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Background: Senna, one of the major stimulant laxatives, is 
widely used for treating constipation. Chronic senna use has 
been reported to be associated with colonic disorders such 
as melanosis coli and/or epithelial hyperplasia. However, 
there is no obvious information on the influence of chronic 
senna use on organs except for the intestine. Objective: To 
clarify the influence of senna laxative use on skin barrier 
function by repeated senna administration. Methods: 
Eight-week-old male hairless mice received senna (10 
mg/kg/day) for 21 days. After administration, we evaluated 
transepidermal water loss (TEWL), and investigated the bio-
markers in plasma and skin using protein analysis methods.  
Results: Fecal water content on day seven was significantly 
increased; however, on day 21, it was significantly de-
creased after repeated senna administration. In the senna-ad-
ministered group, TEWL was significantly higher compared 
to the control on days seven and 21. Plasma acetylcholine 
concentration and NO2

−/NO3
− were increased on days sev-

en and 21, respectively. In skin, tryptase-positive mast cells 
and inducible nitric oxide synthase (iNOS)-positive cells 
were increased on days seven and 21, respectively. The in-
crease of TEWL on days seven and 21 was suppressed by the 
administration of atropine and N(G)-nitro-L-arginine methyl 

ester, respectively. Conclusion: It was suggested that diar-
rhea or constipation induced by repeated senna admin-
istration caused the impairment of skin barrier function. 
There is a possibility that this impaired skin barrier function 
occurred due to degranulation of mast cells via cholinergic 
signals or oxidative stress derived from iNOS. (Ann Dermatol 
29(4) 414∼421, 2017)
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INTRODUCTION

In the clinical setting, constipation is often observed. 
Constipation, although not life-threatening, can cause 
much discomfort affecting the quality of life. Laxatives are 
widely used for treating constipation. When a constipation 
symptom continues, a laxative will be administrated chro-
nically. In a recent multi-national survey of patients with 
chronic constipation, between 16% and 40% reported 
that they used laxatives, with almost two-thirds using them 
on at least a monthly basis1.
Plants of senna that contain anthranoid derivatives such as 
sennoside are frequently used as cathartics. Chronic senna 
use has been reported to be associated with colonic dis-
orders such as melanosis coli and/or epithelial hyper-
plasia2. However, there is no obvious information on the 
influence of chronic laxative use on organs except for the 
intestine. Our previous study revealed that mast cells and 
3,4 dihydroxyphenylalanine-positive cells in the colon 
were increased after repeated administration of senna. 
Further, in skin, the number of Langerhans cells decreased 
by repeated senna administration3. The skin barrier func-
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tion plays an important role in protecting against the pene-
tration of microbial pathogens and allergens, and against 
excessive transepidermal water loss (TEWL)4. In the epi-
dermis, Langerhans cells also maintain physiological ho-
meostasis via immune reaction against foreign antigens5. 
Regarding immunological defenses, both the intestine and 
skin are very important. One of the major intestinal tract 
diseases is inflammatory bowel disease (IBD), which occa-
sionally complicates skin disorders as extraintestinal mani-
festations6. Additionally, the skin barrier function was im-
paired via mast cells in a small intestine-injured mouse 
model7. Further, in mice with colitis or colon cancer, the 
impaired skin barrier function occurred with destruction 
of type I collagen8,9. These findings implicated a close re-
lationship between the skin and colon. The skin barrier 
function may be affected by various intestinal diseases; 
however, the detailed mechanism is not clear. In this 
study, we investigated the effect of repeated senna admin-
istration on skin barrier function in mice.

MATERIALS AND METHODS 
Animal treatment 

Seven-week-old hairless Hos:HR-1 mice were obtained 
from Japan SLC, Inc. (Shizuoka, Japan) and housed in 
stainless steel wire mesh-bottomed cages with a constant 
temperature of 23°C±1°C, relative humidity of 50%±10%, 
and 12-hour light and dark cycles, as described pre-
viously3. Mice were provided laboratory chow and water 
ad libitum. After an acclimation period of 1 week, the 
mice were randomly assigned to four groups (n=5/group), 
including the control, sennoside, sennoside+atropine, 
and sennoside+N(G)-nitro-L-arginine methyl ester 
(L-NAME) groups. Mice in the sennoside, senno-
side+atropine, and sennoside+L-NAME groups were giv-
en senna (10 mg/kg/day, postorally; Suzu Pharmaceutical 
Co., Ltd., Osaka, Japan) once a day for 21 days. Further, 
the sennoside+atropine and sennoside+L-NAME groups 
were intraperitoneally administered with atropine (1 
mg/kg/day, once a day; Wako, Osaka, Japan) and L-NAME 
(20 mg/kg/day, once a day; Cayman Chemical, Ann Arbor, 
MI, USA), respectively. All mice were killed after 21 days 
of treatment with pentobarbital anesthesia. The animal 
protocol for this study was approved by the Animal Care 
Regulations Committee of the Suzuka University of 
Medical Science.

