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"Change does not necessarily assure progress, but progress implacably requires change. 

Education is essential to change, for education creates enchanting desires and the competence to 

satisfy them. Our motto is to enlighten, inspire young women to set their hearts on fire, give 

wings to their dreams and to craft our institution, a quintessential arena to hone their power of 

knowledge to acts as ambassadors of change and guiding angels of progress." 

I went through the articles and other content published in this magazine. They amply 

demonstrate the communication skills, poetic prowess, imagination and creativity, humor and 

humanism, technical competence, and patriotism of the contributors. I wish this maiden attempt 

all success. Let there be more contributions in future. 
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Principal & Professor 

"Dr. M Sudhakar has an experience of 30 Years in the field of teaching and administration. He is 

resourceful person for various AICTE workshops. His 100 research publications and 150 

research paper presentations of national and international order, stands as testimony to his 

strengths. He is bent on making this college in to one of the most sought after centers for 

excellence, through its quality education and research orientation. He is the life member of 

professional bodies like IPA, APTI and IPGA. He is the executive member of APTI (AP branch). 

He is the member of board of studies for pharmacy in Osmania University. Under his successful 

guidance one candidate was awarded Ph.D by JNTUniversity, Hyderabad. He guided 8 Ph.D 

candidates .At present he is guiding 6 candidates for Ph.D Programs. He is the resource person 

for video lectures in pharmaceutics."" 
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economic environment striving continuously for excellence in pharmacy education, research and 
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Mission 

Malla Reddy college of Pharmacy(MRCP) with the Motto of " Tama Soma Jyothirgamaya " 

exists to provide exemplary student centered undergraduate and post graduate education, training 

and research in time with public health needs and extends in constructing team sprit, originality, 

competence in students as per global challenges to make them pioneers of Indian vision of 

modern society. 

 

 

 

ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval of AICTE, 

PCI and affiliated to Osmania University, Hyderabad. Further, the college started Pharm D, 

Pharm D (PB) and M.Pharmacy. The institute has three post graduate departments viz., 

Pharmaceutics, Pharmacology, Pharmaceutical analysis and Quality assurance. The college is 

recognized as research center by Osmania University for the award of Ph.D. in Pharmaceutical 

sciences and B. Pharm course offered by the college is accredited by NBA.. The Pharmacy 
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education is designed to ensure that the newly qualified pharmacist has the necessary knowledge 

and skills to commence practicing competently in a variety of settings including community and 

hospital pharmacy and the pharmaceutical industry. Continuing in the professional development 

must then be a lifelong commitment for every practicing pharmacist. The education, which a 

pharmacy student receives, will affect the knowledge gained, the skills learned and the attitudes 

taken. All of which have an impact on how a pharmacy graduate will practice pharmacy in the 

future. Malla Reddy  College of Pharmacy is an Institute where the students are inspired and 

guided and they are trained with best knowledge and all the possible skills. Its savvy 

infrastructure, the state of-the-art laboratories and eminent teaching faculty are the exclusive 

strengths of the institution.  

The college is functioning from its campus in a total area of 2.5 acres and has spacious 

laboratories and well ventilated and furnished classrooms. High quality equipment for 

laboratories is also procured very ambitiously. The college maintains a very good library with a 

large collection of books and subscribes a good number of standard journals (National and 

International). The staff members of the college are well qualified and sufficiently experienced. 

The students in the college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and encouraged to 

present their knowledge at various seminars/conferences. They are also guided to publish their 

research work in the reputed National and International journals.  
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Influence of Low Back Pain and Prognostic Value of MRI in Sciatica Patients in Relation 

to Back Pain 

 

Abstract 

Background 

Patients with sciatica frequently complain about associated back pain. It is not known whether 

there are prognostic relevant differences in Magnetic Resonance Imaging (MRI) findings 

between sciatica patients with and without disabling back pain. 

Methods 

The study population contained patients with sciatica who underwent a baseline MRI to assess 

eligibility for a randomized trial designed to compare the efficacy of early surgery with 

prolonged conservative care for sciatica. Two neuroradiologists and one neurosurgeon 

independently evaluated all MR images. The MRI readers were blinded to symptom status. The 

MRI findings were compared between sciatica patients with and without disabling back pain. 

The presence of disabling back pain at baseline was correlated with perceived recovery at one 

year. 
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Results 

Of 379 included sciatica patients, 158 (42%) had disabling back pain. Of the patients with both 

sciatica and disabling back pain 68% did reveal a herniated disc with nerve root compression on 

MRI, compared to 88% of patients with predominantly sciatica (P<0.001). The existence of 

disabling back pain in sciatica at baseline was negatively associated with perceived recovery at 

one year (Odds ratio [OR] 0.32, 95% Confidence Interval 0.18–0.56, P<0.001). Sciatica patients 

with disabling back pain in absence of nerve root compression on MRI at baseline reported less 

perceived recovery at one year compared to those with predominantly sciatica and nerve root 

compression on MRI (50% vs 91%, P<0.001). 

Conclusion 

Sciatica patients with disabling low back pain reported an unfavorable outcome at one-year 

follow-up compared to those with predominantly sciatica. If additionally a clear herniated disc 

with nerve root compression on MRI was absent, the results were even worse 

 

Introduction 

Sciatica is associated with significant short- and sometimes long-term morbidity. This affliction, 

certainly in the industrialized countries, ranks as one of the most costly and ubiquitous medical 

problems [1]. Many synonyms for sciatica appear in the literature, such as lumbosacral radicular 

syndrome, ischias, radiculopathy, nerve root pain, and nerve root entrapment [2]. The literal 

translation of the greek word sciatica “sciatica” is hip pain, which leaves room for dispute about 

today's use of the word ‘sciatica’ in scientific communications [3]. Undoubtedly “lumbosacral 

radicular syndrome” or sciatic neuralgia is a better description of the disease but it is not 

frequently used in peer-reviewed articles. For this study sciatica is defined as intense leg pain in 

an area served by one or more spinal nerve roots and is occasionally accompanied by 

neurological deficit [2]. 

In classical literature sciatica has been of great interest to Greco-Roman and Eastern scientists 

and physicians [4]. For centuries an inflammation of the sciatic nerve was the origin of pain, 

described as sciatic neuritis [5], until 1934 when Mixter and Barr revolutionized the 

understanding of sciatica into mechanical origin [4], [6]. They asserted that sciatica was caused 

by a herniated disc pressing against a nerve root. However, soon after this landmark paper, 

Mixter and Ayers demonstrated in 1935 that sciatica can occur without disc herniation, arising 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Dagenais1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Koes1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Koes1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Robinson1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Cotugnio1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Robinson1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Mixter1
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the question whether the mechanical compression is the true origin of pain in sciatica[7]. The 

doubt is strengthened by several studies showing a high prevalence of disc herniations ranging 

from 20 to 76% in subjects without any symptoms [8], [9]. Contrary, in many people with 

clinical symptoms of sciatica no lumbar disc herniations are present on MRI [2], [10], [11]. 

Therefore it is suggested that inflammation of the nerve root may also be a major factor in 

sciatica and that the state of inflammation may be more important than anatomic contact between 

disc and nerve root [12], [13], [14]. 

Patients with sciatica frequently complain about associated back pain [2]. Back pain has also 

been reported to be associated with worse prognosis in patients with sciatica [15]. However, it 

remains unclear to what extent morphological changes seen on MRI in sciatica patients are 

associated with back pain, rather than being a representation of irrelevant differences between 

individuals [8], [9], [16]. 

The objectives of this study were to investigate MRI differences between patients who suffered 

both from sciatica and disabling back pain as compared to patients who suffered from sciatica 

only. Furthermore we report on the relevance of disabling low back pain for clinical outcome. 

Materials and Methods 

Ethics statement 

The medical ethics committees at the nine participating hospitals (Leiden University Medical 

Center, Medical Center Haaglanden, Diaconessen Hospital, Groene Hart Hospital, Reinier de 

Graaf Hospital, Spaarne Hospital, Bronovo Hospital, Rijnland Hospital and Lange Land 

Hospital) approved the protocol. Written informed consent was obtained from all patients. 

Study population 

Patients for this study were patients with intense lumbosacral nerve root pain who underwent a 

baseline MRI to assess the eligibility for the Sciatica Trial: a multicenter, randomized controlled 

trial designed to determine whether early surgery results in better outcome compared to a 

strategy of prolonged conservative treatment with surgery if needed among patients with 6–12 

weeks sciatica [17], [18]. Patients who had symptoms being so severe that they were eligible for 

surgery according to their family physicians were referred to the neurologist who subsequently 

evaluated whether these patients were eligible to participate in the trial. Patients were excluded if 

they were presenting with cauda equina syndrome, severe paresis (Medical Research Counsil 

[MRC] <3), another episode of symptoms similar to those of the current episode during the 

previous 12 months, previous spine surgery, pregnancy, and severe coexisting disease. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Mixter2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Boos1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jensen1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Koes1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Modic1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Modic2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Andrade1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Chen1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Deyo1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Koes1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Haugen1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Boos1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jensen1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Beattie1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul3
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Participants who were not meeting one or more of the aforementioned exclusion criteria and had 

a lumbosacral radicular syndrome lasting between 6–12 weeks underwent an MRI and qualified 

to be included in this present study (thus for the present study it was not necessary to have a 

herniated disc visible on MRI). All patients with sciatica who underwent MRI (thus both 

randomized and non-randomized patients) were followed for one year. Patients who did not 

participate in the Trial were still allowed any regular treatment. Details of the design and study 

protocol have been published previously [18]. In the present study the data were analyzed as a 

cohort study (both randomized and non-randomized patients combined). 

MRI protocol and Image evaluation 

MRI scans were performed in all nine participating hospitals using standardized protocols 

tailored to a 1.5 Tesla scanner. Sagittal T1 and axial T1 spin echo images of the lumbar spine 

were acquired. In addition, T2 weighted sagittal and axial series, and contrast-enhanced 

(gadolinium-DTPA) T1 fat suppressed images were obtained. 

Two experienced neuroradiologists (BK and GL) and one neurosurgeon (CV) independently 

evaluated all MR images. The readers were not provided any clinical information and had not 

been involved in the selection or care of the included patients. 

Definitions of imaging characteristics were based on recommendations from the combined task 

forces of the North American Spine Society, the American Society of Spine Radiology, and the 

American Society of Neuroradiology for classification of lumbar disc pathology [19]. Vertebral 

Endplate Signal Changes were defined according to criteria of Modic [20], [21]. Standardized 

case record forms with definitions were used to evaluate the images (Table S1 in Appendix S1). 

First, the blinded readers had to decide which disc level showed the most severe nerve root 

compression. For both the presence of disc herniation and nerve root compression a four point 

scale was used: “definite about the presence”, “probable about the presence”, “possible about the 

presence” and “definite about the absence”. The first two categories were combined and marked 

as having the abnormality present. The latter two categories were combined and marked as not 

having the abnormality present. Clinically relevant characteristics of the disc level and disc 

herniation were scored. Vertebral Endplate Signal Changes were evaluated from L2–L3 through 

L5–S1. 

Outcomes 

The patients were assessed by means of the Roland Disability Questionnaire for Sciatica (RDQ, 

scores range from 0 to 23, with higher scores indicating worse functional status) [22], the 100-

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul3
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Fardon1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Modic3
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Modic4
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800.s001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Patrick1
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mm visual-analogue scale (VAS) for leg and low back pain (with 0 representing no pain and 100 

the worst pain ever experienced) [23], and a 7-point Likert self-rating scale of global perceived 

recovery with answers ranging from completely recovered to much worse. Perceived recovery 

was defined as “complete” or “nearly complete disappearance of symptoms” on the patient-

reported 7-point Likert scale for global perceived recovery, while a score in the remaining five 

categories (“minimally improved”, “no change”, “minimally worse”, “much worse” and “very 

much worse”) was marked as “no recovery” [17], [18]. Outcome measures (both for randomized 

and non-randomized patients) were assessed at baseline, 2, 4, 8, 12, 26, 38 and 52 weeks. 

Statistical analysis 

The majority opinion of the three readers regarding the MRI variables (answer independently 

given by minimum 2 out of 3 readers) was used in the statistical analysis. Interobserver 

agreement regarding the MRI findings was determined by use of absolute percentages of 

agreement and kappa values (weighted in case of ordered data). 

Disabling back pain was defined as a VAS for back pain of at least 40 as this cutoff value is 

regularly used when the VAS is categorized into favorable and unfavorable outcome [24], [25]. 

Patients with missing VAS-back pain at baseline were excluded. Differences between patients 

with VAS-back pain of at least 40 and those with a VAS lower than 40 were assessed by using 

Student's t-test for continuous data and Chi-square tests for categorical data. 

Logistic regression was used to determine the association between perceived recovery at one 

year and baseline characteristics (presence versus absence of disabling back pain at baseline, 

presence versus absence of disc herniation at baseline, presence versus absence of nerve root 

compression at baseline). The association between the baseline characteristics and perceived 

recovery at one year was additionally adjusted for treatment received (surgery versus no 

surgery), age, gender, smoking, Body Mass Index and RDQ score at baseline. 

