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Abstract
Soriatane (Acitretin) drug is a synthetic vitamin A analogue and the main metabolite of etretinate. It is considered 

to be the latest medicine prescribed to psoriasis patients. However, it is not used frequently because of its side-effect 
profile. Little is known about the Acitretin intestinal toxicity, so the objective of this study is evaluation of soriatane 
adverse events in daily practice treatment on the duodenum enterocytes of male rats. Two groups each of 10 Wistar 
male rats (5-6 weeks old), one of them is the treated group and the other is the control group. The drug was dissolved 
immediately in distilled water before administration, and given to treated rats by gastric intubation in the morning (0.2 
mg/kg/day for 12 months), while the control group received only distilled water. A significant reduction in number 
and height of villi with increased mucosal thickness. Damage in the duodenum tissues with villi fusion, distortion 
flattened epithelial cells; intense lamina propria and edema were observed. The ultra-structure alterations were 
indicated by Golgi apparatus, rough endoplasmic reticulum and mitochondrial atrophy with cristiolysis. Proliferation 
of smooth endoplasmic reticulum, nuclear deformity and increased number of liposomes were also noted. It may 
concluded that Soriatane led to irreversible ultra- structural alterations in rat enterocytes after 12 months treatment 
and precautions should be taken in prescribing acitretin to patients. 

Keywords: Soriatane; Psoriasis; Enterocytes; Histopathology; Ultra-
structure

Introduction
Soriatane (Acitretin) is a systemic retinoid and a time-honored 

treatment for psoriasis and some keratinization disorders [1,2]. It 
normalizes cellular differentiation and maturation, and it is used also as 
a chemo-preventive agent against cutaneous malignancies. However, 
it is not used frequently because of its side-effect profile [3]. There is 
no safe minimal dose of soriatane (acitretin) for use, a small amounts 
of acitretin can be converted into etretinate, which is 50 times more 
lipophilic and has a slower elimination half-life (from 80 to 175 days) 
[4,5]. After oral administration, its absorption may vary between 
individuals (from 36 to 95%) and elimination occurs by hepatic 
and renal paths [5]. The most serious adverse effect of soriatane is 
teratogenicity [5-7]. While, its long-term treatment caused side effects 
on vital body organs and fetus [8] and may cause hepatitis, nephritic 
and hepatic histopathological alterations [5,9-11]. 

Moreover, the metabolites of soriatane drug have side effects on 
stomach and intestine [12] and cause nausea, vomiting, diarrhea, 
abdominal pain [13]. There are inadequate histological studies on the 
effect of the soriatane in the intestinal tissue, hence, the present work 
aimed to evaluate toxicity of oral soriatane therapy on duodenum 
tissue in male rats.

Materials and Methods
Drug

Acitretin (Neotigason®) is a second generation synthetic retinoid 
and monoaromatic agent that has substituted etretinate (Tigason®) in 
the treatment of psoriasis. Some commonly used brand names are in 
the U.S and Canada Soriatane. Other commonly used names are 13-
cis acitretin, etretin, and isoetretin. Available in 10 mg, 17.5 mg, 22.5 
mg, and 25 mg gelatin capsules for oral administration. Chemically, 
acitretin is all-trans-9-(4-methoxy-2,3,6-trimethylphenyl)-3,7-dimeth-

yl-2,4,6,8-nonatetraenoic acid. It is a yellow to greenish-yellow powder 
with a molecular weight of 326.44. The structural formula is (Structure 
1): 

Each capsule contains acitretin, microcrystalline cellulose, sodium 
ascorbate, gelatin, black monogramming ink and maltodextrin (a 
mixture of polysaccharides) [2,5,14].

