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EditorialEditorialEditorialEditorialEditorial

Though  it is very difficult to define drug disaster covering all the modalities in confined sentences still one can

attempt to  define drug disaster as the ill effect/hazards it causes immediately/ after few days  or months  or after prolong

period of use the prescribed drug after it reaches the market  for therapeutic uses. Here an endeavour has been undertaken

to cite menace encountered by the subjects as a drug disaster in the history of medicine in chronological orders till date.

This sort of disaster becomes a major problem/challenge since it is observed  in spite of after the routine and detailed

research and clinical studies. The effort has been made  where eight drug disaster cases have been focused and the

criteria for the discussion, being drug category, use, disaster, manufacture and incidents. The drugs involved in this

disaster studies are sulfanilamide, diethylstilboesterol, rofecoxib, thalidomide, fenfluramine/ phentermine, cerivastatin,

troglitazone and nimesulide. The review was performed from different angles. All were either due to the incomplete and

thorough clinical studies of the active pharmaceutical ingredient and the excipients as a whole or due to the inadequate

postmarketing surveillance of the specified product.

              A drug may be defined, in the broadest of terms, a chemical substance or certain specialised categories of

critical drugs such as blood and blood products, intravenous fluids, vaccine and sera that has known biological effects on

humans or other animals. Foods  with some exceptions are generally excluded from this definition, in spite of their

physiological effects on animal species. In pharmacology, a drug is “a chemical substance used in the treatment, cure,

prevention, or diagnostic purposes of diseases or used to otherwise enhance physical or mental well-being”.

             Drug disaster may arise due to various reasons or factors. This may be initiated during the administration of

elevated doses of certain drug or arises due to unforeseen technical defects during manufacturing time either may be by

use of toxic chemicals, solvents or other excipients.  The most severe drug disaster in the history of medical sciences in

the last two centuries as reported is that of phocomelia with thalidomide. Recent withdrawals  from the market, some of

high-profile drugs have led to a re-examination of the process of drug regulation and have stimulated concern that the

current process is inadequate for protection of the public health.

Some of the severe documented “drug disasters” in the history of modern medicines are as follows:

(1) Sulfanilamide Disaster: In September, 1937, SE Massengill Company, a pharmaceutical manufacturer, created

a preparation of sulfanilamide (antibacterial) using diethyleneglycol (DEG) as a solvent and raspberry flavoured , marketed

as  “elixir sulfanilamide” for first-aid treatment to reduce infection rates when used for treatment of vaginal yeast infections.

This     elixir sulfanilamide was a preparation improperly made from sulphanilamide that caused mass poisoning in the

United States.  By October 1911, the American Medical Association (AMA) received reports of several deaths caused

by the medication. Accordingly, the Food and Drug Administration (FDA) was notified, and an extensive search was

conducted to recover the distributed medicine. DEG was responsible for the fatal adverse effects since it is poisonous to

humans and other mammals. At least 100 deaths were recorded with the use of this medication.

(2) Diethylstilboestrol (DES): Stilboestrol or DES, asynthetic oestrogen in tablet up to 5 mg preparation was

approved by the United States FDA on September 19, 1941 for four indication  such as  gonorrhoeal vaginitis, atrophic

vaginitis, menopausal symptoms, and postpartum lactation suppression to prevent breast engorgement during 1940-

1971.Later it was found that DES, a toxic and carcinogenic synthetic oestrogen, is considered the world’s   first drug
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disaster which was prescribed to millions of pregnant women for decades: from 1938 until 1971 (and in a small number

of cases for several years thereafter) in the United States; and until the mid 1980s in parts of Latin America, Europe,

Australia, and the  other countries including Asia.  The  effects of exposure of the preparation, include a rare vaginal

cancer in DES daughters; greater risk for breast cancer in DES mothers; possible risk for testicular cancer in DES sons;

abnormal reproductive organs; infertility; high-risk pregnancies; and an increased risk for breast cancer in DES daughters

after age 40, have been recorded.

This disaster came to light when it was shown to cause a rare vaginal tumour in girls and young women who had

been exposed to this drug in uterus. In 1971, the New England Journal of Medicine, published a report showing that

seven of eight girls and young women (ages 14 to 22) who had been diagnosed with vaginal clear cell adenocarcinoma,

had been exposed prenatally to DES. Subsequent studies have shown an approximate 40-fold increased risk of vaginal/

cervical clear cell adenocarcinoma in women exposed in uterus to DES. As a consequence of this report, DES is

considered an established human carcinogen.