Measurement of body weight, fecal weight, and fecal 
water content

On days zero, seven, 14, and 21 after administration, the 
body weight, fecal weight, and fecal water content were 

measured. Feces were collected and weighed when seen, 
and then dried for ＞24 hours at 70°C in a ventilated 
oven. The fecal water content was calculated from the dif-
ference between the fecal wet weight and dry weight, and 
the fecal moisture percentage was obtained as the ratio of 
fecal water content to fecal wet weight.

Measurement of transepidermal water loss and the skin 
hydration level

TEWL and the skin hydration levels of the dorsal skin were 
respectively measured using a TewameterⓇ TM300 and 
CorneometerⓇ CM825 (Courage+Khazaka Electronic 
GmbH, Cologne, Germany) on days zero, seven, 14, and 
21, according to previously described methods7.

Measurement of plasma acetylcholine, tumor necrosis 
factor alpha, interferon gamma, and NO2

−/NO3
− 

concentrations

All mice were euthanized using pentobarbital anesthesia 
on days zero, seven, 14, and 21. Immediately following 
euthanization, a 1 ml blood sample was collected from 
each mouse by cardiac puncture. We measured the plas-
ma acetylcholine concentrations using an Acetylcholine 
Assay Kit (Cell Biolabs, San Diego, CA, USA). We meas-
ured plasma tumor necrosis factor alpha (TNF-α) and in-
terferon gamma (IFN-γ) using the respective en-
zyme-linked immunosorbent assay kits (R&D Systems, 
Minneapolis, MN, USA and eBioscience Inc., San Diego, 
CA, USA, respectively) according to the manufacturer’s 
instructions. Plasma NO2

−/NO3
− levels were also meas-

ured as a surrogate marker for inducible nitric oxide syn-
thase (iNOS) expression using the NO2/NO3 Assay Kit-C 
II (Colorimetric) and Griess Reagent Kit (DOJINDO 
Molecular Technologies, Inc., Kumamoto, Japan) for each 
nitric oxide (NO) radical.

Immunohistochemical staining for mast cell tryptase 
and iNOS in skin

After euthanization and blood sampling, tissue samples 
were isolated from the dorsal skin, followed by fixation in 
phosphate buffered saline (PBS) containing 4% para-
formaldehyde. Fixed tissue specimens were embedded in 
Tissue Tek Optimum Cutting Temperature Compound 
(Sakura Finetek, Tokyo, Japan), frozen, and cut into 5-μm 
thick sections. Sections were then stained with hematox-
ylin and eosin (H&E) according to established procedures. 
Other skin specimens were washed with PBS and in-
cubated overnight at 4°C with one of the following pri-
mary antibodies: goat polyclonal anti-mast cell tryptase 
(1:50; Santa Cruz Biotec, Inc., Santa Cruz, CA, USA) and 
rabbit polyclonal anti-iNOS (1:100; Santa Cruz Biotec, 
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Fig. 1. Effects of repeated senna 
administration on mice (A) body 
weight, (B) fecal weight, and (C) 
fecal water content. Blue circle is 
the control group. Red circle is the 
sennoside group. (D) H&E stain in 
control and sennoside group. *p
＜0.05 compared with the control. 
Scale bar=100 μm. 

Inc.). After staining, specimens were washed in PBS and 
incubated at room temperature for 2 hours with fluo-
rescein isothiocyannate-conjugated anti-goat or anti-rabbit 
immunoglobulin. Protein expression was evaluated im-
munohistochemically with a BX51 fluorescent microscope 
(Olympus, Tokyo, Japan). The number of tryptase-positive 
mast cells or iNOS-positive cells was determined using the 
software program ImageJ (National Institutes of Health, 
Bethesda, MD, USA).

Statistical analyses

All data were presented as mean±standard deviation. 
Student’s t-test was used to compare the means of two 
groups, and differences were considered statistically sig-
nificant at a p-value of ＜0.05.

