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ABSTRACT
The aim of this study is to prevent the severity of psoriasis disease and cardiovascular risk by modulating the
immune function and inhibiting the inflammatory process by a novel drug Atorvastatin. Inflammation is a
primary factor affecting many autoimmune diseases. Epidemiological studies showed that immunoinflammatory diseases like psoriasis are associated with a greater morbidity and mortality due to cardiovascular
risk. It is an interventional experimental study, divided in two phases. One phase was preclinical study
conducted on adult Wistar Albino rats and the other phase was clinical study on psoriatic patients of chronic
plaque type. The efficacy and safety profile of drug was measured preclinically by morphological study of rat’s
myocardium thus clinically it measured by PASI, DLQI, CRP, LFTs and Lipid profile of psoriatic patients.
Results of this study revealed that in psoriatic patients the immune mediated inflammation with cardiovascular
events was prevented by Atorvastatin. Therefore an additional benefit is achieved in psoriatic patients. Firstly it
modulates the immune function and inhibits inflammatory process, secondly it protects them against
cardiovascular risk.
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INTRODUCTION
Immuno-inflammatory diseases or autoimmune
diseases are caused by 150 genetic conditions and
majority of them life lasting. These diseases are
mostly detected late in life, when the patient
experiences an organ damage [1]. The autoimmune
diseases and atherosclerosis have many similarities.
There are many common pathogenic pathways of
inflammation that are parallel to each other [2].
Such as rheumatoid arthritis shows an activation of
macrophages, endothelium and TH1 and TH2
helper T-cell ratio imbalance [3, 4]. In systemic
lupus erythematosus the auto- antibodies, TNFα
and IL10 induce vascular injuries and thrombosis
[5]. Psoriasis is chronic, recurrent immune
mediated inflammatory disease with genetic
predisposition. The purpose of this study is to

reduced severity of a disease and inhibit
cardiovascular risk by hampering the immuno
inflammatory process of psoriasis by Atorvastatin.
The hallmark of psoriasis and cardiovascular risk is
an immune mediated inflammatory process. There
are many theories that prove that both are related to
each other .One theory states that both are initiated
by T-lymphocytes such as Th1 and Th17. The
activation of inflammatory cells, chemokines,
cytokines and the growth factors have a key role in
pathogenesis of psoriatic plaque and atherosclerosis
[6, 7].
Doxorubicin is an anthracycline antibiotic, used as
an anticancer drug. The cytotoxic effect of
doxorubicin is produced by inhibition of an enzyme
Topoisomerase II (DNA gyrase), which blocks the
synthesis of RNA and DNA by generation of a free
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radical [8]. Another strong association between
oxidative stress and inflammation is cytokines
release [9, 10]. The most important proinflammatory cytokine is released after doxorubicin
induced toxicity is tumor necrosis factor α (TNFα)
which produces cardiac damage [11].

Clinical Study: In this interventional study out of
the selected 75 psoriatic patients, 70 patients were
able to complete the study. Patients were
prescribed Atorvastatin 80 mg for first three
months followed by 40 mg for next three months.
The total duration of this study was 180 days with
six follow up visits including both male and female
ranging between the age of 25-65 years having
PASI scoring of >7 up to 12 with a CRP of
≥3.Those patients who had recent statin and steroid
therapy in the previous one month and a history of
any other illness or pregnancy and lactation were
not included in this study group.

Atorvastatin is a well-known, economic,
antihyperlipidemic drug and has an antiinflammatory as well as immuno-modulatory effect
[12]. Statins competitively inhibit 3-hydroxy-3methylglutaryl
coenzyme
A
(HMG-CoA)
reductase, which catalysis the cholesterol synthesis
[13]. Mevalonate is the precursor not only of
cholesterol but also of many nonsteroidalisoprenoid compounds. Statin blocks synthesis of
geranylated proteins which are responsible for the
proliferation and migration of smooth muscle cells
which causes growth of atherosclerotic and
psoriatic
plaque.
Atorvastatin
suppresses
intercellular adhesion molecules (ICAM-1),
leukocyte function associated-1 (LFA-1), and Creactive protein (CRP) level. It also inhibits
expression of major histocompatibility complex
(MHC) class II molecules on macrophages,
endothelial cells and smooth muscle cells. Nitric
oxide generation is another important function of
Atorvastatin
involved
in
psoriasis
and
cardiovascular risk. Dose of Atorvastatin is 10-80
mg/dl while its half-life is 14 hrs [14]. Adverse
events are rare and include myopathy and abnormal
liver enzymes [15].

