast cancer prevention®!l. As already presented, pre-treatment with RuXian-I significantly increased the
cytosolic level of IxB-a, while it reduced NF-xB expression in the nucleus of HMG cell. This suggested that
RuXian-I inhibited NF-kB subunit translocation from the cytoplasm to the nucleus and thereby inhibited the
DNA binding activity of NF-xB in MG cell, suggesting that RuXian-I impedes NF-«B activation in HMG cell.
In summary, the Ruxi-I therapeutic mechanism first inhibits MAPK signaling pathway, then inhibits NF-xB,
and then reduces the release of inflammatory cytokines TNF-o and IkB-a, thereby reducing the inflammatory
response of HMG.

This paper provides evidence that RuXian-I acts as anti-inflammatory agent in HMG model rats and has
protective and therapeutic effects on HMG rats by blocking the MAPK and NF-«xB signaling pathways and
adjusting secretion of TNF-o and IL-1f. This paper provides a strong theoretical basis for basic research on
the potential drug Ruxi-I in clinical treatment of HMG. Ruxi-i may bring good news to HMG patients all over
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the world in the future.

There are also some limitations in this study: First, the development process of HMG is complex, and the
evolution process of its mechanism cannot be better explained. Second, Ruxi-I is composed of a variety of
Chinese herbs and has a variety of pharmacological effects, and it is unclear whether there are other
mechanisms that can shield HMG. Third, our experimental model was female rats, and clinical HMG patients
were both male and female, mainly middle-aged women. Therefore, our findings may just provide some hints
for the treatment of female clinical patients.
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