Between group differences in continuous outcome measures (RDQ and VAS pain scores) during 

the first year were analyzed by repeated measurement analysis of variance. 

We assumed clinical outcome data to be missing at random and used model-based multiple 

imputation to impute the outcome values, a method in which the distribution of the observed data 

is used to construct sets of plausible values for the missing observations (10 imputed datasets). 

Variables included in the imputation model were age, gender, body-mass index, duration of 

symptoms, smoking, treatment group, all used MRI variables (Table S1 in Appendix S1), and 

baseline and other follow-up measurements of the outcomes being predicted. As sensitivity 

analysis we repeated the analysis using a cutoff value of 50 to define disabling back pain 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Collins1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul3
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peters1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Yamashita1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800.s001
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(disabling back pain was thus defined as a VAS for back pain of at least 50). As sensitivity 

analysis we also repeated the analysis using only patients with no missing data (ie no 

imputation). Statistical significance was defined as P<0.05. 

Results 

Of the 599 patients screened for the study, 395 patients considered eligible for inclusion 

underwent MRI of whom 283 patients were randomized and 112 not [17], [26]. Reasons why 

112 sciatica patients were not randomized was that 70 (63%) did not have a disc herniation 

according to the neurologist who assessed the MRI in one of the 9 participating centers at the 

time of enrolment (a visible disc herniation on MRI was a prerequisite to enter the Trial), 31 

(28%) patients recovered before the randomization procedure could take place, and 11 (10%) 

patients refused to be randomized. In total, 283 baseline MRIs of the 283 randomized patients 

and 106 MRIs of 112 non-randomized patients could be retrieved, bringing the total to 389 

MRIs. Baseline VAS of back pain was not available for 10 (2.6%) patients. Of the 379 eligible 

patients for the present study 139 were randomized to early surgery, 142 to prolonged 

conservative care and 98 not randomized. Of the 139 patients randomized to early surgery 16 

recovered before surgery could be performed. Of the 142 patients in the prolonged conservative 

care group, 55 eventually underwent surgery within the first year. Of the 98 non-randomized 

patients 9 underwent surgery within the first year. Thus in total 187 patients underwent surgery. 

Of the 379 patients, 158 (42%) had a VAS of at least 40 with a mean of 63.3 (95% Confidence 

Interval [CI] 61–66) and 221 (58%) patients had a VAS of back pain of less than 40 with a mean 

VAS of 12.1 (95% CI 11–14). At baseline, sciatica patients with and without disabling back pain 

had a statistically significant but clinically small difference in RDQ and VAS-leg pain (17.4 vs. 

15.0 and 66.6 vs. 60.7 respectively) (Table 1). Six of the 379 patients (1.6%) had bilateral nerve 

root pain. Clinical outcome at 52 weeks was missing in 12–13% of patients (Table S2 

inAppendix S1). Baseline RDQ and VAS for leg and back pain were comparable among patients 

for whom clinical outcome at 52 weeks was available and those for whom not (P-value range 

0.21–0.42). 

 

Table 1. Baseline characteristics stratified by presence of disabling back pain. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul4
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800.s001
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0090800.t001
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Substantial agreement was found for the MRI assessed presence of disc herniation (kappa range 

0.67–0.75) and nerve root compression (kappa range 0.60–0.80) (Table S3 in Appendix S1). 

Moderate agreement was found for the size of the disc herniation (kappa range 0.35–0.55) and 

presence of vertebral endplate signal changes (kappa range 0.49–0.67). 

MRI differences with and without disabling back pain 

Of patients with both sciatica and disabling back pain 76% had a disc herniation on MRI 

compared to 91% of patients without disabling back pain (P<0.001) (Table 2). Nerve root 

compression on MRI was observed less frequently in patients with both disabling sciatica and 

back pain compared to patients with predominantly sciatica (68% vs. 88%, P<0.001). No 

significant differences existed in prevalence of Vertebral Endplate Signal Changes between 

sciatica patients with and without disabling back pain (41% vs. 43%, P = 0.70). 

 

Table 2. Comparison of MRI characteristics between sciatica patients with and without 

disabling back pain at baseline. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800.s001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t002
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0090800.t002
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A comparison of the characteristics of the herniated disc itself between sciatica patients with and 

without disabling back pain is shown in Table 3. Large disc herniations (size >50% of spinal 

canal) were observed in an equal percentage (18%) between patients with and without disabling 

back pain. Also, no significant difference existed in extrusions between patients with and without 

disabling back pain (64% vs. 67%, P = 0.66). 

 

Table 3. Comparison of the characteristics of the herniated disc on MRI between 

sciatica patients with and without disabling back pain at baseline. 

 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t003
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0090800.t003
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Clinical outcome in relation to disabling back pain and MRI differences 

The existence of disabling back pain in sciatica at baseline was negatively associated with 

perceived recovery at one year (Odds ratio [OR] 0.32, 95% CI 0.18–0.56, P<0.001) (Table 4). 

This result was consistent with the continuous outcomes RDQ and VAS pain scores (Figure S1 

in Appendix S1). By contrast, presence of disc herniation on MRI at baseline was positively 

associated with perceived recovery at one year (OR 3.18, 95% CI 1.58–6.39, P = 0.001) (Table 

4). The presence of nerve root compression on MRI at baseline was also positively associated 

with perceived recovery at one year (OR 4.99, 95% CI 2.70–9.24, P<0.001). 

 

Table 4. Perceived recovery at one year according to presence of disabling back pain and 

the presence of disc herniation or nerve root compression on MRI at baseline. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800.s001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t004
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0090800.t004
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The reported prevalence of perceived recovery at one year was 81% for sciatica patients who had 

at baseline disabling back pain and nerve root compression, 50% for sciatica patients who had at 

baseline back pain but no nerve root compression, 91% for sciatica patients who had at baseline 

no back pain but depicted nerve root compression on MRI, and 73% for sciatica patients who 

had at baseline no back pain and no nerve root compression (P<0.001) (Table 5). In the stratified 

analysis according to treatment group the overall trends were comparable with the non-stratified 

analysis (Table S4 in Appendix S1). 

 

Table 5. Clinical outcome measures at one year according to subgroups at baseline. 

https://doi.org/10.1371/journal.pone.0090800.t005 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-t005
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800.s001
https://journals.plos.org/plosone/article/figure/image?size=medium&id=info:doi/10.1371/journal.pone.0090800.t005
https://doi.org/10.1371/journal.pone.0090800.t005
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In patients with disabling back pain, those who also had nerve root compression on MRI 

significantly reported more favorable recovery from their back pain at one year compared to 

those who had not depicted nerve root compression at baseline (Figure 1). 

Discussion 

In this study of patients with sciatica who were followed for one year, those with disabling back 

pain at baseline reported an unfavorable outcome at one-year follow-up compared to those with 

predominantly sciatica. If additionally a herniated disc with nerve root compression on MRI was 

absent, the results were even worse. Herniated discs and nerve root compression on MRI were 

more prevalent among patients with predominantly sciatica compared to those who suffered from 

additional disabling back pain. However, vertebral endplate signal changes were equally 

distributed between those with and without disabling back pain. Remarkably large disc 

herniations and extruded disc herniations were also equally distributed between the two groups. 

Over the past two decades there has been an ongoing scientific debate about the clinical 

relevance of MRI morphological variations [8], [9]. To uncover the relevance of imaging 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone-0090800-g001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Boos1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jensen1
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findings, knowledge regarding their prevalence and relation with symptoms in different 

subgroups is needed. However, in most clinical studies, patients with herniated discs have been 

reported as a single pathological group [27]. Comparable to the present study, some researchers 

have attempted to identify MRI differences between subgroups. MRI differences have been 

reported between patients with both sciatica and low back pain compared to asymptomatic 

control subjects [8], and between sciatica patients compared to low back pain patients [10]. The 

finding in the present study that vertebral endplate signal changes were equally distributed 

between those with and without disabling back pain was surprising as they are hypothesized to 

be a causative factor in low back pain [28], [29]. The finding in the present study that extruded 

disc herniations and large disc herniations were also equally distributed between the two groups 

was also surprising as both findings have been reported to correlate with the severity of 

symptoms in sciatica [8], [16]. However, these studies [8], [16] did not compare these findings 

between sciatica patients with and without back pain. Comparable to the present study, Vroomen 

described a more favourable prognosis for patients with compared to those without nerve root 

compression on MRI [30]. 

The results after lumbar disc surgery do not seem to have improved during recent decades. 

Depending upon the used outcome measure, both classical studies and recent randomized 

controlled trials show that during longer follow-up treatment results for sciatica are satisfactory 

in 60 to 85% of the patients [17], [26], [31], [32], [33]. The number of proposed interventions, 

developed by numerous disciplines, is overwhelming. The results of this study indicate that in 

sciatica subgroups with different prognostic profiles can be identified. A shift from a “one-size 

fits all” approach, where heterogeneous groups of patients receive broadly similar treatments, 

towards targeted treatments according to prognostic profiles or specific characteristics, may help 

to improve the treatment results [34]. 

A strength of this study was the blinded MRI assessment and follow-up of all patients with 6–12 

weeks sciatica who underwent MRI, regardless of participation in the randomized trial. A 

limitation of the present study is that the study population consisted of sciatica patients who had 

severe symptoms and were referred to the neurologists. These patients were willing to undergo 

surgery, so patients with a clear preference for conservative treatment are underrepresented. 

Some might view the agreement among MRI readers as suboptimal. However, the kappa values 

are comparable with those found in previous studies [9], [35], [36]and therefore one might 

consider them to reflect existing agreement among expert readers in clinical practice. Finally, 

some researchers might have chosen the Oswestry Disability Questionnaire (ODQ) as an 

outcome instead of the RDQ. At the design phase of this study it was known that the ODQ might 

be better when evaluating patients with persistent severe disability [37]. However, as sciatica 

generally has a favorable prognosis we anticipated that most of the patients would report less 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Carragee1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Boos1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Modic1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Albert1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jensen2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Boos1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Beattie1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Boos1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Beattie1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Vroomen1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Peul4
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jacobs1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Atlas1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Weber1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Konstantinou1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jensen1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-BrantZawadzki1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Jarvik1
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090800#pone.0090800-Roland1
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disability at follow-up visits. At lower levels of disability it was known that RDQ scores may 

discriminate better than ODQ scores [37]. One study also had found fewer incomplete or 

ambiguous responses to the RDQ than to the Oswestry questionnaire [38]. Another study 

observed that responsiveness of the RDQ was better than of the ODQ scale [39]. 

Conclusions 

Sciatica patients with disabling low back pain reported an unfavorable outcome at one-year 

follow-up compared to those with predominantly sciatica. If additionally a clear herniated disc 

with nerve root compression on MRI was absent, the results were even worse. Further research is 

needed to identify the reasons behind the different prognostic profiles in sciatica and how to aply 

new or existing therapeutic strategies accordingly. 
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Mission 

Malla Reddy college of Pharmacy(MRCP) with the Motto of " Tama Soma Jyothirgamaya " 

exists to provide exemplary student centered undergraduate and post graduate education, training 

and research in time with public health needs and extends in constructing team sprit, originality, 

competence in students as per global challenges to make them pioneers of Indian vision of 

modern society. 

 

 

 

 

ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval of AICTE, 

PCI and affiliated to Osmania University, Hyderabad. Further, the college started Pharm D, 

Pharm D (PB) and M.Pharmacy. The institute has three post graduate departments viz., 

Pharmaceutics, Pharmacology, Pharmaceutical analysis and Quality assurance. The college is 
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recognized as research center by Osmania University for the award of Ph.D. in Pharmaceutical 

sciences and B. Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the necessary knowledge 

and skills to commence practicing competently in a variety of settings including community and 

hospital pharmacy and the pharmaceutical industry. Continuing in the professional development 

must then be a lifelong commitment for every practicing pharmacist. The education, which a 

pharmacy student receives, will affect the knowledge gained, the skills learned and the attitudes 

taken. All of which have an impact on how a pharmacy graduate will practice pharmacy in the 

future. Malla Reddy  College of Pharmacy is an Institute where the students are inspired and 

guided and they are trained with best knowledge and all the possible skills. Its savvy 

infrastructure, the state of-the-art laboratories and eminent teaching faculty are the exclusive 

strengths of the institution.  

 

The college is functioning from its campus in a total area of 2.5 acres and has spacious 

laboratories and well ventilated and furnished classrooms. High quality equipment for 

laboratories is also procured very ambitiously. The college maintains a very good library with a 

large collection of books and subscribes a good number of standard journals (National and 

International). The staff members of the college are well qualified and sufficiently experienced. 

The students in the college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and encouraged to 

present their knowledge at various seminars/conferences. They are also guided to publish their 

research work in the reputed National and International journals.  
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A REVIEW ARTICLE ON BIOLOGICAL EFFECTS AND SAFETY IN MAGNETIC 

RESONANCE IMAGING 

Abstract 

 

Introduction  

The human population is chronically exposed to natural and man-made sources of ionizing and 

non ionizing radiations, the latter being, for instance, electric and magnetic fields (EMF). 