The efficacy of drug was assessed by Psoriasis
Area and Severity Index (PASI).The current gold
standard for assessment of extensive psoriasis is the
Psoriasis Area and Severity Index (PASI).
Fredriksson and Pettersson created PASI in1978 as
a method to evaluate the clinical efficacy of a new
treatment for psoriasis. The highest potential
known score is 75 and the lowest is 0 [17]. A PASI
>12 defines severe, PASI 7–12 moderate, and PASI
<7 mild psoriasis [18, 19]. PASI improvement
explained by Rodgers et al. (2011) [20] are 50%,
75% and 90 %. FDA approved that 50%
improvement in PASI would mean the treatment is
efficient clinically [21].
C-reactive protein triggers inflammation that
increases in psoriasis [22]. CRP is used for global
index of disease severity .Monitoring CRP level
can serve as an important prognostic factor while
assessing response to treatment [23]. Elevated
levels of CRP may be an independent risk factor
for CVD in patients with psoriasis. The plasma
levels of CRP in most healthy subjects is usually 1
mg/L [24].

MATERAL AND METHODS
Preclinical Study: Ninety laboratory breed adult
Albino Wistar rats (30 in each treatment groups)
were divided equally into three groups. Group A
(Control), Group B (Doxorubicin toxicity), Group
C (Atorvastatin + Doxorubicin). All animals
weighing between 150-200 mg were taken in this
experimental innovative study, approved by ethical
committee of Jinnah Post Graduate Medical Center,
Karachi. The animals were kept at room
temperature and lighting was maintained. Standard
laboratory animal feed was provided and
supplemented with a free access of water. During
assigned times of the experiment, rats from each
group were anesthetized and sacrificed 1 week
after the last dose of the injection. The thoracic
cavity was rapidly opened, exposing the beating
heart, which was then excised, washed with
physiological saline and processed for histological
study by light microscopy. Billingham scale for
grading anthracycline induced cardiotoxicity used
to assess the biopsy slides as explained by Berry et
al. (1998) [16].

Quality of life was evaluated by dermatological life
quality index which was assessed on the first day of
enrollment and finally reassessed after the therapy.
Dermatological life quality index is a useful index
for clinical grading of patients. It is used in
accordance to instructions given by Finlay and
Khan (1994) [25].
Psoriasis is associated with dyslipidemia, a risk
factor for cardiovascular diseases. Atorvastatin
decreases the S-Triglyceride, S-LDL, Cholesterol
and increases S- HDL [26].
Safety profile of Atorvastatin measured by Liver
function test and Creatine phosphokinase level.
LFTs performed to analyze liver enzymes which
are essential in the monitoring liver diseases. CPK
is increased in muscle damage as Atorvastatin
induces myopathy and liver damage [27, 28].
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Statistical Analysis: Data was analyzed using
SPSS version 21 (IBM). Initially, the data was
entered on SPSS. Descriptive statistics were
performed. Categorical variables were presented as
frequency (percentages) and quantitative variables
were presented as Mean ± SD. Initially, the preclinical results were analyzed. The variables were
compared among the groups using the chi- square.
The mean scores were compared using One Way
ANOVA with post-hoc comparison. Subsequently
the clinical data of Psoriatic patients was analyzed.
The demographic characteristics were presented as
frequency (percentages) and quantitative variables
were presented as Mean ± SD. The lipid profile,
Liver
Function
Test
(LFT),
Creatine
Phosphokinase, Psoriasis Area and Severity Index
(PASI), C - reactive protein (CRP) and
Dermatological Life Quality Index (DLQI) were
compared at the baseline, three months follow-up
and six months follow-up by using the Repeated
Measure ANOVA. The percentage change of
PASI, CRP and DLQI were compared at three
months and six months by using t –Test. Finally,
the adverse events were reported as percentages.
For all sets of analysis p-value < 0.05 was
considered significant.