(3) Rofecoxib (Vioxx): An anti-inflammatory molecule of   non-steroidal anti-inflamatory drug (NSAID) category,

(manufactured by Merck & Co), a selective COX-2 inhibitor, though COX has two well-studied isoforms, called

COX-1 and COX-2. COX-1 mediates the synthesis of prostaglandins responsible for protection of the stomach lining,

while COX-2 mediates the synthesis of prostaglandins responsible for pain and inflammation. By creating “selective

NSAIDs” that inhibit COX-2, but not COX-1, the same pain relief as traditional NSAIDs offered, but with greatly

reduced risk of fatal or debilitating peptic ulcers. Rofecoxib is a selective COX-2 inhibitor, or “coxib”, used to be

prescribed in the treatment of osteo-arthritis, other inflammatory conditions associated with acute pain conditions, and

dysmenorrhoea. After disclosures that Merck withheld the  information about rofecoxib's risks from doctors and patients

for over five years, resulting in between 88,000 and 140,000 cases of serious heart disease. Subsequently, on September

30, 2004, Merck withdrew the rofecoxib from the market because of concerns about increased risk of heart attack and

stroke associated with long-term, high-dosage use. Rofecoxib was one of the most widely used drugs ever to be

withdrawn from the market.

(4) Thalidomide1: Thalidomide became an over the counter drug in Germany on October 1, 1957. Shortly after

the drug was sold, in Germany, between 5,000 and 7,000 infants were born with phocomelia (malformation of the

limbs). Only 40% of these children survived. Throughout the world, about 10,000 cases were reported of infants with

phocomelia due to thalidomide; only 50% of the 10,000 survived. Those subjected to thalidomide consumption, while in

the womb experienced limb deficiencies in a way that the long limbs either were not developed or presented themselves

as stumps. Other effects included deformed eyes and hearts, deformed alimentary and urinary tracts, blindness and

deafness

                   An immuno-modulatory drug, manufactured by  ChemieGrünenthal, erstwhile West Germany,  with possible

mechanism of  action includes anti-angiogenic, oxidative stress-inducing effects as well as inhibition of  TNF-α, IL-6,

IL-10 and IL-12 production, modulation of the production of IFN-γ and enhancement of  the production of IL-2, IL-4

and IL-5 by immune cells. It also increases lymphocyte count, costimulates T-cells and modulates natural killer cell

cytotoxicity as well as it also inhibits of NF-κB and COX-2 activity.

The drug also used to be prescribed as a sedative or hypnotic, thalidomide also claimed to cure “anxiety,

insomnia, gastritis, and tension”. Afterwards, it was used against nausea and to alleviate morning sickness in pregnant
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women. In the late 1950s and early 1960s, more than 10,000 children in 46 countries were born with deformities such

as phocomelia as a consequence of thalidomide use. Despite the side-effects, thalidomide was sold in pharmacies in

Canada until 1962; Canada was the last country to end sales of the drug. In the United Kingdom, the drug was licensed

in 1958 and withdrawn in 1961. Of the approximately 2,000 babies born with defects, around half died within a few

months and 466 survived to at least 2010.The negative effects of thalidomide led to the development of more structured

drug regulations and control over drug use and development.

(5) Fenfluramine/phentermine: An antiobesity drug manufactured by Wyeth (USA), it is the racemic mixture of

two enantiomers, dextrofenfluramine and levofenfluramine. It increases the level of the neurotransmitter serotonin, a

chemical that regulates mood, appetite and other functions. Fenfluramine causes the release of serotonin by disrupting

vesicular storage of the neurotransmitter, and reversing serotonin transporter function. .The result is a feeling of fullness

and loss of appetite.

The distinctive valvular abnormality was documented with fenfluramine such as thickening of the leaflet and

chordae tendineae.  A possible mechanism, underlying this phenomenon is involvement of heart valve serotonin receptors,

which are thought to help to regulate growth. Since fenfluramine and its active metabolite norfenfluramine stimulates

serotonin receptors, this may have led to the valvular abnormalities found in patients, using fenfluramine. In particular

norfenfluramine is a potent agonist of 5-HT2B receptors, which are plentiful in human cardiac valves. The suggested

mechanism by which fenfluramine causes damage is through over or inappropriate stimulation of these receptors leading

to inappropriate valve cell division.