Important sources of man-made radiation/electromagnetic pollution are represented by 

diagnostic tests. It has been reported that the medical sources of radiation amounted to about one 

fifth of the natural one in 1987, while only ten years later it was close to 100% [1]. Furthermore, 

since the introduction of Magnetic Resonance Imaging (MRI) in diagnostic examinations, the 

number of people exposed to EMF has increased dramatically. 

While it is well established that ionizing radiations impose risks to human health and 

environment, not much is known about possible effects of EMF relevant for patient safety, 

although MRI is a diagnostic technique widely used in medicine and showing a growing impact 

in cardiology. Today, the great number of available MR scanners and routine clinical 

applications does not even allow a calculation of how many exams are performed in the world. 

Quite recently, our group published a study [2] where, for the first time, we were able to show 

that EMF generated during MRI diagnostic scan have genotoxic effects, in terms of micronuclei 

(MN) induction. Although preliminary evidence suggests that an increased MN frequency is 

associated with early events in carcinogenesis [3], our data cannot fully confirm the presence of 

health hazard from MRI, as the genetic damage also seems reversible: in fact, after 48 hrs, the 

MN number returned to the control values, suggesting that two cell divisions are enough to 

eliminate lymphocyte MN. 

Here, we present an updated survey of the literature on the biological/genetic effects and health 

implications of the electromagnetic fields present during MR scans. The three different fields 

(static MF, gradient MF and radiofrequency (RF) in MF are described separately: while there is a 

huge literature on the effects of each single type of field, only very few studies are available on 

their combination to generate MRI. Furthermore, we try to integrate the current findings to 

provide indications, mostly about occupational risk and patient safety. 

Go to: 

Electromagnetic Spectrum 2. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b1-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b2-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b3-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/
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Electromagnetic fields are classified into ionizing and non-ionizing, according to their frequency 

(measured in Hertz, Hz), since the ability of an electromagnetic wave to ionize an atom or 

molecule depends on its frequency. Figure 1 shows the electromagnetic spectrum, which extends 

from static field to cosmic rays, and some examples of sources. Non ionizing electromagnetic 

fields are classified according to their frequency in static, extremely low frequency (ELF), 

intermediate frequency (IF) and radiofrequency (RF) fields. 

Figure 1. 

Electromagnetic spectrum and some sources of radiation. 

 

2.1. Static Fields 

Static fields do not vary with time and are located at 0 Hz in the frequency spectrum. Typical 

sources of static MF are found in certain occupational settings, e.g. metal industries, welding 

processes and certain underground and train systems. However, the major application of high 

static MF is represented by Magnetic Resonance (MR), where a main magnet is used to generate 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/figure/f1-ijerph-06-01778/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/figure/f1-ijerph-06-01778/
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a primary static field. Clinical imaging systems typically have field strengths up to 3T (1T = 

10,000 Gauss, for reference the Earth’s magnetic field ≈ 0.5 Gauss) while spectroscopic systems, 

currently only used for research applications, are available with field strengths as high as 17.5T 

[4]. 

2.2. Extremely Low Frequency (ELF) 

The electromagnetic fields in this frequency range (from 0 to 300 Hz), are due to residential 

exposure, nearby power and high voltages transmission lines and domestic installations 

(operating at 50 and 60 Hz) while occupational exposure sources are caused by electric power 

industry installations and welding devices (operating at 50 and 60 Hz). Medical applications of 

ELF fields include bioimpedance measurement, pain treatment and bone growth stimulation [5]. 

2.3. Intermediate Frequency (IF) 

IF electromagnetic fields extend from 300 Hz to 100 kHz. Sources operating in this frequency 

range are anti-theft devices, typically employed for preventing theft of goods, with an exposition 

level which is usually below the exposure limits. Other applications are induction hobs and 

hotplates, electric engines and badge readers. Visual display units and some industrial 

applications, like induction heating and welding, also cause emissions in the IF range [5]. 

Typical medical applications of IF comprise gradient fields which are superimposed upon the 

main static field in MR applications [4]. 

2.4. Radio Frequency (RF) 

RF electromagnetic fields extend from 100 kHz to 300 GHz. RF sources of this type are 

essentially involved in mobile communication. Mobile phones, used by more than 2 billion 

people all over the world, are tested by the measure of the Specific Absorption Rate (SAR), 

typically indicated in units of watts per kilogram (W/kg), whose maximum value should be less 

than 2 W/Kg for the human head, according to the guidelines of the International Commission on 

Non-Ionizing Radiation Protection (ICNIRP) [6]. Other wireless applications, like cordless 

phones or WLAN systems, operate with lower output power than mobile phones levels. The link 

between the mobile phone and the network is performed by base stations, which are RF 

transmitters, at different frequencies. Other RF sources are broadcasting (AM and FM), new 

digital TV technology and civil and military radar systems [5]. 

RF electromagnetic fields for medical application have been introduced for therapeutic and 

diagnostic purposes. The first group comprises soft tissue healing appliances, cancer treatment 

with hyperthermia, and tissue heating [5] while the second are mainly RF fields associated to 

MR, necessary to generate a detectable MR signal [4]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b4-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b5-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b5-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b4-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b6-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b5-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b5-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b4-ijerph-06-01778
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Magnetic Resonance Imaging (MRI) 3. 

During an MRI examination, three types of MF are employed to produce three dimensional 

images [4]: I) a high static MF, which generates a net magnetization vector in the human body, 

that is a measure of the proton density; II) a gradient MF (100 to 1,000 Hz), used to localize 

aligned protons inside the body, thus allowing spatial reconstruction of tissue sections into 

images; III) a RF electromagnetic wave (10 to 400 MHz), which energizes the magnetization 

vector allowing its detection by the MRI scanner, converting tissue properties into MR images. 

Different levels of contrast are based on the different magnetic properties and physical structure 

of the biological tissues (i.e. density of hydrogen atoms) [4]. 

3.1. MRI Biological Effects 

Magnetic Resonance Imaging is considered a safe technology since it just has the ability to 

change the position of atoms, but not to alter their structure, composition, and properties, as the 

ionizing radiations attempt to do. However, as in any sanitary interventions, there are intrinsic 

hazards that must be understood, acknowledged and taken into consideration. These hazards are 

relative to all three types of fields which can affect patients, staff and other persons within the 

MR environment [11]. 

To assess the potential dangerous biological effects associated with MRI environment and 

procedures, several studies have been conducted over the past thirty years, often producing 

controversial results. 

3.1.1. Effects of Static MF 

The safety of static MFs has been discussed for more than a century: in 1921 Drinker and 

Thompson [12] carried out numerous experiments to investigate possible effects on workers 

exposed to MF in industrial applications. They concluded that the static MF had no significant 

hazard effects on human health. 

More than 400 papers have been published on the biological effects of static MF, but the results 

were often contradictory and confusing [13]. 

Genotoxic or carcinogenic effects have also been studied [21] and it was suggested that static 

MF might affect the process of cancer induction and/or progression by altering cellular responses 

to some known carcinogens (chemicals, radiation). In any case, the body of results available in 

the literature are often not comparable and in some cases also not reproducible making a 

definitive conclusion premature. 
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Few studies have examined the effect of static MFs on reproduction and development: there are 

generally no effects by exposure up to 9.4T, but the studies showed several inconsistencies [29]. 

Also, sub-chronic exposure (10 weeks to a 9.4T static MF) seems to have no biological effects 

(alterations in heart rates, body weights, food and water consumption, blood biochemical and 

urinary parameters and major organ weights) in male and female adult rats or their progeny [29]. 

It is generally accepted that static fields below 1T are not genotoxic [30,31]. However, a recent 

study [32] reported significant, time and dose-dependent increases of the micronuclei frequency 

in mice exposed to static MFs of 2, 3 or 4.7T. Again, the general consensus is that there are 

insufficient studies to draw any conclusions relative to the genotoxicity or the carcinogenicity of 

static MF [33]. 

Humans 

Studies on human volunteers exposed up to 8T, carried out to assess information about the 

relationship between exposure to high static MFs and human health, took into account as 

endpoints central and peripheral nervous activities, behavioural and cognitive functions, sensory 

perception, cardiac function, respiratory frequency, body temperature, but no conclusion could 

be drawn [15]. 

Temporary and dose-correlated vertigo and nausea in workers and patients exposed to static MFs 

higher than 2T have been found in several studies [34,35], while the correlation between the 

exposure and the metallic taste has not been confirmed [35]. No significant differences among 

several physiological parameters (heart rate, blood pressure, blood oxygenation, core 

temperature, ECG, respiratory rate) have been checked during the exposure at 8T, together with 

complete reversible tachycardia imputable to the stress correlated with the exam [34]. 

A recent review summarizes the epidemiological evidence of static MF exposure and long-term 

health effects: the few studies available have focused on cancer risks and the results from these 

studies are not sufficient to draw any conclusions [39]. 

Finally, the available data do not allow one to reach a firm conclusion about the health effects of 

the static MF [16]. 

A document of the World Health Organization (2006, [15]), stated that there are no evidences on 

the short and long term adverse effects of the MRI static MF on human health. This statement 

has been confirmed also more recently [16,17].Considering the increased use of MR scanners 

with higher static MF values, there is an urgent need to perform studies to provide assurance 

about their safety. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b29-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b29-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b30-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b31-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b32-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b33-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b15-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b34-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b35-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b35-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b34-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b39-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b16-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b15-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b16-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b17-ijerph-06-01778


PHARMATECH OUTLOOK  

 

    

 

12 | P a g e  

APRIL – JUNE 2017               VOL 4 ISSUE 2 

3.1.2. Effects of Gradient MF 

During an MRI examination, the gradient MF, which serves for the spatial localization in the 

image reconstruction process, is often switched on and off. For this reason, they are considered 

time varying MFs ranging between ELF and IF. Most of the available studies deal with possible 

association between residential ELF and cancer [33]. ELF MF has been classified in group 2B 

(“possibly carcinogenic to humans”), due to the possible association between residential MFs 

and childhood leukaemia [40]. Furthermore, a decreased survival of children with leukaemia 

after exposure to ELF magnetic fields has been observed [41], while no correlations have been 

established between ELF field exposure and breast cancer risk [42]. 

The time variation induces in the patient undergoing a MR scan, an electric field which could 

stimulate nerves and muscles, and could generate cardiac stimulation or even ventricular 

fibrillation. While the latter is a primary concern, being a life-threatening condition, possible 

peripheral nerve stimulation may cause discomfort and could not be tolerated by the subjects, 

thus interfering with the examination (e.g. due to patient movements) or would result in a request 

to stop the examination [43]. 

Due to technical difficulties for obtaining a reliable measure of induced electric currents, several 

works now are dealing with numerical simulations in human models [44]. 

- In vitro effects 

A significant increase of DNA strand breaks after ELF exposure was reported [45], while non-

genotoxic mechanisms, such as stimulation of cell proliferation and apoptosis inhibition, can act 

as environmental agents for promoting cancer development [46]. An increase of micronucleus 

frequency in human fibroblasts exposed to a 50 Hz power line signal has been reported [47]. 

Mouse cell cultures exposed to gradient fields for hours did not show any effects with gradient 

fields of 25 mT/m in 300 ms [48]. Other studies [49,50] report no significant genotoxic effects as 

measured by sister chromatid exchange frequencies in human lymphocytes exposed to time 

varying fields of up to 220 μT, suggesting they are unlikely to act as carcinogens. Other studies 

report increased DNA synthesis in human fibroblast with exposure at 4 to 15 kHz [51], while 

fetal cell growth and cell cycle distribution of human lung fibroblasts exposed to gradient of 

10mT/m are not affected [52]. These results provided no support for a teratogenic effect of this 

type of MF. 

Detrimental effects of co-exposure to ELF and environmental carcinogens are reported, such as 

recombination of radical pairs alterations, indicating interactions among MF and chemical and/or 

physical agents [53]. This fact suggests that human population could be exposed to a variety of 
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environmental insults which may not be genotoxic “per se”, but they may enhance the negative 

effects induced by other contaminants [2]. 

Mammals 

It was observed that dogs’ peripheral nerves are more sensitive to gradient MF, thus showing the 

lowest stimulation threshold [54]. In other studies, it was observed that the threshold for 

respiration was three times more than the peripheral nerve stimulation threshold, while the 

cardiac one was about nine times greater than the peripheral nerve one [55,56]. Studies on 

reproduction and development of mammals showed that these parameters are not affected by IF 

field exposure [57]. 

Humans 

A 2000’s review [58] analyzed patient safety in time-varying gradient fields associated to a MR 

scan and concluded that cardiac stimulation is very unlikely in present-day systems, while at 

sufficient amplitudes, peripheral nerve stimulation is perceptible (tingling or tapping sensations) 

and can cause patient discomfort. Current safety standards have been developed by the 

International Electrotechnical Commission], establishing that the threshold for cardiac 

stimulation is largely above the value causing peripheral nerve stimulation, thus avoiding 

subjects’ ventricular fibrillation [60]. 