Tested animals

Twenty adults Wistar male rats (Rattus norvegicus albinus), average 
weight about 220 ± 7.5g, were used in this study. According to Krinke 
[15] and Rollman et al. [16] Wistar male rats Rattus norvegicus albinus
will be the logical strain point for histological research. Animals were
supplied by King Fahd Medical Researcher Center of Saudi Arabia,
placed in suitable cages, maintained in constant temperature at 17°-
21°C, with proper humidity (about 60%) and illumination following
the pattern of day and night. They were fed with industrial standard
diet formulation and water ad libitum. Rats were randomly divided
into two groups each group contained ten rats as follows: Group 1-
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control rats, they were orally given distilled water during the period of 
the experiment. Group 2- drug-treated rats were given single morning 
dose of (25 mg/kg 7days/week) according to Goodman and Gilman 
[17] and calculated to rats weight (0.2ml/kg) according to Paget and 
Darnes [18]. The doses were given via a stomach tube for 12 months 
according to OECD guideline [19] and Derelanko & Hollinger [20] 
and Hayes [21] on the design and conduct of chronic toxicity and 
carcinogenicity studies. During the experiment rats were observed for 
apparent signs of toxicity or behavioral alterations and body weight 
was weekly recorded. Rats were sacrificed 24 hours after the end of 
experimental period (12 months) by cervical decapitation.

Histopathological and cytological studies

2-5 cm from the proximal part of the small intestine was taken 
from control and treated groups (7rats from each group) and fixed 
in10% neutral buffered formalin and prepared for light microscopic 
examination [22]. For transmission electron microscope (TEM) 
small pieces from duodenum of both treated and control groups (3 
rats from each group) were immersed in Karnowsky solution (4% 
paraformaldehyde + 1% glutaraldehyde in a 0.1M sodium cacodylate 
buffer (7.4)) for two hours. The specimens were post-fixed in buffered 
1% osmium tetroxide (pH 7.4) at 4c for 2 hours [23], dehydrated in a 
graded ethyl alcohol series, cleared in propylene oxide and embedded 
in epoxy resin [24]. Semi thin sections stained with toludin blue and 
examined with light microscope. Ultrathin sections were double 
stained with uranyl acetate and led citrate and photographed by 
electron microscope Philips-CM100 at King Fahd Medical Research / 
Jeddah, Saudi Arabia.

Mucosal morphometrics

Mucosal thickness (from the base of the muscularis mucosa to 
the villus tip), villus height (from the base to the tip of the villus), and 
number of villi were determined per square millimeter on individual 
intestinal segments at ten separate microscopic fields for each animal 
section of tissue H & E stained using ocular micrometer-adapted 
light microscopy at a magnification of 40X, 100X [25]. The average 
and standard deviation for the treatment and control groups were 
calculated using the methods of statistical analysis t-test [26].

Evaluation of histopathological lesions score in rat duodenum

At the end of experiment, at least 10 (×40) fields from each section 
per rat were examined from control and treated sections tissues, and 
recorded the degree of their damages by a semi quantitatively method 
using a four points scale according to Kocan et al. [27] method and the 
scale was:

(0) [None]no damage. 

(1) [Scare] slightly damage. 

(2) [moderate] mild degree of damage or in specific regions. 

(3) [Severe] a high degree of damage and spread.

Statistical analysis 

It was work carried out on each different variable for body and the 
degree of tissue damage (lesion scores), using the t- test program and 
one-way analysis of variance ANOVA. Differences were considered 

significant at P<0.05. Using Windows SPSS 13.0 for statistical analysis 
of the data. 

Results 
The present work indicated significant reduction in the rats body 

weight after 12 months of the experiment in treated group (Table 1), as 
well as increased in the duodenum mucosal thickness with decreased 
villi number/mm² (Table 2). 