The drug was withdrawn from the US market in 1997, after reports of heart valve disease, and pulmonary

hypertension, including a condition known as cardiac fibrosis. After the US withdrawal of fenfluramine from market,

other countries of the globe have also withdrawn the molecule. It was banned in India in 1998.

(6) Cerivastatin (Baycol): An antihyperlipidaemia agent (statin group) to reduce cholesterol and cardiovascular

diseases, a HMG-COA reductase inhibitor manufactured by Bayer (USA). Year of withdrawal, 2001. During postmarketing

surveillance, 52 deaths were documented in patients using cerivastatin, mainly from rhabdomyolysis. According to scientific

reports, the use of cerivastatin was linked to rhabdomyolysis, was established, which lead to subsequent renal failure,

and was responsible for 31 fatalities in the United States and a further 21 deaths worldwide. In addition, 385 nonfatal

cases out of the estimated 700,000 users in the United States, most of whom required hospitalisation were reported.

Moreover, this drug-drug interaction was implicated in 12 of the 31 fatalities in the United States, among the fatal cases,

patients who had received the full dose of cerivastatin (0.8 mg/day) or were using gemfibrozil (Lopid®) concomitantly2.

Rhabdomyolysis is a condition in which damaged skeletal muscle tissue breaks down rapidly. Breakdown products

of damaged muscle cells, the myoglobin and other  muscle degraded muscle proteins are released into the bloodstream,

especially, mainly,  protein myoglobin, are harmful to the kidneys and may lead to renal failure. The severity of the

symptoms, which may include muscle pains, vomiting and confusion, depends on the extent of muscle damage and

whether kidney failure develops.

(7) Troglitazone (Rezulin): Antidiabetic and anti-inflammatory drug of thiazolidinediones like the other

thiazolidinediones (pioglitazone and rosiglitazone), manufactured by Daichi Sankyo and Parke-Davis,acts by activating

peroxisome proliferator-activated receptors (PPARs). Troglitazone is a ligand to both PPARα and - more strongly -

PPARγ. Troglitazone also contains a α-tocopheroyl moiety, potentially giving it vitamin E-like activity in addition to its
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PPAR activation. It has been shown to reduce inflammation. Troglitazone use was associated with a decrease of nuclear

factor kappa-B (NF-κB) and a concomitant increase in its inhibitor (IκB). NFκB is an important cellular transcription

regulator for the immune response.The drug was withdrawn from market in the year 2000 in Great Britain.

Troglitazone was the first thiazolidinedione approved for use in the United States and was licensed for use in type

2 diabetes in 1997, but withdrawn after 3 years later because of the frequency of liver injury including acute liver failure

associated with its use3. Troglitazone was approved for use to be used alone or in combination with other antidiuretic

medications.  However, reports of severe liver injury and death from acute liver failure began to arise soon after its

general availability.  Large prospective studies showed that significant elevations in serum aminotransferase levels [equal

to or greater than 3 times the upper limit of the normal range (ULN)] occurred in 1.9% of patients with diabetes treated

with troglitazone for 24 to 48 weeks, compared to only 0.6% in placebo recipients.  These enzyme elevations were

usually asymptomatic and often resolved despite continuation of therapy. Nevertheless, elevations greater than 10 times

ULN occurred in 0.5% of patients (but in no placebo recipient) and a proportion of these developed symptoms of liver

injury and jaundice. Liver biopsies showed acute inflammatory changes and variable degrees of necrosis, ranging from

rare spotty necrosis to bridging hepatic necrosis and submassive or massive necrosis.  At least two dozen cases of acute

liver failure and death or need for liver transplantation were reported to the FDA before troglitazone was withdrawn from

use in 20004.

(8) Nimesulide: A selective selective cox-2 inhibitor belongs to   category of  NSAID, Manufactured by Helsinn

Healthcare South Africa,used to be prescribed in the treatment of acute pain, the symptomatic treatment of osteo-

arthritis and primary dysmenorrhoea in adolescents subjects, adults above 12 years old. It has a multifactorial mode of

action and is characterised by a fast onset of action.