3.1.3. Effects of RF Fields 

During an MRI scan, the patient is exposed to a time varying electromagnetic field in the RF 

range. It has been suggested that RF can induce effects via multiphoton absorption, i.e. through 

direct heating [61]. 

Thus, biological effects caused by RF field can be classified into two categories [62]: 

• - non thermal effects: due to direct interactions between MFs and tissues 

• - thermal effects: due to tissue heating caused by the induced electric currents 

The dosimetric parameter, normally used in safety standard and guidelines to quantify the energy 

absorption caused by RF, is the SAR [69]. During a MR scan the patient’s temperature is not 

easy to measure so SAR represents a convenient parameter to control any possible temperature 

increases. Generally, the MRI scanner software allows monitoring of the SAR for the whole 

body: these values have to be always below the limits values set by IEC standard [59] and must 

be recognizable by the software, so that if the SAR value exceeds the standard limits, the 

software stops the scanning process. The admitted SAR is usually 4 W/kg for a whole body 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b2-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b54-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b55-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b56-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b57-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b58-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b60-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b61-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b62-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b69-ijerph-06-01778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2705217/#b59-ijerph-06-01778


PHARMATECH OUTLOOK  

 

    

 

14 | P a g e  

APRIL – JUNE 2017               VOL 4 ISSUE 2 

scanner, calculated for a body temperature increase up to a 0.6 °C and a scanning period of 20–

30 min [70,71]. 

It has been reported that, while average whole body SAR remains below the safety limits 

[72,73], hot spots could occur all the same making the automatic control system of the scanner 

not totally sufficient to assure patient safety. 

- In vitro effects 

There is a very wide body of literature regarding the possible induction of toxicity, genotoxicity, 

and transformation on mammalian cells in vitro due to high RF fields employed in cellular 

telephones (900-1,100 MHz) [74]. Although it is well known that the radiation energy from 

mobile phones is much lower than the energy necessary to break chemical bonds, several authors 

have reported DNA strand breaks, micronuclei induction and chromosomal aberrations [75] in 

human fibroblasts. Transient increase of DNA strand breaks in embryonic stem cell have also 

been reported [76]. 

An attempt to independently replicate those results with the same biological system, under the 

same RF exposure, failed and negative results were obtained [77]. Cell cycle kinetics [78] and 

apoptosis induction [79] has been reported to be unaffected. 

It has been also investigated whether 24 h exposure to RFs, similar to those emitted by mobile 

phones, could affect micronuclei frequency and cell proliferation in cultured human peripheral 

blood lymphocytes: no evidence of genotoxicity or cytotoxicity was found [80]. 

Furthermore, possible effects related to the third generation wireless technology (1,950 MHz 

Universal Mobile Telecommunication System, UMTS) were investigated in human. The results 

indicated that both long and short duration intermittent exposures induce neither an increase in 

micronucleated cells, nor changes in cell cycle kinetics [81]. 

Studies on effects due to RF at frequencies related to MR procedures are far less available. The 

whole data on mammalian cell cultures [82] suggest that RF exposure does not cause an increase 

in gene mutation, in chromosome aberration frequency or in sister chromatid exchange 

frequencies, suggesting that RF exposure during a MR procedure is unlikely to be genotoxic. 

Similar results, using the same biological endpoints, are obtained treating human lymphocytes 

[83]. 

To exclude thermal effects, in our study [2] the temperature of the liquid in the flasks was 

continuously monitored using a fiber optic temperature sensor: the observed thermal increase 

observed was always below 1 °C. This increase is known to be under the risk level, provided the 

thermoregulatory function of the patient undergoing MRI scan is not compromised [28]. 
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As for in vitro experiments, most of the in vivo/ex vivo data on RF effects are related to mobile 

phone frequencies. The possible association between RF exposure due to mobile phone use and 

cancer has been largely subjected to epidemiological studies. Most of these studies found no 

association [84,85], while only a few suggested possible links [86]. Data on cancer induction, 

mainly intracranial tumours, are contradictory [87,88]. 

The cancer risk related to RF fields generated by television and radio transmitters was also 

analysed [89]: no study has confidently suggested any clear links to health effects [90]. 

Due to the increasing use of mobile phone by even young children, one important issue is related 

to and the question is about the possible differences in RF absorption between children and 

adults during the use of mobile phone [91]. 

Few studies have addressed the correlation between RF field exposure and the so-called 

“electromagnetic hypersensitivity”, which includes non-specific self-reported symptoms 

(headaches, fatigue, concentration difficulties). The data suggest that these symptoms cannot be 

correlated to RF exposure [92]. 

The first experiment on human thermal response to RF during a MR procedure was performed in 

1985 [93]: in subjects exposed to a SAR value equal to 4 W/kg, the temperature changes and 

other physiological parameters, such as heart rate, were monitored. No abnormal temperature 

increase or changes in physiological parameters were observed. Other studies on volunteers have 

always reported changes in body temperature of less than 0.6 °C, without alterations in 

parameters like heart rate, blood pressure and blood flow [94,95]. 

Another study on volunteers [96] exposed to MR procedures with a high whole body SAR value 

(6 W/kg) monitored tympanic and skin temperature, heart rate, blood pressure, oxygen saturation 

and skin blood flow: statistically significant changes where found in some parameters such as 

skin blood flow, systolic blood pressure and heart rate, but all these changes were within 

acceptable safety levels. 

A 2000’s review summarized physiological alterations in visual, auditory, endocrine, neural, 

cardiovascular, immune, reproductive, and developmental functions, under RF exposure: high 

levels of exposure were found to be related to an alteration of these functions [63]. 

Special attention was paid to over-heating of gonads [64] and eyes [65,97] for their reduced 

capabilities of heat dissipation thus becoming possible hot spots. In these experiments the 

observed temperature, however, was always below the recognized safety thresholds. 

To date there have been no epidemiological studies regarding RF fields associated with MR 

procedures. The ICNIRP therefore recommends epidemiological studies to be done on subjects 

with high levels of cumulative exposure or with particular conditions, like pregnant occupational 
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workers. Because of the advent of new generation MRI scanners with higher MFs, there is an 

urgent need for monitoring workers [98]. 

3.2. Occupational Risk 

The staff operating in the environment of MRI scanners is exposed daily for hours to essentially 

static MFs, as the other two kind of radiation, gradients and RF, are present only inside the 

scanner. However, when the clinical needs force them to move close to the scanner during the 

examination, they could also be exposed to the other two types of radiation. These concerns have 

also been raised recently [16,105] and to protect occupational workers, European Union has 

required to incorporate the physical agents directive (PAD) 2004/40/EC [106] into its legislation, 

which, in some cases, could restrict the use of MRIs. 

A 2008’s review summarized studies on health effects of occupational exposure to static MFs 

[16]: with the available data no firm conclusions can be drawn about these effects. According to 

the Directive 2004/40/EC [106], the workers exposed to MF should receive all necessary 

information about the potential risks; due to the uncertainties resulting from the available 

evidence, it is needed ability to find a balance between few certainties and several doubts. 

Our work [2] also pinpointed the relevance of (sub)chronical exposure: during the in 

vitroexperiments we used control flasks located in the console room, and other flasks, named as 

“room controls”, located in the scanner room, around three meters far from the scanner bore. 

These flasks were exposed to 1 Gauss static MF and to negligible RF and gradients fields. Room 

control data showed no statistically significant differences, even though a weak increase was 

always observed (data not shown). This observation suggests a need of awareness on 

occupational risk assessment for MRI operators, but also for the general population that could be 

exposed to different environmental insults, not genotoxic “per se”, which may enhance the 

negative effects induced by other biological, chemical and/or physical agents. 

Concluding Remarks 4. 

While it is well established that ionizing radiations impose risks to human health and the 

environment, the available data on possible effects of MRI procedures relevant for patient and 

worker safety are not sufficient to draw any conclusions. For this reason, in 2003, the FDA 

declared “nonsignificant risk status” for MRI clinical systems generating static fields up to 8T 

[107]. 

In recent time, the importance of citizen/patient involvement at all levels of the health services is 

increasingly recognised as a useful and positive value. Involving patients in health care decisions 

promotes greater patient responsibility which ultimately leads to improved health outcomes 
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[108]. Professional/patient shared decisions could also help to avoid over-prescriptions: this will 

also help to cut inappropriate and unnecessary costs in a world where resources tend dramatically 

to finish and healthcare systems are struggling to provide necessary basic care to their 

populations. 

Recently, the New York Times [109] stated that what makes Americans sick is an “epidemic of 

diagnoses”, that leads to an epidemic of treatments which turns ordinary people into patients. 

Education of the public and the provision of good quality information is becoming vital: the new 

challenge for the NHS is to give the way for active public participation and empowerment. This 

is th road map for an accountable growth of the health system. 

Figure 2. 

MN induction at different times after cardiac MRI scans. 

* Statistically different from control (p < 0.001) 
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CH Malla Reddy, Founder Chairman 

 

 

"Change does not necessarily assure progress, but progress implacably requires change. 

Education is essential to change, for education creates enchanting desires and the competence to 

satisfy them. Our motto is to enlighten, inspire young women to set their hearts on fire, give 

wings to their dreams and to craft our institution, a quintessential arena to hone their power of 

knowledge to acts as ambassadors of change and guiding angels of progress." 

I went through the articles and other content published in this magazine. They amply 

demonstrate the communication skills, poetic prowess, imagination and creativity, humor and 

humanism, technical competence, and patriotism of the contributors. I wish this maiden attempt 

all success. Let there be more contributions in future. 

                                             

                                                 

   

                                                                                                     CH MALLA REDDY 

                                                                                                 FOUNDER CHAIRMAN 
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Dr.M.Sudhakar, M.Pharm.,Ph.D. 

Principal & Professor 

"Dr. M Sudhakar has an experience of 30 Years in the field of teaching and administration. He is 

resourceful person for various AICTE workshops. His 100 research publications and 150 

research paper presentations of national and international order, stands as testimony to his 

strengths. He is bent on making this college in to one of the most sought after centers for 

excellence, through its quality education and research orientation. He is the life member of 

professional bodies like IPA, APTI and IPGA. He is the executive member of APTI (AP branch). 

He is the member of board of studies for pharmacy in Osmania University. Under his successful 

guidance one candidate was awarded Ph.D by JNTUniversity, Hyderabad. He guided 8 Ph.D 

candidates .At present he is guiding 6 candidates for Ph.D Programs. He is the resource person 

for video lectures in pharmaceutics."" 
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Vision 

To be a model pharmacy institution in dynamic equilibrium with its social, ecological and 

economic environment striving continuously for excellence in pharmacy education, research and 

revolutionizing patient care in college and the world. 

Mission 

Malla Reddy college of Pharmacy(MRCP) with the Motto of " Tama Soma Jyothirgamaya " 

exists to provide exemplary student centered undergraduate and post graduate education, training 

and research in time with public health needs and extends in constructing team sprit, originality, 

competence in students as per global challenges to make them pioneers of Indian vision of 

modern society. 
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ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval of AICTE, 

PCI and affiliated to Osmania University, Hyderabad. Further, the college started Pharm D, 

Pharm D (PB) and M.Pharmacy. The institute has three post graduate departments viz., 

Pharmaceutics, Pharmacology, Pharmaceutical analysis and Quality assurance. The college is 

recognized as research center by Osmania University for the award of Ph.D. in Pharmaceutical 

sciences and B. Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the necessary knowledge 
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and skills to commence practicing competently in a variety of settings including community and 

hospital pharmacy and the pharmaceutical industry. Continuing in the professional development 

must then be a lifelong commitment for every practicing pharmacist. The education, which a 

pharmacy student receives, will affect the knowledge gained, the skills learned and the attitudes 

taken. All of which have an impact on how a pharmacy graduate will practice pharmacy in the 

future. Malla Reddy  College of Pharmacy is an Institute where the students are inspired and 

guided and they are trained with best knowledge and all the possible skills. Its savvy 

infrastructure, the state of-the-art laboratories and eminent teaching faculty are the exclusive 

strengths of the institution.  

 

The college is functioning from its campus in a total area of 2.5 acres and has spacious 

laboratories and well ventilated and furnished classrooms. High quality equipment for 

laboratories is also procured very ambitiously. The college maintains a very good library with a 

large collection of books and subscribes a good number of standard journals (National and 

International). The staff members of the college are well qualified and sufficiently experienced. 

The students in the college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and encouraged to 

present their knowledge at various seminars/conferences. They are also guided to publish their 

research work in the reputed National and International journals.  
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A REVIEW ARTICLE ON REYE SYNDROME—INSIGHTS ON 

CAUSATION AND PROGNOSIS 

 

Reye syndrome (RS) is an abrupt insult to mitochondria manifesting as acute encephalopathy, 

selective hepatic dysfunction, and fatty infiltration of the viscera—as originally described in 

1963 (see Wood1). Causation, however, remains unclear, especially the role of aspirin in possible 

pathogenesis.1 Although prompt recognition and intensive therapy is essential to full recovery, a 

paucity of cases in recent years has meant that few younger paediatricians have any personal 

experience. This and a spate of recent literature—clinical and scientific—has prompted this 

review. 