RESULTS 
Measurement of mouse body weight, fecal weight, and 
fecal water content

Fig. 1 shows the transition of body weight (Fig. 1A), fecal 
weight (Fig. 1B), and fecal water content (Fig. 1C). Body 
weight in the sennoside group was gradually decreased 
compared with that in the control over 21 days. The feces 

weight and fecal water content in the sennoside group in-
creased to approximately 1.5 times that in the control on 
day seven, and diarrhea was observed. However, on day 
21, the feces weight and fecal water content in the senno-
side group were almost half that in the control. Fig. 1D 
shows H&E stain after treatment. There was no apparent 
skin disruption in both control and sennoside group.

Measurement of plasma acetylcholine, TNF-α, IFN-γ, 
and NO2

−/NO3
−

The transition of plasma concentrations of acetylcholine, 
TNF-α, IFN-γ, and NO2

−/NO3
− over 21 days are shown 

in Fig. 2. Senna administration resulted in a drastic in-
crease in plasma acetylcholine on day seven. However, 
the plasma acetylcholine concentrations in the sennoside 
group was decreased, and were the same level as that of 
the control on days 14 and 21. Conversely, the plasma 
levels of TNF-α, IFN-γ, and NO2

−/NO3
− in the senno-

side group were similar compared to those in the control 
on days seven and 14; however, they were significantly 
increased on day 21.



Influence of Senna on Skin Barrier Function

Vol. 29, No. 4, 2017 417

Fig. 2. Plasma concentration of (A) acetylcholine, (B) tumor necrosis factor alpha (TNF-α), (C) interferon gamma (IFN-γ), and (D) 
NO2

−/NO3
−. Blue circle is the control. Red circle is the sennoside group. *p＜0.05 compared with the control. 

Fig. 3. (A) Immunohistochemistry of mast cell tryptase (arrows) and the number of mast cell tryptase in the skin. (B) Immunohistochemistry 
of inducible nitric oxide synthase (iNOS) (arrows) and the number of iNOS-positive cells in the skin. Blue circle is the control. Red 
circle is the sennoside group. *p＜0.05, **p＜0.01 compared with the control. Scale bar=100 μm.

Immunohistochemistry of mast cell tryptase and 
inducible NO

Immunohistochemical analysis of mast cell tryptase and 
inducible NO in the skin of mice is shown in Fig. 3. The 
number of tryptase-positive mast cells in the skin of mice 
was significantly higher in the sennoside group than in the 
control on day seven. On days 14 and 21, there were no 
significant differences in the number of tryptase-positive 
mast cells between the control and sennoside groups. The 
induction of iNOS-positive cells in the sennoside group 

was increased over time. The number of iNOS-positive 
cells was significantly higher in the sennoside group than 
in the control on days 14 and 21.

Effect of coadministration of atropine or L-NAME

After coadministration of atropine or L-NAME, transition of 
body weight, fecal weight, plasma acetylcholine, TNF-α, 
and NO2

−/NO3
− in sennoside+atropine group and in 

sennoside+L-NAME group were similar to that in senno-
side group (Fig. 4A∼E). In sennoside+atropine group, sig-
nificant increase in iNOS positive cells on day 21 was 
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Fig. 4. Transition of (A) body weight, (B) fecal weight, (C) plasma acetylcholine, (D) tumor necrosis factor alpha (TNF-α), (E) NO2
−/NO3

−, 
(F) number of mast cell tryptase, and (G) inducible nitric oxide synthase (iNOS) positive cells. Blue circle is the control. Green square 
is the sennoside+atropine group. Red triangle is the sennoside+L-NAME group. *p＜0.05 compared with the control. L-NAME: 
N(G)-nitro-L-arginine methyl ester.

observed. On the other hand, significant increase in mast 
cell tryptase on day 7 was observed in sennoside+ 
L-NAME group (Fig. 4F, G).

Measurement of TEWL and skin hydration

Fig. 5 shows the transition of TEWL and the skin hydration 
level over 21 days. There were significant differences in 
TEWL between the sennoside and control groups on days 
seven and 21. Likewise, there were significant differences 
in the skin hydration levels between the sennoside and 
control groups on days seven and 21 (Fig. 5A). However, 
significant differences in TEWL and the skin hydration lev-
els on day seven were not observed between the senno-
side+atropine and control groups (Fig. 5B). Further, sig-
nificant differences in TEWL and the skin hydration levels 
on day 21 were not recognized between the senno-
side+L-NAME and control groups (Fig. 5C). 