             The Irish Medicines Board (IMB) has decided to suspend nimesulide from the Irish market and refer it to the

European Union Committee for Human Medicinal Products (CHMP) for a review of its benefit versus risk profile. The

decision is due to the reporting of six cases of potentially related liver failures to the IMB by the National Liver Transplant

Unit, St Vincent Hospital  occurred in the period from 1999 to 2006. Several reports have been pointed to adverse drug

reactions in India, On February 12, 2011, it was notified that the Union Ministry of Health and Family Welfare, Government

of India, had decided to ban the paediatric use of the analgesic and accordingly, nimesulide suspension. From 10 March

2011, onwards this formulation for human use in children below 12 years of age has been banned. On 23rd June 2011,

the European Medicines Agency, concluded the review of systemic nimesulide-containing medicine. They concluded

that the benefits of systemic nimesulide continue to outweigh their risks in the treatment of patients with acute pain and

primary dysmenorrhoea.

Management of drug disasters including vaccines still remain an addressable challenges with newer modalities to

human population particularly with safest therapeutic applications   all among the human population remains a major

therapeutic challenge throughout the world. Discussion pointed to disasters of different drug molecules, encounteredin

the recent past and present days are a tip of the iceberg.From the different cases as have been cited here, all were either

due to the incomplete thorough clinical studies of the active pharmaceutical ingredient and the excipients as a whole or

due to the inadequate postmarketing surveillance of the specified product.

In Indian scenario, first regulation was initiated in 1940 and subsequently amended. They are as follows:

(1) Drugs and Cosmetics Act, 1940 and Rules, 1945 as amended up to the 31st December, 2016.
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(2) Drugs and Cosmetics Act 2008–THE DRUGS & COSMETICS (AMENDMENT) ACT, 2008.

(3) Drugs and Cosmetics Act 2008–GUIDELINES UNDER NEW PENAL PROVISION.

(4) Right to Information (RTI) Act.

(5) The Draft Drugs and Cosmetics (Amendment) 2015.

(6) Central Drugs Standard Control Organisation(CDSCO).

Moreover, CDSCO, under Directorate General of Health Services,Ministry of Health & Family Welfare, under

Government of India is the National Regulatory Authority (NRA) of India. Its headquarter is located at FDA Bhawan,

Kotla Road, New Delhi 110002 and also has six zonal offices,four subzonal offices,thirteen Port offices and seven

laboratories spread across the country.The Drugs and Cosmetic Act,1940 and rules 1945 have entrusted various

responsibilities to central and state regulators for regulation of drugs and cosmetics.It envisages uniform implementation

of the provisions of the Act and Rules made there under for ensuring the safety, rights and well-being of the patients by

regulating the drugs and cosmetics. CDSCO is constantly thriving upon to bring out transparency, accountability and

uniformity in its services in order to ensure safety, efficacy and quality of the medical product manufactured, imported

and distributed in the country.

Under the Drugs and Cosmetics Act, CDSCO is responsible for approval of drugs, conduct of clinical trials,

laying down the standards for drugs, control over the quality of imported drugs in the country and co-ordination of the

activities of state drug control organisations by providing expert advice with a view of bringing about the uniformity in the

enforcement of the Drugs and Cosmetics Act. Further CDSCO along with state regulators, is jointly responsible for

grant of licenses of certain specialised categories of critical drugs such as blood and blood products, IV fluids, vaccine

and sera.
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Prevalence of Residual Symptoms of Hypothyroidism after

Normalisation of Thyroid Stimulating Hormone and Their Corre-

lation with Anti Thyroid Peroxidase Antibody Titre and the Final

Outcome on Treatment of Hypothyroidism

Abstract:

An institution-based cross-sectional observation study was carried at the outpatient facility of the department

of endocrinology and metabolism of IPGME&R, Kolkata, India during the period January 2020 to June 2020 to

study the frequency of persistent symptoms in patients with subclinical and overt hypothyroidism after normalisation

of thyroid stimulating hormone and also to determine the correlation of anti thyroid peroxidase antibody titre and

final thyroid stimulating hormone with residual symptoms of  hypothyroidism. The study involved 25 patients with

overt hypothyroidism and 25 patients with subclinical hypothyroidism. Clinical evaluation, estimation of Billewicz

score and measurement of serum thyroid stimulating hormone and free T4 were done before initiation of  laevothyroxine

and again after normalisation of thyroid stimulating hormone. Anti thyroid peroxidase antibody titre was also obtained.