 

Background 

https://adc.bmj.com/content/85/5/351#ref-1
https://adc.bmj.com/content/85/5/351#ref-1


PHARMATECH OUTLOOK  

 

    

 

9 | P a g e  

JULY- SEP 2017                      VOL 4 ISSUE 3 

RS is a biphasic illness. A viral prodrome—with infection of the upper respiratory tract or bowel, 

or varicella—is followed several days later by an abrupt onset of encephalopathy heralded as 

profuse, effortless vomiting. The rate and degree of neurological decline vary. Raised 

intracranial pressure from brain swelling is usually thought to cause death or neurological injury. 

The British Paediatric Surveillance Unit defines RS as an unexplained, non-inflammatory 

encephalopathy in those less than 16 year of age, associated with a serum aspartate or alanine 

aminotransferases, or plasma ammonia more than three times the normal limit, or hepatic fatty 

infiltration that is microvesicular in appearance and panlobular in distribution.2 Diagnostic 

criteria are non-specific. One group maintains that antiemetics taken after onset of the vomiting 

have a causal role in RS, another disputes its actual existence3 4; evidence in support of these 

views is unconvincing and they have gained little support. However, a proportion of those 

thought initially to have RS (12%) are shown later to have an inherited metabolic disorder 

(IMD), such as single enzyme defects of β oxidation, or the urea cycle.2 “Classical” RS must of 

necessity be a diagnosis of exclusion. 

Aspirin—a co-factor? 

The evidence on prodromal aspirin and RS has been reviewed.5 Several case–control studies 

assert that the association is strong, consistent, and unbiased; this is especially true of the very 

rigorous “Yale” study, in which a dose response effect was also noted.6 Even atotal dose less 

than 45 mg/ kg increased the risk of RS by 20-fold—the authors concluding that “no safe dose 

[of aspirin] exists”. No other exogenous agent has been implicated in similar well designed 

studies (see Hall5). 

Longitudinal surveillance provides further evidence. A recent review of 1207 cases reported to 

the National RS Surveillance System (NRSSS) at the Centers for Disease Control and 

Prevention, Atlanta, USA (1 December 1980 to 30 November 1997) identified 555 cases in 

1980, but only two annually between 1994 and 19977; case reporting was to the 18th birthday. In 

the UK, the annual incidence declined from 81 cases in 1983–84 to five in 1996–97.2 One 

elegant study showed that this decline mirrored the upsurge in publications mentioning the link 

https://adc.bmj.com/content/85/5/351#ref-2
https://adc.bmj.com/content/85/5/351#ref-3
https://adc.bmj.com/content/85/5/351#ref-4
https://adc.bmj.com/content/85/5/351#ref-2
https://adc.bmj.com/content/85/5/351#ref-5
https://adc.bmj.com/content/85/5/351#ref-6
https://adc.bmj.com/content/85/5/351#ref-5
https://adc.bmj.com/content/85/5/351#ref-7
https://adc.bmj.com/content/85/5/351#ref-2
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with aspirin that began in the USA in 1980.8 Furthermore, in Northern Ireland, febrile children 

admitted to hospital in 1988–89 showed a 17-fold reduction in preadmission aspirin use 

compared to those in 1985–86 (the Committee on Safety of Medicines warned of the aspirin risk 

in mid-1986). 

Finally, more than 400 UK cases reported between 1982 and 1990 were reviewed “blindly” 

using a Reye score (devised by Dr Susan Hall to quantitate features characteristic of “classical” 

RS) employed here in modified form. Highest scores were achieved by a distinct aspirin related 

subgroup that diminished significantly in number (79%) after 1986.9 The evidence of an 

association therefore seems epidemiologically sound, and the disappearance of RS consequent on 

the aspirin warnings was described two years ago in an editorial in theNew England Journal of 

Medicine as “a public health triumph”.10 

Aspirin metabolism 

Following absorption, aspirin is metabolised rapidly to salicylate. At usual anti-inflammatory 

doses, with plasma concentrations of 1–5 mM, the half life approximates to 12 hours; at high 

therapeutic doses it may reach 30 hours. Salicylate is metabolised within hepatocyte 

mitochondria and endoplasmic reticulum to significant amounts of hydroxyhippurate (HHA) and 

gentisate. Among 56 patients with RS in Northern Ireland (1979–86), the serum salicylate range 

and mean on admission were 0–2.5 and 0.9 mM/l, respectively (JG, unpublished data). This 

concurs with published data1; HHA concentrations tend to be twofold higher.11 In RS, therefore, 

aspirin metabolites may persist for some time at millimolar concentrations. Are such 

concentrations capable of influencing events, however? 

Viral infection and the immune response 

Antecedent viral infection appears to be a sine qua non for development of RS.1 Viral RNA 

frequently diverts host endoplasmic reticulum to biosynthesis of viral protein.1 A number of 

virus infections disturb Kupffer cell function and endotoxaemia commonly results, triggering a 

cascade of cytokines.12 Endotoxin like activity has been reported in plasma and CSF in 

RS.13 Endotoxin provokes release by macrophages of tumour necrosis factor (TNF), a known 

https://adc.bmj.com/content/85/5/351#ref-8
https://adc.bmj.com/content/85/5/351#ref-9
https://adc.bmj.com/content/85/5/351#ref-10
https://adc.bmj.com/content/85/5/351#ref-1
https://adc.bmj.com/content/85/5/351#ref-11
https://adc.bmj.com/content/85/5/351#ref-1
https://adc.bmj.com/content/85/5/351#ref-1
https://adc.bmj.com/content/85/5/351#ref-12
https://adc.bmj.com/content/85/5/351#ref-13
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mediator of metabolic toxicity. In rat hepatocytes, for example, TNF inhibits fatty acid oxidation; 

influenza B virus produces similar effects in mice. Following sublethal doses of endotoxin, rats 

have increased concentrations of plasma ammonia and free fatty acids, and develop hepatic fatty 

infiltration and mitochondrial damage. Immature rodents appear more sensitive to the effects of 

TNF.14 Aspirin enhances in vitro release of TNF by mouse macrophages.14Finally, aspirin and 

salicylate at 1–5 mM directly inhibit release of the proinflammatory and antiapoptotic nuclear 

factor κB, allowing target cells to proceed more rapidly down the pathway to cell death.15 Thus 

viral infection may influence cellular and subcellular events via immune mediators. 

Mitochondrial failure 

The clinical findings in RS are compatible with hepatoxicity caused by mitochondrial 

failure.16Mitochondria provide most of the energy for liver cell function via oxidative 

phosphorylation fed by the tricarboxylic acid cycle and β oxidation of long chain fatty acids 

(LCFA). Mitochondria are also closely involved in cell death processes such as the 

mitochondrial permeability transition (MPT). This is the opening of a cyclosporin sensitive pore 

in the inner membrane of mitochondria leading to swelling, depolarisation, failure of oxidative 

phosphorylation, and cell death by apoptosis or necrosis.17 Recently, Lemasters' group has shown 

that 0.3 mM salicylate can initiate MPT in isolated liver mitochondria,18 and, in cultured rat 

hepatocytes, 0.3–5 mM salicylate enhanced cell killing.19 

In RS the burden of evidence suggests that mitochondrial failure is the result of inhibition of 

oxidative phosphorylation and fatty acid β oxidation of LCFA.1 Microvesicular steatosis is a 

likely consequence and accumulation of tissue LCFA has recently been shown to initiate 

apoptosis via increased ceramide in a variety of cell types.20 21 Another factor is that toxic acyl-

CoA esters accumulate within mitochondria and sequester free coenzyme A; the development of 

hyperammonaemia and hypoglycaemia are but two examples that illustrate the presence of 

generalised mitochondrial dysfunction.1 Thus inhibition of mitochondrial β oxidation in RS 

could lead to severe liver dysfunction and fatty infiltration. 

Salicylate blocks β oxidation of long chain fatty acids 

https://adc.bmj.com/content/85/5/351#ref-14
https://adc.bmj.com/content/85/5/351#ref-14
https://adc.bmj.com/content/85/5/351#ref-15
https://adc.bmj.com/content/85/5/351#ref-16
https://adc.bmj.com/content/85/5/351#ref-17
https://adc.bmj.com/content/85/5/351#ref-18
https://adc.bmj.com/content/85/5/351#ref-19
https://adc.bmj.com/content/85/5/351#ref-1
https://adc.bmj.com/content/85/5/351#ref-20
https://adc.bmj.com/content/85/5/351#ref-21
https://adc.bmj.com/content/85/5/351#ref-1
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In the first study to use human cells, aspirin metabolites (though not aspirin itself) have been 

shown recently to inhibit mitochondrial β oxidation of palmitate.22 This was carried out in skin 

fibroblasts from children who had recovered from RS (also given aspirin for prodromal 

symptoms), and from controls. In cells from the latter, two of the principal metabolites—

hydroxyhippurate (HHA) and gentisate—were more inhibitory than salicylate at concentrations 

below 5 mM, but RS cells were equally sensitive to all aspirin metabolites. Thus salicylate below 

5 mM was a more effective inhibitor of β oxidation in RS cells than in controls. 

Where is the site of inhibition? 

Structural similarities between aspirin metabolites and substrates for the mitochondrial 

trifunctional enzyme (MTE) of β oxidation prompted us to examine whether the long chain 3-

hydroxyacyl-CoA dehydrogenase (LCHAD) component of MTE was the target for salicylate 

inhibition. Using fibroblasts from individuals with LCHAD deficiency, it was possible to show 

complete absence of inhibition of β oxidation by salicylate or HHA compared to control cells or 

RS cells, thus indicating that the LCHAD enzyme is the target for such inhibition.22 

A biological difference between control and Reye syndrome cells? 

Our studies have also shown that fibroblasts from RS patients were significantly more sensitive 

to inhibition of β oxidation by salicylate than are control cells. The differences were 

demonstrable at concentrations well within the therapeutic range of plasma salicylate (see 

above). In control cells, 1 mM salicylate significantlystimulated palmitate oxidation, an effect 

quite opposite to that noted in RS cells, higher concentrations caused increasing inhibition in 

each group of cells.22Stimulatory then inhibitory effects of salicylate on β oxidation were 

reported at similar concentrations in rat liver slices.23Thus stimulatory and inhibitory effects of 

salicylate were independent; only the latter was due to blocking of LCHAD activity. 

How might this stimulation of β oxidation, at therapeutic salicylate concentrations, be induced? 

Salicylate, though not HHA or gentisate, is known to uncouple mitochondrial β oxidation from 

phosphorylation. Thus the stimulatory effects in control cells might be due to the presence of an 

uncoupling protein. In RS cells, it is possible that salicylate does not uncouple oxidative 

https://adc.bmj.com/content/85/5/351#ref-22
https://adc.bmj.com/content/85/5/351#ref-22
https://adc.bmj.com/content/85/5/351#ref-22
https://adc.bmj.com/content/85/5/351#ref-23
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phosphorylation because a specific target protein is absent. This target protein we suggest is 

probably one of the family of mitochondrial uncoupler proteins (UCPs)24 whose role is still 

unclear. Their expression is increased under conditions in which LCFA accumulate, prompting 

the suggestion that, by stimulating mitochondrial respiration25 they enhance β oxidation, thus 

protecting against apoptosis (see above). Lack of a specific UCP, however caused, might explain 

the difference in β oxidation response to low concentrations of salicylate between controls and 

LCHAD deficient cells on the one hand, and RS cells on the other—a difference that warrants 

further investigation. This sensitivity of RS cells, if widely expressed in body tissues, could 

explain the reaction of certain individuals to the action of aspirin on the MTE-LCHAD enzyme 

system that might contribute to the pathogenesis of RS. 

 

Prognosis 

If the neurological phase of RS resolves, visceral function is expected to recover completely 

within a few days. However, the severity and duration of both metabolic and hydrostatic effects 

on the nervous system will determine prognosis.1 Although pathogenesis of the brain swelling is 

unclear, its results can be all too evident, with elevation of intracranial pressure, and, if more 

severe, reduction in cerebral perfusion pressure; a cerebral perfusion pressure of 40 mm Hg or 

less in RS carries a very poor outcome. In the NRSSS, even small biochemical abnormalities 

appeared to influence mortality. Logistic regression analysis showed that, surprisingly, a blood 

ammonia little greater than the normal upper limit for older children was significantly associated 

https://adc.bmj.com/content/85/5/351#ref-24
https://adc.bmj.com/content/85/5/351#ref-25
https://adc.bmj.com/content/85/5/351#ref-1
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with a risk of demise (p < 0.01)—the relative risk of death being 3.4 and of neurological 

complications 4.1.7 

In our series, more than 70% of the children achieved a good initial outcome (62% in NRSSS7). 