revealed altered architecture of cardiac muscle with
focal morphological changes. In Atorvastatin
pretreated Group all changes of Doxorubicin
toxicity were prevented.
Table 2 illustrates Billingham scale for grading of
anthracycline induced cardiotoxicity, as Grade 0
means no evidence of anthracycline toxicity, 0.5
means not completely normal but no evidence of
anthracycline damage, Grade 1 means early
myofibrillar loss, damage to 5% of all cells, Grade
1.5 means similar to Grade 1 but damage to 6% to
15% of all cells. Grade 2 means Clusters of
myofibrillar loss and/or vacuolization, with the
damage to 16%-25% of all cells. Grade 2.5 means
Clusters of myocytes affected by myofibrillar loss
and/or vacuolization with the damage to 16%-25%
of all cells and Grade 3 means severe diffuse
myocyte damage (> 35% of all cells). In this study
the myocardial biopsy of control and Atorvastatin
pre-treated Group occupied Grade 0.5 and
doxorubicin Group expressed grade 2.
These histopathological changes of myocardium
(vacuolization, infiltrate, loss of myofibrils,
pyknosis, interstitial oedema and congestion of
vessels) in all three Groups were illustrates in
Figure 1, Figure 2 and Figure 3. On post hoc
analysis highly significant difference were found
between Group A (control) and Group C
(preventive) with Group B (toxic)
and no
significant difference was found between Group A
(control) and Group C (preventive).

RESULTS
In preclinical study four rats of DOX- Group, three
rats of Atorvastatin pre-treated and Control Groups
died during the observational period. The general
appearance of rats in Doxorubicin- Group’s
revealed the development of a pink tinge and red
discharge from eyes and nose, abdominal
enlargement and a gross weight loss. Decreased
consumption of food and water was noticed as
compared to the control and Atorvastatin pretreated
group. Table 1 illustrates the comparison of three
Groups after four weeks of treatment followed by
microscopic study of myocardium.

In clinical study the demographic data of Table 3
and Figure 4 illustrates that most of the patients
were smokers, positive family history of psoriasis,
disturbed sleep and moderate PASI score. Table 4
illustrates that Atorvastatin showed highly
significant change in outcome variables (PASI,
DLQI and CRP). Atorvastatin have significant
effects on lipid profile of psoriatic patients. Safety
profile of different doses of Atorvastatin at
different intervals as it illustrates in Table 5.
Patients complained mostly nausea while none of
the patients complained of myopathy or other
adverse events even in higher doses of Atorvastatin
as illustrated in Figure 5.

Control Group showed myocardium arranged in
regular striations with centrally placed nucleus, no
degeneration or necrosis was observed and the
myocardium had a normal size and acidophilic
cytoplasm.
In
doxorubicin
group
the
histopathological changes of rats heart tissue
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TABLE 1: Comparison of Biopsy Variables among Three Groups
Control
Doxorubicin
(Group A)
(Group B)
(27)
(26)

Atorvastatin
Doxorubicin
(Group C)
(27)

&

P-value

Cytoplasmic Vacuole
No
27 (100)
Yes
0 (0)
Interstitial Oedema
No
25 (92.6)
Yes
2 (7.4)
Hemorrhage
No
22 (81.5)
Yes
5 (18.5)
Fragmentation of Cardiomyofibrils
No
27 (100)
Yes
0 (100)
Hyalinization
No
27 (100)
Yes
0 (0)
Necrosis
No
27 (100)
Yes
0 (0)
Inflammatory Infiltrate
No
27 (100)
Yes
0 (0)
Pyknosis
No
27 (100)
Yes
0 (0)
Loss of Myofibrils
No
27 (100)
Yes
0 (0)

8 (30.77)
18 (69.23)

24 (88.9)
3 (11.1)

0.001

7 (29.6)
19 (73.1)

23 (85.2)
4 (14.8)

0.001

7 (29.6)
19 (73.1)

21 (77.8)
6 (22.2)

0.001

23 (88.5)
3 (11.5)

27 (100)
0 (0)

0.039

23 (88.5)
3 (11.5)

27 (100)
0 (0)

0.039

25 (96.2)
1 (3.8)

27 (100)
0 (0)

0.349

14 (53.8)
12 (46.2)

27 (100)
0 (0)

0.001

25 (96.2)
1 (3.8)

27 (100)
0 (0)

0.349

13 (50)
13 (50)

27 (100)
0 (0)

0.001

TABLE 2: Comparison of Mean of BILLINGHAM SCALE GRADE among Treatment Groups
Group A
(n = 27)
Mean ± SD

Group B
(n = 26)
Mean ± SD

Group C
(n = 27)
Mean ± SD

P-value

0. 11 ± 0.21

1.94 ± 0.22

0.20 ± 0.32

0.0001
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Histopathological Changes in Three Groups