The histological and ultrastructural examinations of the duodenum 
from control rats showed that the intestinal villi are covered with a 
single layer of columnar epithelial cells characterized by the presence of 
regular microvilli at the apical surface (Figures 1a, 2a). The core of each 
microvillus is filled with fine filaments that extend from the dense tip 
of the microvilli into the terminal web underlying the striated border. 
There are frequent invaginations of the plasma membrane at the base 
of microvilli. Junctional complexes composed of a tight junction, 
a desmosome, and a gap junction were seen between neighboring 
epithelial cells, and many desmosomes are present along the remainder 
of the lateral plasma membrane; in the deeper portions the adjacent 
lateral plasma membranes interdigitate to a considerable degree (Figure 
3a). The cytoplasm of enterocytes is low electron density has widely 
scattered smooth-surfaced vesicles, and beneath the terminal web 
there are numerous mitochondria, electron-dense granules, smooth 
endoplasmic reticulum , multivesicular bodies, and mass of glycogen 
apically or basally to the rounded nuclei. The supranuclear cytoplasm 
contains short rough endoplasmic cisternae, scattered granules, and 
Golgi complexes (Figures 2a-d, 3a).

By using light microscope indicated that changes in the mucosal 
villi were in two patterns: The first form included villi fusion and loss 
in variable degrees associated with the duodenum mucosa epithelial 
atrophy (Figure 1b). Enterocytes disorganization and microvilli 
deterioration with disruption of desmosomes, terminal webs, tight 
junctions, and the lateral infolding were observed (Figures 3b,c). In 

groups Experimental periods
Group I Group II 

0days 
Mean
S.E
P

220g
±7.5
---

---
---

12months
 Mean
S.E
P

376.1g
±13.6
---

329.5g
± 10.29
0.002*

Table 1: The mean body weight for control and treated adult male rats at the end 
of experimental period.

*Significant (P < 0.05) by analysis of variance.
Mean ± standard error of the mean.

Group I Group II

Mucosal thickness (mm) 0.59± 0.018 0.67 ± 0.031*

Villous height (mm) 0.27 ±0.035 0.21 ± 0.058*

No. of villi/mm2 27±0.047 24±0.02*

*Significant (P < 0.05) by analysis of variance.
Mean ± standard error of the mean.
Table 2: Mucosal morphometrics for control and Acitretin adult male rats at the 
end of experimental period.
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addition to, the intestinal mucosa invasion by macrophages (Figure 
3d), polymorphism nuclei of necrotic enterocytes with condensed 
peripheral chromatin, and seemly lock nuclear pores were found 
(Figure 4a). The mitochondria appeared atrophy and cristiolysis, while, 
rough endoplasmic reticulum (RER) were fragmented, degranulated 
and atrophied. Clear proliferation of smooth endoplasmic reticulum 
(SER), and increased ribosomal granules also noted (Figure 4b).

The second form of enterocytes acitretin toxicity was severe villi 
shortening with villi core edematous and architectural distortion which 
displayed a flattened epithelial cell with ultra-structural abnormalities 
(Figures 1c-e). Hence, the flattened cells showed evidence of cellular 
injury, such as prominence of vacuolar degeneration, nuclear 
deformity, irregular nuclear membrane, high electron density of 
necrotic mitochondria, and increased in number of liposomes (Figures 

 

Figure 1: A) Transverse section of duodenum from control rats: showing 
the villi covered with two cell types: a single layer of columnar epithelial cells 
(enterocytes) (arrows) and goblet cells (head arrows). H&E,X1000. 

B-E) Transverse sections of duodenum from soriatane treated rats: (b) 
showed decrease in number of villi, fusion of villi ( arrow), atrophy (head 
arrow),.H&E,X400. (c) villi stunting (arrows).H&E.X400. (d) edematous (o) of 
the lamina propria. H&E. X1000. (e) flattening of the epithelial cells with villus 
core inflammation and villi distortion. H&E. X 1000.