This optimism must be interpreted with caution because in the UK, RS has tended to occur at a 

very young age (median age 14 months9; median age in NRSSS, 6 years7). Damage to the 

developing brain that results in neuropsychological deficits may only become apparent much 

later when maturation deviates from normal, and abilities may be simply less well acquired. 

Moreover mild impairments, perhaps clinically undetectable in themselves, may exert a 

cumulative influence on the development of other functions, leading to more significant 

disabilities.26 Hence the need for outcome studies during the school years and beyond. Among 56 

patients seen between 1979 and 1986 (median age 0.8 years), Meekin and colleagues studied 

cognitive, emotional, and behavioural sequelae in 18 children who had recovered well enough to 

attend normal schools. The mean age was then 11.75 years, with each child being compared to 

the sibling nearest in age.27 On the basis of formal testing, general intellectual functioning, and 

verbal, and visuospatial skills were significantly reduced if RS occurred during infancy. A 

similar profile was evident on the measure of self esteem. Differences for measures of 

behavioural problems failed to reach significance. Another significant variable was the 

development of unconsciousness during encephalopathy. Although this was not so closely 

associated with less good outcomes, it was linked to relative deficits on the scale of cognitive 

ability; however, only those differences on the Wechsler scale of verbal abilities reached 

statistical significance. 

Conclusion 

Long term follow up in RS may in its way be as important as early recognition and optimum 

management, as are diagnostic investigations aimed at uncovering an IMD. Inhibition of the 

MTE-LCHAD enzyme system by salicylate and metabolites, and the differences shown for the 

first time in human material between control and RS cells, lends biological plausibility to the 

substantial body of epidemiological evidence linking RS with aspirin use during childhood viral 

illness. Our view is that current warnings about aspirin use must be maintained—with continued 

https://adc.bmj.com/content/85/5/351#ref-7
https://adc.bmj.com/content/85/5/351#ref-7
https://adc.bmj.com/content/85/5/351#ref-9
https://adc.bmj.com/content/85/5/351#ref-7
https://adc.bmj.com/content/85/5/351#ref-26
https://adc.bmj.com/content/85/5/351#ref-27
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case monitoring—to ensure that this potentially devastating encephalopathy does not reappear 

and that “the public health triumph” will also be fully realised in the UK. 
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Mission 

Malla Reddy college of Pharmacy(MRCP) with the Motto of " Tama Soma Jyothirgamaya " 

exists to provide exemplary student centered undergraduate and post graduate education, training 

and research in time with public health needs and extends in constructing team sprit, originality, 

competence in students as per global challenges to make them pioneers of Indian vision of 

modern society. 

 

 

ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval of AICTE, 

PCI and affiliated to Osmania University, Hyderabad. Further, the college started Pharm D, 

Pharm D (PB) and M.Pharmacy. The institute has three post graduate departments viz., 

Pharmaceutics, Pharmacology, Pharmaceutical analysis and Quality assurance. The college is 

recognized as research center by Osmania University for the award of Ph.D. in Pharmaceutical 

sciences and B. Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the necessary knowledge 

and skills to commence practicing competently in a variety of settings including community and 
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hospital pharmacy and the pharmaceutical industry. Continuing in the professional development 

must then be a lifelong commitment for every practicing pharmacist. The education, which a 

pharmacy student receives, will affect the knowledge gained, the skills learned and the attitudes 

taken. All of which have an impact on how a pharmacy graduate will practice pharmacy in the 

future. Malla Reddy  College of Pharmacy is an Institute where the students are inspired and 

guided and they are trained with best knowledge and all the possible skills. Its savvy 

infrastructure, the state of-the-art laboratories and eminent teaching faculty are the exclusive 

strengths of the institution.  

 

The college is functioning from its campus in a total area of 2.5 acres and has spacious 

laboratories and well ventilated and furnished classrooms. High quality equipment for 

laboratories is also procured very ambitiously. The college maintains a very good library with a 

large collection of books and subscribes a good number of standard journals (National and 

International). The staff members of the college are well qualified and sufficiently experienced. 

The students in the college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and encouraged to 

present their knowledge at various seminars/conferences. They are also guided to publish their 

research work in the reputed National and International journals.  
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LOW MATERNAL SERUM LEVELS OF PREGNANCY ASSOCIATED PLASMA 

PROTEIN A (PAPP‐A) IN THE FIRST TRIMESTER IN ASSOCIATION WITH 

ABNORMAL FETAL KARYOTYPE 

I.Sunderdeepthi, T.Anusha,L.Uday Kiran 

      Malla Reddy college Of Pharmacy 

 Objective To assess the relation between maternal serum pregnancy associated plasma protein 

A (PAPP‐A) in the first trimester and the outcome of pregnancy by karyotype. 

Design A retrospective study of PAPP‐A levels in blood samples collected prior to chorionic 

villus sampling. 

Subjects Five hundred twenty‐two women, aged 20 to 47, at 7 to 11 weeks gestation, prior to 

undergoing chorionic villus sampling. Four hundred forty‐five women had a pregnancy with a 

normal karyotype; in 30 pregnancies the karyotype was abnormal (including 14 cases of Down's 

syndrome and 7 of trisomy 18). 

Main outcome measures Normal or abnormal fetal karyotype. Serum  PAPP‐A at 6 to 11 weeks 

gestation measured by radioimmunoassay. 
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Results The median value of PAPP‐A in the abnormal group was 0.27 multiples of the normal 

median (MoM). This is significantly lower than the median value in the normal group (1.01 

MoM) (95% CI for the difference 0.46–0.84 MoM; P<0.00001 Mann‐Whitney test). 

Conclusions There is an association between low levels of PAPP‐A in the first trimester with 

chromosome anomalies. Screening by measurement of PAPP‐A might detect 60% of cases of 

Down's syndrome in the first trimester with a false positive rate of 5% 

 

 

 

 

Major dietary patterns are related to plasma concentrations of markers of inflammation 

and endothelial dysfunction 

P.Prathyusha, N.Sadhvi, P.Praveen 

Malla Reddy College of Pharmacy 

Background: Endothelial dysfunction is one of the mechanisms linking diet and the risk of 

cardiovascular disease. 

Objective: We evaluated the hypothesis that dietary patterns (summary measures of food 

consumption) are directly associated with markers of inflammation and endothelial dysfunction, 

particularly C-reactive protein (CRP), interleukin 6, E-selectin, soluble intercellular adhesion 

molecule 1 (sICAM-1), and soluble vascular cell adhesion molecule 1 (sVCAM-1). 

Design: We conducted a cross-sectional study of 732 women from the Nurses' Health Study I 

cohort who were 43-69 y of age and free of cardiovascular disease, cancer, and diabetes mellitus 

at the time of blood drawing in 1990. Dietary intake was documented by using a validated food-

frequency questionnaire in 1986 and 1990. Dietary patterns were generated by using factor 

analysis. 

Results: A prudent pattern was characterized by higher intakes of fruit, vegetables, legumes, 

fish, poultry, and whole grains, and a Western pattern was characterized by higher intakes of red 

and processed meats, sweets, desserts, French fries, and refined grains. The prudent pattern was 
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inversely associated with plasma concentrations of CRP (P = 0.02) and E-selectin (P = 0.001) 

after adjustment for age, body mass index (BMI), physical activity, smoking status, and alcohol 

consumption. The Western pattern showed a positive relation with CRP (P < 0.001), interleukin 

6 (P = 0.006), E-selectin (P < 0.001), sICAM-1 (P < 0.001), and sVCAM-1 (P = 0.008) after 

adjustment for all confounders except BMI; with further adjustment for BMI, the coefficients 

remained significant for CRP (P = 0.02), E-selectin (P < 0.001), sICAM-1 (P = 0.002), and 

sVCAM-1 (P = 0.02). 

Conclusion: Because endothelial dysfunction is an early step in the development of 

atherosclerosis, this study suggests a mechanism for the role of dietary patterns in the 

pathogenesis of cardiovascular disease. 

 

 

 

 

INCIDENCE OF DEMENTIA AND PROBABLE ALZHEIMER'S DISEASE IN A 

GENERAL POPULATION 

GS Chandra, B.Nirosha, CH.Anusha 

Malla Reddy College of Pharmacy 

Objective: To determine the incidence of dementia and Alzheimer's disease (AD) in a general 

population sample. 

Background: Utilizing subjects in the Framingham Study cohort determined to be free of 

dementia in 1976 to 1978, or on biennial examination 17 in 1982, all new cases of dementia 

arising in this cohort over a maximum of 10 years of follow-up were ascertained. 

Methods: On biennial examination 14/15, a screening neuropsychologic examination was 

administered to 2,117 subjects, and cases of probable prevalent dementia were identified. 

Beginning on examination 17 and on all successive biennial examinations, a Mini-Mental State 

Examination was administered. Subjects previously free of dementia and falling below age-

education levels were evaluated by a neurologist and neuropsychologist to determine if dementia 

was present and to ascertain the dementia type using standard criteria. 

Results: Five-year incidence of dementia increased with age, doubling in successive 5-year age 

groups. Dementia incidence rose from 7.0 per 1,000 at ages 65 to 69 to 118.0 per 1,000 at ages 
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85 to 89 for men and women combined. Incidence of probable AD also doubled with successive 

quinquennia from 3.5 at ages 65 to 69 to 72.8 per 1,000 at ages 85 to 89 years. Incidence of 

dementia and of probable AD did not level off with age and was not different in men and 

women. 

Conclusions: In a general population sample, we determined incidence of dementia and of 

probable AD and will use these incident cases for study of precursors and natural history in this 

elderly cohort, which has been under close surveillance for over 40 years. 

 

 

 

 

FONDAPARINUX VS ENOXAPARIN FOR THE PREVENTION OF VENOUS 

THROMBOEMBOLISM IN MAJOR ORTHOPEDICSURGERYA  

E.Ashok, GN Sai Deepthi, KP kumar 

Malla Reddy College of Pharmacy 

 

Meta-analysis of 4 Randomized Double-blind Studies 

Background  Orthopedic surgery remains a condition at high risk of venous thromboembolism 

(VTE). Fondaparinux, the first of a new class of synthetic selective factor Xa inhibitors, may 

further reduce this risk compared with currently available thromboprophylactic treatments. 

Methods  A meta-analysis of 4 multicenter, randomized, double-blind trials in patients 

undergoing elective hip replacement, elective major knee surgery, and surgery for hip fracture (N 

= 7344) was performed to determine whether a subcutaneous 2.5-mg, once-daily regimen of 

fondaparinux sodium starting 6 hours after surgery was more effective and as safe as approved 

enoxaparin regimens in preventing VTE. The primary efficacy outcome was VTE up to day 11, 

defined as deep vein thrombosis detected by mandatory bilateral venography or documented 

symptomatic deep vein thrombosis or pulmonary embolism. The primary safety outcome was 

major bleeding. 

Results  Fondaparinux significantly reduced the incidence of VTE by day 11 (182 [6.8%] of 

2682 patients) compared with enoxaparin (371 [13.7%] of 2703 patients), with a common odds 
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reduction of 55.2% (95% confidence interval, 45.8% to 63.1%; P<.001); this beneficial effect 

was consistent across all types of surgery and all subgroups. Although major bleeding occurred 

more frequently in the fondaparinux-treated group (P = .008), the incidence of clinically relevant 

bleeding (leading to death or reoperation or occurring in a critical organ) did not differ between 

groups. 

Conclusion  In patients undergoing orthopedic surgery, 2.5 mg of fondaparinux sodium once 

daily, starting 6 hours postoperatively, showed a major benefit over enoxaparin, achieving an 

overall risk reduction of VTE greater than 50% without increasing the risk of clinically relevant 

bleeding. 

 

 

 

 

 

 

 

 

 

 

Autoimmune Hepatitis: A Review of Current Diagnosis and Treatment 

 

Abstract 

 

1. Background 
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Autoimmune hepatitis (AIH) is a chronic inflammatory disease of unknown etiology 

characterized by the presence of circulating autoantibodies, hypergammaglobulinemia, 

necroinflammatory changes on hepatic histology, and a dramatic response to immunosuppressive 

therapy. Earliest descriptions include those by Amberg in 1942 [1] and Leber in 1950 [2] 

describing a form of chronic liver disease prevalent among young women and characterized by 

an excessive increase in serum protein and gamma-globulins. In 1951, Kunkel et al. termed the 

condition “hypergammaglobulinemic chronic hepatitis” [3]. Since then, it has been known by 

various names including chronic active hepatitis, chronic aggressive hepatitis, plasma cell 

hepatitis, and autoimmune chronic active hepatitis. Cowling and Mackay coined the term “lupoid 

hepatitis” after they noted the association of this entity with autoimmune syndromes and the LE 

cell phenomenon [4]. 

The disease is rare with a mean incidence of 1-2 per 100,000 and a point prevalence of 11–17 per 

100,000 [5, 6]. Although more frequently seen in young women (sex ratio 3.6 : 1), it can affect 

children and adults of all ages and ethnicities [7, 8]. A minority of patients may present with 

acute liver failure and need liver transplantation, but for the majority, the prognosis of AIH is 

good and mostly determined by response to corticosteroid therapy. In general, long-term survival 

and average life expectancy are excellent and estimated to be comparable to the normal 

population [9]. 