DISCUSSION 

In the present study, the impairment of skin barrier func-
tion was caused by repeated senna administration in hair-
less mice. Diarrhea and constipation occurred sequen-
tially on days seven and 21 by daily senna administration, 
respectively. According to the transition of fecal symp-
toms, mast cell tryptase and iNOS-derived NO in the skin 
of hairless mice were increased on days seven and day 21, 
respectively. Therefore, mast cell tryptase and oxidative 
damage by NO seemed to be key factors in the patho-
genesis of impaired skin barrier.
Rhein, the active metabolite of sennoside laxatives, acti-
vates chloride secretion by excitation of submucosal neu-
rons and the release of acetylcholine10. In our study, ad-
ministration of senna for seven days caused diarrhea, and 
plasma acetylcholine concentration was increased (Fig. 
2A). Further, increased TEWL and a decreased skin hydra-
tion level were observed on day seven, which indicated 
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Fig. 5. Transition of TEWL and the skin hydration level over 21
days. (A∼C) Blue circle is the control. (A) Red circle is the
sennoside group. (B) Green square is the sennoside+atropine
group. (C) Open triangle is the sennoside+L-NAME group. *p＜0.05
compared with the control. TEWL: transepidermal water loss,
L-NAME: N(G)-nitro-L-arginine methyl ester. 

destruction of the skin barrier (Fig. 5A). Concomitant ad-
ministration of atropine, which is an antagonist of ace-
tylcholine receptor (AChR), recovered the same levels of 
TEWL and skin hydration at baseline (Fig. 5B). These data 
indicated that the impairment of skin barrier function on 
day seven was associated with acetylcholine. On day sev-
en, there was a significant increase of mast cells in the 
skin (Fig. 3A). Mast cells have AChRs, and degranulation 
of mast cells is regulated by these receptors11-13. Destruc-
tion of the skin barrier on day seven may have involved 
the degranulation of mast cells via cholinergic signals. 
Further, there are several neuronal and/or non-neuronal 
cholinergic systems in the skin14,15. Nicotinic and muscar-
inic AChRs colocalize on the mast cell surface. These li-
gand-activated receptors are positively and negatively 
regulated16,17. In addition to mast cells, various cells such 
as keratinocyte and fibroblast maintain skin homeostasis 
through these cholinergic systems18,19. They may exhibit 
diverse actions through the cholinergic system. It is 
thought that a complicated outbreak mechanism of im-
paired skin barrier function via acetylcholine exists.
Conversely, on day 21, the moisture content of feces and 
the fecal weight were significantly decreased (Fig. 1B, C), 

which indicated that constipation occurred in mice. 
Repeated senna administration caused functional intes-
tinal disturbance20 and epithelial hyperplasia21. Therefore, 
it was suggested that structural change of the intestine was 
also caused in mice receiving senna. In IBD, one of the 
representative diseases of the intestine, the colonic epi-
thelial hyperplasia is dependent on iNOS22. TNF-α and 
IFN-γ produced by IBD lead to the production of iNOS23, 
which introduce NO24,25. Repeated senna administration 
in hairless mice also induced the upregulation of TNF-α 

and IFN-γ; further, NO2
−/NO3

−, which is a surrogate 
marker of NO, was also increased (Fig. 2B∼D). Accordin-
gly, oxidative stress derived from NO may participate in 
the onset of epithelial hyperplasia due to chronic senna 
administration. Furthermore, in skin, iNOS-positive cells 
were increased on day 21 (Fig. 3B), and skin barrier im-
pairment occurred (Fig. 5A). Damage to the skin barrier 
on day 21 was ameliorated by the administration of 
L-NAME, which is an iNOS inhibitor. It is suggested that 
the impairment of skin barrier function on day 21 was 
caused by oxidative stress derived from iNOS induced by 
TNF-α and IFN-γ. To clarify the detailed mechanisms of 
skin disruption, we will perform another experiment and 
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administer an anti-tryptase antibody or antioxidant to di-
rectly block tryptase or oxidative stress in further research.
There have been several reports about the toxicity of 
chronic senna administration on the intestine26,27, how-
ever, there is no report about the toxicity on skin. 
Significant body weight loss was observed after senna 
treatment, however, weight loss was less likely to have an 
influence on the skin barrier function because similar ten-
dency was also observed in other groups. This current 
study suggests that repeated senna administration may ag-
gravate underlying diseases of the skin such as atopic der-
matitis and senile xerosis. The number of tryptase-positive 
mast cells and iNOS-positive cells in skin varied according 
to the duration of senna administration. Therefore, the on-
set mechanisms of impaired skin barrier function would 
be different on days seven and 21. Further study to clarify 
the role of molecular markers involved in neuronal and/or 
non-neuronal signal transduction from the intestine to the 
skin is needed.
This study suggested the possibility that repeated senna ad-
ministration affects the skin barrier function. Clinicians and 
pharmacists should pay attention to the skin as well as the 
intestine in patients receiving long-term senna treatment, 
especially in those who are suffering from dermatoses. 
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