 

Figure 2: A-D) Electron micrographs of duodenum from control rats: (a) villus 
central core, macrophages (Ma), lymphocyte (Lc), and plasma cell (Pc).X1450.
(b) columnar enterocytes(Ec) with rounded nuclei(N) and mitochondria (M), note; 
lateral infolding (head arrows) filled with a flocculent material. X2600. (c) low 
electron density of enterocyte cytoplasm, short cisternae of rough endoplasmic 
reticulum (RER) closely associated with mitochondria (M), a mass of glycogen 
granules (Gl) apically to the nucleus (N). X19000. (d) Golgi apparatus (Go), also 
note, mitochondria(M) ,RER and primary lysosomes (Ly). X25000.

 

Figure 3: A) Electron micrographs of control enterocyte showed microvilli 
terminal web (Tw),tight junction (Tj), desmosomes (De), small widely scattered 
smooth-ER(SER) and mitochondria (M). X19000.
B-D) Electron micrographs of doudenum from soriatane treated rats (b) fusion 
villi and lose their brush border, enterocytes disorganization (arrow). X850. (c) 
higher magnification of figure (a) showed macrophages migration (Ma) through 
mucosa layer. X2600. (d): electron dens necrotic mitochondria(M),fragmentation 
and degranulation of rough ER (head arrows), increased ribosomal numbers 
(R), deformed desmosomes (De),terminal web (Tw), tight junction (Tj),with 
affected microvilli (arrows). X19000.

 

Figure 4: A, B) Electron micrographs of soriatane treated enterocytes: (a) 
disruption of lateral infoldings (arrows), and nuclei (N) polymorphism of necrotic 
enterocytes with increase peripheral chromatin ,lose nuclear pores, X5800. (b) 
microvilli deterioration (Bb), mitochondrial cristiolysis (M), SER proliferation 
(head arrows), degranulation and atrophied of RER(arrows), increased 
ribosomal numbers (R). X19000.
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5a-c). In addition, a severe inflammation with increased number 
of neutrophils, macrophages, plasma cells, lymphocytes have been 
observed (Figure 5d). 

Evaluation of histopathological lesions scores

The histopathological scores are abstracted in table 3. The villi 
shortening, fusion and cellular infiltration were highly significantly (p 
< 0.01) increased in the soriatane treated-duodenum when compared 
to the villi loss and microvilli damage scores. 

Discussion
The present results suggest that decreased body weight following 

long-term exposure to soriatane may underlie the reduced food 
appetite, emaciated and developed diarrhea or bloody diarrhea which 
observed in78% (7-8/10) or 23%(2-3) of animals respectively. Similar 
findings were noted previously on rats received acitretin drug [9-11]. 
However, Shen et al. [28] suggested that the enzymes of the gut wall 
may represent an important and highly sensitive site of metabolically-
based interactions for orally administered drugs. This indicate that 
the soriatane administration changed fecal flora which led to the 
functional disturbance of the intestinal epithelium, as expressed by 

reduced enzymic activity of the enterocytes and may present a key 
factor in the development of the pathophysiological events [29]. Hence, 
hypertrophied of mucosal layer may be due to increased scores of 
inflammation and edematous tissue. 