FIGURE 1
Doxorubicin Induced Cardiotoxicity (Group-B): Cytoplasmic vacuoles, interstitial Oedema and inflammatory
infiltration between irregular wavy cardiomyocytes (H and E x 40)

FIGURE 2
Control (Group-A): Normal architecture of myofibrils (H and E× 40)
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FIGURE 3
Atorvastatin Pretreated (Group-C):
Normal architecture of myofibrils with mild oedema (H and E: x 10.)
TABLE 3: Demographic Characteristics of Patients
VARIEBELS
Age (Years)
Gender
Male
Female
Family History
History of Smoking
Sleep Disturbed
Duration of Disease
Mild-PASI < 7
Moderate PASI (7-12)

GROUP A
47.89 ± 8.23
54 (77.15)
16 (22.86)
37 (52.85)
44 (62.86)
70 (100)
5.09 ± 2.18
3 (4.28)
67 (95.72)

FIGURE 4: Location of Lesion
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TABLE 4: Comparison of Outcome Variables (Psoriasis Area and Severity Index, C reactive protein &
Dermatological Life Quality Index) among Patients at the Baseline and follow-ups
Outcome Variables

Baseline

Psoriasis Area and Severity Index (PASI)
(Percentage Change)
CRP
(Percentage Change)
Dermatological Quality Of Life (DLQI)
(Percentage Change)

10.892 ± 1.19
3.96 ± 0.55

19.6 ± 1.98

Three Months
Follow-up
3.821 ±0.448
(64.918±1.509)
3.26 ± 0.53
(17.617±4.93)

-

Six
Months
Follow-up
2.718 ± 0.315
(75.073±.369)

P-value

2.57 ± 0.58
(35.156±8.78)

0.001

5.63 ± 0.52
(71.053±3.464)

0.001

0.0001

TABLE 5
Comparison of Biochemical Parameters in Patients at the Baseline and Follow-ups
VARIABELS
Total Cholesterol (mg/dl)
Triglyceride (mg/dl)
High Density Lipid (mg/dl)
Low Density Lipid (mg/dl)
Alanine Aminotransferase (U/L)
Aspartate Aminotransferase (U/L)
Gamma Glutamyl Transferase (U/L)
Alkaline Phosphatase
Total Billirubin (U/L)
Creatine Phosphokinase (U/L)

Baseline

Third
Months
Follow-up
174.30 ±4.92
138.62 ±2.88
39.30 ± 1.21
130.19 ±4.24
35.085 ± 5.383
35.614 ±3.195
37.600± 4.318
94.085 ±12.639
0.595 ±0.144
83.042±14.272

193.73 ± 4.98
145.71 ± 2.81
38.16 ± 1.33
140.90 ± 5.00
34.900±5.432
35.457±3.317
37.514±3.802
94.014±12.492
0.577± 0.121
82.814±14.505

FIGURE 5
Adverse Events in patients
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Six
Months
Follow-up
139.16 ± 5.10
119.61 ± 3.19
42.37 ± 0.98
107.83 ± 4.88
35.228 ± 5.351
35.600 ±3.793
37.885± 4.428
94.144± 12.863
0.602± 0.163
82.128 ±17.139

Pvalue
0.001
0.001
0.001
0.001
0.264
0.494
0.227
0.950
0.274
0.151
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During a clinical study the demographic data of
psoriatic patients were heavy smokers that showed
disturbed sleep [35]. Psoriasis Area and Severity
Index (PASI), is used to measure the progress of
disease after and before the treatment. By using this
index a researcher can easily explain the efficacy of
drug. The most common sites were elbows, knees,
scalp, umbilicus and lumbar area [36]. In this study
69 patients revealed PASI- 50 and one patient was
reported with PASI-75 at the end of the six months.
One study reported that 40 mg Atorvastatin
improved PASI change upto 75% but their sample
size was small. However in our study the PASI
change in patients showed that the drug was
effective and safe [37].

DISCUSSION
Atorvastatin having remarkable effects on psoriasis
and it is associated with cardiovascular risk. It has
multiple responses on psoriatic patients. It reduced
the severity of disease and modulates dyslipidemia
with hsCRP. Therefore Atorvastatin decreased
cardiovascular events by pleiotropic effects to
amend immune system and thus hampering the
inflammation. Preclinical study showed, significant
results that supported the clinical study. Chronic
inflammation leads to atherosclerosis which causes
cardiovascular risks. Psoriasis is associated with
cardiovascular events under the influence of
inflammation, its association was broken by a
single drug therapy with Atorvastatin.