Go to: 

2. Classification 

The classification of AIH into different types is based on serum autoantibody profiles. Type I 

AIH is characterized by the presence of antinuclear antibody (ANA), anti-smooth muscle 

antibody (SMA), or both and constitutes 80% of AIH cases. About 25% have cirrhosis at 

presentation, and association with other autoimmune diseases is common (celiac disease, 

ulcerative colitis, autoimmune thyroid disease) [10, 11]. Type 2 AIH is characterized by the 

presence of anti-liver kidney microsomal (LKM) 1 and/or anti-LKM3 and/or anti-liver cytosol 1 

(LC1) [12, 13] antibodies. Most patients are children, acute severe presentation can occur, and 

progression to cirrhosis commonly ensues [14]. 

In patients who are negative for conventional antibodies and AIH is strongly suspected, 

additional tests can be done including perinuclear antineutrophil cytoplasmic antibodies 

(pANCA), actin (anti-actin), soluble liver antigen (anti-SLA), asialoglycoprotein receptor (anti-

ASGPR), chromatin, and liver cytosol type 1 (anti-LC1). In our experience, 10–15% patients do 

not have either ANA, SMA, or anti-LKM1 at presentation, but 25% of these will have detectable 

conventional antibodies later in their course. Another 10–20% of the seronegative patients at 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B14
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presentation will have pANCA or anti-SLA. Overall, approximately 5% will have no currently 

available markers long term. 

2.1. Etiopathogenesis 

Although the exact etiopathogenesis is unknown, AIH, like many autoimmune diseases, is 

thought to be caused by environmental triggers and failure of immune tolerance mechanisms in a 

genetically susceptible host. These triggers may be of viral or drug etiology, but most cases have 

an unknown trigger. Triggers may share epitopes that resemble self-antigens, and molecular 

mimicry between foreign antigens and self-antigens is the most frequently proposed initiating 

mechanism in type 2 AIH where the autoantigen is known. Repeated exposures to the triggering 

antigen, in turn, may trigger autoreactive organ-specific responses. 

2.2. Genetic Associations 

AIH is a complex polygenic disease and different populations may have different genetic and 

environmental triggers and genetic association varies in study populations. The human leukocyte 

antigen (HLA) genes on chromosome 6 are the most commonly described association with AIH. 

HLA associations vary by ethnicity and have been summarized in Table 1. HLA may be 

associated with age at presentation, disease severity, and response to therapy. How the HLA 

genes predispose to disease is not exactly known but is likely due to their role in autoreactive T 

cell selection and autoantigenic peptide presentation. Different susceptibility alleles like HLA 

DRβ1*0301, DRβ1*0401, DRβ1*0404, and DRβ1*0405 share a “common motif,” namely, 

amino acids LLEQKR or LLEQRR at position 67-72 of class II HLA, whereas the resistant 

alleles DRβ1∗1501 encodes ILEQAR [20, 21]. In contrast, HLA-DRβ1*1501, encodes for the 

ILEQAR motif [21] and is associated with protection from AIH. Substitution of a lysine or 

arginine to alanine at position 71 is postulated to change the polarity and charge of the peptide 

binding groove of the major histocompatibility complex thereby influencing autoantigenic 

peptide presentation. However, these associations are not absolute and significant geographic 

differences exist, for example, in Japan DR2 (DRB1*1501) is a weak susceptibility rather than a 

resistance allele [22] and in South American children DRB1*1301 is a strong susceptibility allele 

[23]. Furthermore, patient numbers in many HLA studies are low. 

Table 1 

HLA associations in autoimmune hepatitis. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/table/tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B18
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HLA 

Association 

(Reference) 

Ethnicity/Comments AIH 

Type 

Number 

of 

patients 

studied 

Patients Controls 

HLA-

DRB1*0401 

[15] 

(i) European and North American 

Increases susceptibility to AIH Type I 

in Caucasians 

(ii) HLA-DR3 associated with 

younger age at presentation, 

diminished response to therapy and 

more frequent liver failure requiring 

liver transplantation as compared to 

HLA-DR4 

I 119 45% 23% 

HLA-

DRB3*0101 

[15] 

European and North American I 119 58% 25% 

HLA-

DRB1*0404 

[16] 

Mexican I 30 36.7% 7.4% 

HLA-

DRB1*0405 

[17] 

Japanese — 49 67.3% 29.6% 

HLA-

DRB1*07 

Brazil II 28 68% 20% 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B78
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B78
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B79
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B80
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HLA 

Association 

(Reference) 

Ethnicity/Comments AIH 

Type 

Number 

of 

patients 

studied 

Patients Controls 

[18] 

HLA-B14 

[19] 

Germany II 19 26% 4% 

A form of AIH can be seen in 20% of patients with autoimmune polyendocrinopathy-

candidiasis-ectodermal dystrophy (APECED) syndrome. APECED is a monogenic, autosomal 

recessive disorder characterized by hypoparathyroidism, adrenal insufficiency, and chronic 

mucocutaneous candidiasis. APECED is caused by mutations in a transcription factor relevant to 

immune tolerance called AIRE (autoimmune regulator) on chromosome 21q223. AIRE is 

expressed in medullary epithelial and dendritic cells within the thymus and regulates clonal 

deletion of autoreactive T cells. The liver autoantigens associated with APECED are cytochrome 

P450 (CYP) 1A2, CYP2A6, and CYP2D6 [24–26]. This is the only syndrome involving AIH 

that exhibits a Mendelian pattern of inheritance, and genetic testing and counseling for the 

patient and family members are warranted [24]. 

2.3. Immunopathogenesis 

Full insight into the pathogenesis of AIH remains elusive. The liver is part of the lymphoid 

system with the normal lymphocyte population mainly residing in the portal tracts. AIH is an 

inflammatory disorder of the liver involving multiple components of the immune system 

including T cells, B cells, and cytokines. Hepatocytes isolated from AIH patients are coated with 

immunoglobulins and are susceptible to antibody-dependent cellular cytotoxicity (ADCC) when 

exposed to autologous mononuclear cells bearing Fcreceptors [40]. CYP2D6, an important 

cytoplasmic enzyme is targeted by anti-LKM1 antibodies and plays a crucial role in liver 

damage. Mice immunized with plasmid containing human CYP2D6 antigenic region and human 

formiminotransferase cyclodeaminase (another autoantigen), have established a murine model 

for autoimmune hepatitis type 2 [41]. These mice develop autoantibodies, elevation in 

transaminases, along with portal and periportal inflammatory infiltrate. Another model using 

adenovirus vector containing human CYP2D6 infection of CYP2D6 transgenic mice had focal 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B81
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B82
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B23
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hepatocyte necrosis and hepatic fibrosis [42]. These models will aid the development of more 

therapeutic options in the management of autoimmune hepatitis. 

Studies have demonstrated presence of cytotoxic cells in both T and non-T cell compartment of 

peripheral blood from AIH patients. This cytotoxic activity is higher in patients with active 

disease but seen in only 40% of patients in remission [43]. Patients with AIH have a ten fold 

higher frequency of liver-specific T cells compared to normal subjects [32]. In patients with 

predisposing HLA allele DRβ1*0701, CD4 T cells are able to recognize autoantigen CYP2D6 

and secrete interferon-γ [44]. In addition CD8+ T cells have been isolated from portal tract 

infiltrate. CD8 T cells have cytotoxic capability, are capable of secreting IFN-γ, and their 

responses correlate with disease activity [45]. 

Defects in numbers and function of regulatory cells (T regs) have been demonstrated in AIH 

[46]. T regulatory cells normally control or limit immune responses by acting as 

immunoregulators, preventing the proliferation and effector function of autoreactive T cells. In 

patients with AIH, T-regs are defective both in number and function. The number of T regs is 

decreased more so at disease presentation than at drug-induced remission. Their level correlates 

inversely with levels of anti-SLA and anti-LKM-1 autoantibody titers [46]. The T reg numbers 

and function improve during remission but are never normal. Longhi et al. in their study 

demonstrated that Tregs generated under CYP2D6-specific conditions and cocultured with 

semimature dendritic cells are highly effective at controlling autoreactive T cells, thus providing 

a potential tool for immunotherapy in type 2 AIH [47]. T regs may, therefore, be an attractive 

therapeutic target, but more studies are needed to elucidate this better. 

2.4. Environmental Factors 

Several drugs have also been implicated as triggers for AIH including Infliximab [48], 

Minocycline [49], Atorvastatin [50], diclofenac, isoniazid, α-methyldopa, nitrofurantoin, and 

propylthiouracil and Hepatitis A vaccine [51]. Herbal agents such as black cohosh and dai-saiko-

to have been proposed to induced AIH [52]. The exact reason for drug-induced AIH is not 

known but may be due to hepatotoxic effect of these chemicals, upregulation of proteins 

expression (P450s, immunoregulatory proteins), or related to the drug acting as a hapten by 

modifying the hepatic protein, making them immunogenic. Drug-induced AIH may improve 

after discontinuation of offending agent, thus initial observation is warranted. 

Viruses such as hepatitis A, B, or C, in addition to measles have been implicated as triggers for 

AIH. ANA and SMA can occur in diverse causes of acute and chronic hepatitis including 

alcoholic, nonalcoholic fatty liver disease, and viral hepatitis. They are usually low titer, 

background reactivities that should not alter diagnosis or management. If clinical concern for 

autoimmune hepatitis exists, antiactin antibodies can be checked as they increase the specificity 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B24
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of SMA testing for diagnosing AIH [53]. Anti-LKM1 has been found in as many as 10% of 

patients with chronic hepatitis C and is different from the anti-LKM1 found in classic 

autoimmune hepatitis [54]. Molecular mimicry at the B-cell level between a structural motif of 

CYP2D6 and HCV proteins could explain the production of anti-LKM1 antibodies in HCV-

infected patients [55]. 

Go to: 

3. Clinical Manifestations 

Women constitute at least 70% of cases, and 50% are younger than 40 years; however, age at 

onset may range from infancy to the elderly. AIH has diverse presentations with 25–34% of 

patients presenting with asymptomatic liver test abnormalities. Forty percent of patients may 

present with an acute onset, but the presentation of severe fulminant hepatic failure is rare [56]. 

Children or elderly more commonly present with cirrhosis. Presenting symptoms may include 

fatigue, lethargy, malaise, arthralgia of small joints, anorexia, nausea, abdominal pain, and dark 

urine. These symptoms are nonspecific and contribute to the delay in diagnosis. Asymptomatic 

patients commonly become symptomatic, and thus need to be monitored. Clinical manifestations 

may vary by ethnicity; the presentation is acute and icteric in Alaskan [57] native patients, 

cholestatic in Aboriginal North American, African, Asian, and Arab patients, mild in Japanese 

patients [58], but severe and rapidly progressive in Somali patients [59]. Cirrhosis occurs in as 

many as 85% of black North American patients [60]. Differences in etiologic agents and genetic 

factors may account for this variation. 

4. Diagnosis of Autoimmune Hepatitis 

The diagnosis of AIH requires the presence of characteristic clinical features and exclusion of 

other chronic liver conditions, such as viral hepatitis, drug-induced hepatitis, fatty liver disease, 

alcohol related liver disease, Wilson's disease, alpha 1 antitrypsin deficiency, or 

hemochromatosis. 

4.1. Laboratory Features 

Laboratory studies typically show elevation of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) levels, but levels are generally <500 U/L, but on rare occasions can 

range between 500–1000 U/L. Some patients may have high conjugated bilirubin and alkaline 

phosphatase necessitating exclusion of extrahepatic biliary obstruction, cholestatic forms of viral 

hepatitis, drug-induced disease, primary biliary cirrhosis (PBC), and primary sclerosing 

cholangitis (PSC). The alkaline phosphatase rarely exceeds 4 X normal and generally remains <2 

times normal. Another characteristic laboratory feature of AIH is hypergammaglobulinemia, 
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with a selective increase in IgG, which is 1.2–3.0 times higher than the upper level of normal 

[63]. It should be noted that HLA typing has not been endorsed as a diagnostic or prognostic 

tool. 

4.2. Autoantibodies 

The characteristic circulating autoantibodies seen in AIH include ANA, SMA, and (LKM-1) 

autoantibodies. A list of the important autoantibodies and their autoantigenic targets is 

summarized in Table 2 [27]. They are helpful in diagnosis as well as for classification of AIH 

into type 1 and type 2 diseases. The reader is referred to excellent reviews for description of 

methodology, sensitivity, and assay performance [27, 39, 64]. Except for pANCA, which is 

readily available and can be positive in 50–90% of type I AIH, only antiactin can be easily in 

measured in some laboratories. Recently, antibodies to cyclic citrullinated peptides (CCP) have 

been described in 9–11% of patients with AIH in absence of rheumatoid arthritis. These patients 

have a propensity to develop cirrhosis and liver failure [65]. Antimitochondrial antibodies are 

sometimes present in patients with AIH and an overlap syndrome of AIH and PBC should be 

considered in these patients [66]. 