The present results agree with some studies using light and 
electronic transmission microscopy described normal rats duodenum 
histology [30-33]. The recent histological findings in villi were atrophy, 
loss of normal architecture, necrosis associated by congestion of 
blood vessels, edema and inflammation. Similar results were reported 
in liver and kidney tissues of rats received oral acitretin for three 
months [9-11]. Van Ditzhuijsen et al. [34] indicated severe histological 
manifestations followed treatment with acitretin in a 50-year-old 
female. The vacuolations of enterocytes observed in this work was 
confirmed by Cheville [35] who conducted that these cytoplasmic 
vacuoles are responsible for collecting the injurious elements and 
preventing them from interfering with the biological activities of cells. 
Furthermore Sanad et al. [36] suggested that the cellular degeneration 
might be attributed to liberation of acid hydrolysis released from the 
destructed lysosomes to facilitate the process of autolysis. It was evident 
that the degenerative changes appeared earlier in the cytoplasm than 
in the nuclei, which explained that the nuclear damage is a sequence 
of cytoplasmic damage [37]. Corresponding to current study, some 
clinical studies have shown that retinoids bind to nuclear receptors, 
altering the expression of a variety of genes [5-7], which led to 
functional efficiency of the cells nuclei [38]. The pathological changes 
in mitochondria have been fully documented in rodents as swollen or 
atrophy [39]. The mitochondrial cavitations could be an important 
indicator of cellular damage leading to loss of functional efficiency. 
Moreover, the mitochondrial destruction may be due to disturbance of 
calcium ions Ca+2 into cells [40], or block the ATP synthesis [41], or may 
be due to loss of mitochondria membrane permeability [42] or change 
the cellular pH [43]. Ghadially [38] reported that rough ER swelling or 
atrophy may reflecting the change of function activity. While, in early 
stages of cytotoxicity the reproduction or proliferation of smooth ER by 
oxidative effort can be shown to counter the adverse effects associated 
with an increase of detoxification enzymes [44,45]. Several studies have 
shown that encapsulation of a potent immunosuppressive drug within 
a lipid bilayer to form liposomes can alter its bio-distribution profile 
and half-life [46]. Hence, this explains increased liposomal number in 
affected enterocytes. The cellular infiltration of the lymphocytes and 
macrophages could be signs of chronic inflammation [35,47], where 
macrophages engulfed the causes of damage and injuries tissues while 
lymphocytes produce anti-toxins and accelerate cell healing [45,47]. 
Additionally, Zhou [48] revealed the integrity of the intestinal epithelial 
barrier plays a crucial role in maintaining symbiotic homeostasis 
between microbes in the gut lumen and eukaryotic cells. Disruption 
of intestinal epithelial barrier function occurs commonly under 
various pathological conditions, including trauma, inflammatory 
bowel disease, and drug-induced gastrointestinal toxicity, exhibiting 
increased intestinal epithelial paracellular permeability or “leakiness” 
of the intestinal mucosa. Cheville [35] confirmed that activation of 
macrophages occurs in the presence of particulate material and strong 
microbial antigens. 

Conclusion
In the experimental model using Wister male rats (Rattus 

norvegicus albinus), the dose of 25 mg/kg /day administered by 
the oral route for long therapy have been proved to be induction of 
gastrointestinal adverse effects. The above findings have not yet been 

 

Figure 5: A-D) Electron micrographs of villi from soriatane treated mucosa: 
(a) cytoplasmic degeneration (head arrows) and necrotic enterocytes (arrows). 
X4600. (b) necrotic enterocyte containing electron dens atrophied mitochondria, 
necrotic nucleus with irregular nuclear membrane and increased number of 
liposomes. X7900. (c) higher magnification of figure (b) showed atrophied 
mitochondria and membranous lipid vacuoles. X25000. (d) villus core: 
showed capillary expanded and congestion, edema(O), increased number 
neutrophils(Ne), macrophages(Ma), plasma cells(Pc) and lymphocytes (Lc). 
X1450. 

 Control group  Soriatane -treated group

Villus loss 0.07 ±0.32 2.52 ±0.71*

Villus shortening 0.03 ±0.42 3.40 ±0.70**

Villus fusion 0.06 ±0.32 2.70 ±0.68**

Microvilli damage 0.07 ±0.32 2.50 ± 0.53*

Cellular infiltration 0.10 ±0.12 2.70± 0.80**

*Significant (P < 0.05) high significant **p < 0.01.
L.S. 0: non; 1: scare; 2: moderate; 3: sever; No. of individual = 7

Table 3: Scoring values of the damage in the histopathological analysis of the 
experimental groups.
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described earlier, which represent a useful model for investigation the 
side effects of Soriatane. The safety profile of oral Soriatane appears 
to be well established, although rare new side effects are occasionally 
reported. Appropriate patient selection, use of the lowest required 
dose, and adequate follow-up are significant factors in the prevention 
of these toxicities.
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