The base line hsCRP was 3.96 ± 0.55 in this study.
As CRP is the marker of inflammation and
cardiovascular risk [38]. It is the excellent
predictive marker for psoriasis disease severity
before and after the treatment [23]. The mean
percentage changed from the base line to six
months were 35.16 ± 8.79 in psoriatic patients.
Atorvastatin modulates inflammatory process and
reduced LDL –c and CRP by reducing the IL1 and
TNFα [39]. A clinical Miracl study which
illustrated that Statin reduced 83% CRP from
baseline.

Doxorubicin is the anticancer drug but due to its
cardiac toxicity its use is limited in oncology. In
this study Group B (Doxorubicin induced
cardiotoxicity) reported the mean of Grade 2
toxicity, which was assessed by seven-point
Billingham scale of biopsy [16]. The
morphological changes in myocardium includes
vacuolar degenerations, vascular dilatation/
congestion, marked oedema and inflammatory cells
infiltrate with focal loss of myofibrils, pyknosis,
necrosis and fibrosis [29]. All variables of seven–
point scale of biopsy were prevented in Group C
(Atorvastatin pretreated-group). A significant
difference was found between Group A (control)
and Group B (cardiotoxic) but there were no
significant changes between Group A and Group C
(Atorvastatin pretreated) on histopathological study
of rat’s myocardium [30].

DLQI at baseline were 19.6 ± 1.98. The greater
health problems occurred in older people where
psychological stresses mainly affected younger
persons as observed in this study [40]. The mean
percentage change of DLQI at the end of six
months were 71.05 ± 3.46 in patients. Psoriasis
vulgaris exerted negative psychological and social
impact on life and health of patients. They have
worst effect on their working and limitation in
relationship with relatives mainly due to scaling of
lesions [41, 42]. The lipid profile including total
cholesterol, LDL, HDL and triglyceride were at
upper limit. These values showed proatherogenic
level of lipid [43]. Therefore psoriasis leads to
dyslipidemia which is the most common cause of
cardiovascular risk. Various external and internal
factors lead to proatherogenic type of lipid profile
results. These factors include genetic influence,
smoking, sedentary lifestyle, stresses and increase
in oxidative injuries which increases morbidity of
cardiovascular diseases [44]. The first follow up of
laboratory investigations at the third months after
the treatment, showed significant difference in lipid
profile in patients from the baseline. The mean
percentage change of lipid profile showed that
Atorvastatin in high doses produced considerable
change from baseline, in this study the dose of
Atorvastatin is high as 80mg in the first three
months followed by 40 mg in the last three months
[31, 45].

Psoriasis
induces
an
immune
mediated
inflammation which leads to cardiovascular events
and dyslipidemia. The key factors of psoriasis and
cardiovascular events are Th1 and Th17, over an
expression of MHC-II and LFA-1, the release of
cytokines such as TNFα, IL6, IL1, and CRP which
is a strong biomarker and predictor of
cardiovascular risk. Dyslipidemia itself acts as one
of the major risk factors of cardiovascular events
[31, 32]. All these factors induce a pathological
change in cardiomyocytes, day by day in the same
mode as Doxorubicin induced cardiotoxicity which
is time dependent from vacuolization to loss of
myofibrils. It is not possible to take patients heart
biopsy so this phase was performed on rats.29 The
changes noticed in general appearance in
Doxorubicin- Group B rats developed a pink tinge
and red discharge from eyes and nose, abdominal
enlargement, gross weight loss and lethargic. The
fur became messy. They showed a decreased in
food and water consumption as compared to the
control and Atorvastatin pretreated Group [33, 34].
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secondly protects them against the cardiovascular
risk.

All safety profile in this study such as LFT, and
CPK statically showed non-significant change from
baseline to third months and six months.
Atorvastatin in low doses and high doses have the
same adverse events as in placebo Groups [46, 47].
CURE-ACS trial proved that Atorvastatin 80 mg
and 40 mg was safe and well tolerated [48]. The
most important function of statin is reduction of Tcell proliferation and MHC-II class expression
which is an important mechanism in autoimmune
diseases such as psoriasis in relation to
cardiovascular events [49].
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Conclusion: Atorvastatin can possess a double
benefit for patients, firstly it modulates the immune
function and inhibits the inflammatory process and
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