Table 2 

Autoantibodies in autoimmune hepatitis. 

Autoantibody Molecular target Prognostic value Reference 

Antiliver kidney 

microsomal (LKM1) 

Cytochrome 450 2D6 Diagnostic for AIH type 2 [27] 

 

Anti-LKM3 Uridine diphosphate 

glucuronosyltransferase 

7% of patients with AIH 

associated with viral 

hepatitis C 

[28] 
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Autoantibody Molecular target Prognostic value Reference 

 

Antismooth muscle 

antibody 

Actin and non-actin 

components (vimentin, 

Skeltin) 

Diagnostic marker for 

type 1 AIH 

 

 

Antiactin Polymerized F-actin (1) Subset of smooth 

muscle antibodies 

(2) Children: treatment 

dependence and 

progression to liver failure 

(3) Adults: early onset and 

severe disease 

(4) Severe clinical and 

histological disease if 

reactive to actin and α-

actinin, anti-ss DNA 

antibodies can be seen as 

well. 

[29–31] 

 

Anti-soluble liver 

antigen (SLA) 

Sep (O-phosphoserine) 

tRNA: SEC(selenocysteine) 

tRNA synthase 

(1) High specificity, may 

be present when other 

markers are absent 

(2) Predictor of relapse 

[32, 33] 
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Autoantibody Molecular target Prognostic value Reference 

and treatment dependence 

(3) Associated with 

DRB1*0301 

(4) Higher frequency of 

death from liver failure. 

 

Antiliver cytosol type 1 

(LC1) 

Formiminotransferase 

cyclodeaminase 

(1) Present when other 

markers like ANA, SMA, 

LKM1 absent 

(2) Early age of onset and 

concurrent immune 

disease  

(3) Marked liver 

inflammation and rapid 

progression to cirrhosis 

[34, 35] 

 

Anti-asialoglycoprotein 

receptor (ASGPR) 

Asialoglycoprotein receptor (1) Correlate with 

histological activity 

[36] 

 

Antibody to histone and 

double stranded DNA 

Histone, dsDNA (1) Patients with anti-

dsDNA fail corticosteroid 

[37] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B88
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Autoantibody Molecular target Prognostic value Reference 

(dsDNA) treatment more frequently 

 

Anti-chromatin Chromatin (1) Occur in association 

with ANA  

(2) May define a subset of 

ANA positive patients that 

are treatment dependent  

(3) Predictor of relapse 

after drug withdrawal  

(4) Higher levels 

of γ globulin and IgG at 

presentation 

[38] 

 

Perinuclear antinuclear 

neutrophil cytoplasmic 

antibodies (pANCA) 

Peripheral nuclear 

membrane component 

Seen in type 1 AIH may 

help in diagnosis if other 

tests are negative. 

[39] 

4.3. Diagnostic Scoring System 

A diagnostic system was proposed by the International Autoimmune Hepatitis Group (IAIHG) in 

1993 and subsequently updated in 1999 [66, 67]. In 2008, they proposed a simplified set of 

diagnostic criteria to facilitate early recognition and initiation of adequate immunosuppressive 

treatment [68]. These included the presence of specific autoantibodies (ANA, SMA, LKM 

antibody, SLA antibody) in moderate to high titers, hypergammaglobulinemia, typical 

histological pattern on liver biopsy, and exclusion of viral hepatitis. These criteria have a lower 
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sensitivity (85% versus 100%) but higher specificity (99% versus 93%) than the original criteria 

and are good at identifying patients with all typical characteristics of a classic case of AIH 

[69, 70]. However, Miyake et al. showed that 30% of males, 23% of patients with acute clinical 

presentation, and 46% patients negative for ANA were not diagnosed with AIH by simplified 

criteria even though they met the original criteria [69]. Therefore, it fails to adequately identify 

cases with atypical features which is an important point to keep in mind. 

4.4. Histological Diagnosis 

The histologic hallmark of AIH is a lymphoplasmacytic periportal infiltrate invading the limiting 

plate, also called piecemeal necrosis or “interface hepatitis” (Figure 1) that eventually progresses 

to lobular hepatitis. There is often an abundance of plasma cells and eosinophils are frequently 

present. The portal lesion typically spares the biliary tree. A lobular, or panacinar hepatitis is also 

frequently observed. Fibrosis is present in all but the mildest forms of AIH. It causes distortion 

of the hepatic lobule and the appearance of regenerative nodules, resulting in cirrhosis [71]. 

Many patients with acute presentation may have chronic features on liver biopsy indicating a 

subclinical phase of disease and several patients with mild clinical disease may have advanced 

fibrosis on biopsy. Of important note is the fact that the fibrosis and even cirrhosis in AIH is 

reversible to a significant degree with immunosuppressive therapy unlike in other chronic liver 

diseases. 
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Figure 1 

Interface hepatitis demonstrated by infiltration of lymphoplasmacytic infiltrate into the hepatic 

parenchyma typical of autoimmune hepatitis. 

4.5. Radiology 

There are no specific imaging techniques to confirm the diagnosis of autoimmune hepatitis. In 

adults with both AIH and IBD, cholangiographic changes suggestive of PSC are present in up to 

44% patients and may affect therapy and prognosis [72]. In children with AIH, autoimmune 

sclerosing cholangitis can be present with or without inflammatory bowel disease [73]. 

Go to: 

5. Therapy 
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5.1. Indications for Treatment 

AIH is a treatable chronic liver disease in the majority of the cases. Untreated patients with 

active histologic inflammation have worse overall survival. Histologic presence of bridging or 

multilobular necrosis is associated with progression to cirrhosis in 82% cases and a 5-year 

mortality of 45% in untreated patients [74]. In asymptomatic patients with inactive cirrhosis 

(defined as no or limited inflammation), corticosteroid therapy has not shown to improve 

survival. Patients without cirrhosis who undergo treatment have a 10–20 year survival 

probability more than 80%, similar to the general population [71]. Retrospective analysis of 

patients with mild disease has demonstrated the possibility of long-term survival without 

treatment, but very careful follow-up is required. Untreated patients may, rarely, recover 

spontaneously, but improvement is less common than treated patients, and long-term survival is 

lower [75]. AIH can have unpredictable and varying disease activity and ultimately the majority 

of patients with active inflammation will warrant therapy. Indications for treatment are listed 

in Table 3 and are based on the presence and severity of hepatic inflammation. The indications 

are also reflective of risk factors for disease progression as severely abnormal liver enzyme 

elevation, incapacitating symptoms, histological presence of interface hepatitis, bridging 

necrosis, or multiacinar collapse portend a worse prognosis without treatment. 

Table 3 

Indications for treatment of autoimmune hepatitis. 

 

Absolute Relative None 

Clinical Incapacitating symptoms Symptoms 

(Fatigue, arthralgia, 

Jaundice, Abdominal 

Pain) 

Asymptomatic 

 

Laboratory AST ≥ 10 fold ULN 

AST ≥ 5 fold ULN and 

AST or HG less than Normal or near normal 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B59
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B56
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Absolute Relative None 

HG ≥ 2 fold ULN absolute criteria AST and γ Globulins 

 

Histology Bridging necrosis or 

Multiacinar necrosis on 

Histology 

Interface hepatitis Inactive cirrhosis or mild 

portal hepatitis 

*Relative Contraindications to immunosuppressant therapy-Osteopenia, Emotional Lability, 

Hypertension, Diabetes, Mild Cytopenia 

*Absolute Contraindications to Azathioprine or Prednisone-Vertebral compression, Psychosis, 

Uncontrolled hypertension, Brittle Diabetes, Severe Cytopenia (WBC count < 2.5 × 109/L, 

Platelet count < 50 × 109/L), Complete deficiency of Thiopurine methyl-transferase enzyme, 

Known intolerance to prednisone or azathioprine 

AST-Aspartate aminotransferase HG-Hypergammaglobulinemia ULN-Upper limit of normal. 

5.2. Treatment Regimens 

Prednisone alone (60 mg daily with taper down to 20 mg daily in 4 weeks) or at a lower dose 

(30 mg with taper down to 10 mg daily in 4 weeks) in combination with azathioprine (50 mg 

daily) is the most effective treatment regimen studied in randomized clinical trials [76]. The 

preferred regimen is listed in Table 4. Both regimens are similarly effective and differ only in the 

frequency of side effects. Histologic improvement lags behind clinical and laboratory resolution 

by 3 to 8 months, and therapy should be continued for at least 3–6 months beyond this point of 

improvement. Treatment is often maintained for at least 2 years before withdrawal of drug 

therapy is considered. The end points for treatment include remission, treatment failure, 

incomplete response, or development of drug toxicity. Their criteria and subsequent intervention 

are summarized in Figure 2. 
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Figure 2 

Endpoints for Immunosuppressive treatment with course of action in AIH. 

Table 4 

Treatment regimen for autoimmune hepatitis. 

Combination therapy Monotherapy 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/figure/fig2/
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Prednisone (mg/day) Azathioprine (mg/day) Prednisone (mg/day) 

30 mg × 1 week 50 mg 60 mg × 1 week 

20 mg × 1 week 50 mg 40 mg × 1 week 

15 mg × 2 weeks 50 mg 30 mg × 2 weeks 

10 mg maintenance dose 50 mg 20 mg maintenance dose 

Therapy may span over several years and hence treatment side effects must be taken into 

consideration. Corticosteroids can cause weight gain, central obesity, moon facies, prominent 

supraclavicular fat pad, acne, bruising, cutaneous striae, cataracts, glaucoma, peptic ulcers, 

deterioration of hypertension and diabetic control. Long-term side effects include increased risk 

of fractures secondary to osteoporosis and avascular necrosis of bone. Patients with brittle 

diabetes, severe osteoporosis, vertebral compression fractures, psychosis, obesity, and 

uncontrolled hypertension should be carefully evaluated for a treatment benefit before starting 

corticosteroids. If severity of disease necessitates corticosteroid therapy, adequate measures 

should be instituted to control the comorbid conditions [56]. In patients with mild disease or 

relative contraindications to prednisone, budesonide 3 mg TID (in place of prednisone) is an 

option to reduce overall treatment side effects with no impairment of efficacy [77, 78]. Its 

benefits are derived from the 90% first pass metabolism which results in less steroid-induced 

side effects while maintaining efficacy. 

5.3. Alternative Treatments 

Alternative regimens must be considered in several circumstances: after treatment failure with 

prednisone (60 mg daily) or prednisone (30 mg daily) and azathioprine (150 mg daily), 

incomplete response to conventional therapy, or intolerance to conventional therapy. 

Mycophenolate mofetil (2 g daily) has shown improvement in 39–84% patients who were unable 

to tolerate azathioprine but use was limited by side effects (nausea, vomiting, rash, pancreatitis, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3132488/#B39
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diarrhea, cytopenia) [79–81]. Patients in these studies were also treated with steroids in 

conjunction with Mycophenolate mofetil. There are studies demonstrating benefit to the use of 

cyclosporine (in conjunction with prednisone) for patients refractory to standard therapy. In 

addition, a report suggests some benefit to tacrolimus, but has not been evaluated in randomized 

clinical trials [82]. The risk of toxicity must be weighed with these and other agents. 

Ursodeoxycholic acid has been studied in randomized trials and unfortunately was not found to 

be of benefit [83]. 

5.4. Treatment of Relapse 

Relapse is characterized by an increase in the serum aminotransferase levels to at least threefold 

normal. Relapse occurs in 50% to 86% of patients, most often during the first 6 months after the 

termination of therapy (50%). The first relapse after drug withdrawal should be retreated with a 

combination of prednisone plus azathioprine at the same treatment regimen as with the initial 

course of therapy and then tapered to monotherapy with either azathioprine (2 mg/kg daily) as a 

long-term maintenance therapy or indefinite low-dose prednisone (10 mg daily) in patients 

intolerant of azathioprine. Gradual withdrawal from maintenance therapy may be attempted 

again after at least 24 months of treatment and continued normal serum AST or ALT level only 

after careful benefit risk evaluation in patients who had previously relapsed. Repeated relapse 

(>2 times) has been associated with worse outcomes [84]. 

5.5. Liver Transplantation (LT) 

AIH is the underlying cause for 4%–6% cases of liver transplants done in the Western world 

[85, 86]. It usually results from a failure to diagnose and treat AIH as an etiology of cirrhosis, 

inadequate response or intolerance to immunosuppressive therapy, or noncompliance with 

treatment. Treatment failure requiring transplant is more often associated with the HLA genotype 

DRB1*0301 [87].  

7. Conclusion and Future Perspectives 

Autoimmune hepatitis is one of the few liver diseases with excellent response to therapy. On the 

other hand, it still remains a liver disease with many unanswered questions, particularly in 

respect to its etiology and pathogenesis. Management, however, still faces several other 

important issues, such as in children, the elderly, in males, and during the preconception period, 

pregnancy, and lactation. A key to successful management is thinking of it, recognizing the 

nonclassical presentations, and individualizing therapy. 
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