After normalisation of thyroid stimulating hormone, 68% patients with overt hypothyroidism and 56% patients

with subclinical hypothyroidism had residual symptoms. Although the anti thyroid peroxidase antibody levels were

significantly higher in those with overt hypothyroidism as compared to those with subclinical hypothyroidism, the titre

did not influence the final Billewicz score or residual symptoms. A positive correlation was found between final

thyroid stimulating hormone and persistent symptoms, but it was not statistically significant (p = 0.222). Persistence

of one or more symptoms of hypothyroidism despite normalisation of thyroid stimulating hormone with laevothyroxine,

is a commonly encountered clinical problem. Anti thyroid peroxidase antibody titre and final thyroid stimulating

hormone level did not have a statistically significant correlation with residual symptoms in this study.

Key words: Billewicz score, overt hypothyroidism, subclinical hypothyroidism, antibody, thyroid peroxidase,

laevothyroxine.

Introduction:

Subclinical hypothyroidism (SCH) and overt hy-
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pothyroidism (OH) are a very common presentation in clini-
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cal practice with a population prevalence of 5-10 %, being

more common in females1. Autoimmune thyroiditis or

Hashimoto thyroiditis is by far the most common aetiology

of hypothyroidism, accounting for 80-90% cases, and is

characterised by the presence of anti thyroid peroxidase

(TPO) and / or anti thyroglobulin antibodies in the serum.

Laevothyroxine supplementation is the established standard

of care in hypothyroidism irrespective of aetiology, with the

therapeutic goal being a thyroid stimulating hormone (TSH)

in the lower half of the reference range2,3.

Serum TSH is the most sensitive marker of ad-

equate laevothyroxine replacement, and it demonstrates and

inverse log linear relationship with serum T4 levels.

Exceptions to this general rule are central hypothyroidism,

congenital hypothyroidism in the first few months of life and

iatrogenic hypothyroidism in a patient with Graves disease2,3.

Although normalisation of TSH is easily achieved

in most patients, persistence of symptoms attributable to

hypothyroidism is common in practice. Such residual symp-

toms may be a consequence of associated comorbidities

such as anaemia, vitamin D deficiency and somatoform dis-

orders, or may truly reflect persistent hypothyroidism at

the tissue level despite a normal serum TSH and free T41.

T3 is the active form of thyroid hormone and is

around 3 times more potent than T4 in activating the thy-

roid hormone receptors TR alpha and beta1. T3 or

liothyronine is not used for treating hypothyroidism due to

its shorter half-life, necessitating multiple daily dosing and

frequent blood sampling for monitoring. T4 on the other

hand has a long half-life of 7 days, permitting once daily

dosing and stable serum levels, which serve as a steady

pool for conversion to active T3 at the tissue level. This

conversion of T4 to T3 is mediated by certain selenium

containing enzymes known as deiodinases, mainly type 2

and to a lesser extent type 1 deiodinase. In euthyroid indi-

viduals, 80 % of the circulating T3 is derived from periph-

eral deiodination and only 20% from direct glandular se-

cretion.

Type 2 deiodinase or D2 is located intracellularly

in the endoplasmic reticulum, and is expressed in various

tissues such the brain, pituitary, thyroid, skeletal muscle,

heart, placenta and brown adipose tissue. D2 is upregulated

in the setting of hypothyroidism and serves to maintain ad-

equate intracellular T3 levels in the face of falling serum T4

levels1. Genetic polymorphisms of D2 can effect its enzy-

matic activity and result in inadequate cellular T3 concen-

trations despite adequate T4 replacement4. This may ex-

plain persistence of certain symptoms of hypothyroidism

such as fatigue, myalgia, anorexia and cold intolerance even

after normalisation of TSH5,6.

Further studies are needed to establish the role of

T3 supplementation in patients who have persistent symp-

toms of hypothyroidism even despite achieving a normal

TSH with laevothyroxine treatment. This would bypass the

deiodinase step and ensure adequate tissue levels of T3.

Another issue which needs to be looked at, is the role played

by anti TPO antibodies in the symptomatology of hypothy-

roidism. It is well known that in addition to serving as a

marker of the autoimmune process, these antibodies do

have a pathogenic role in Hashimoto thyroiditis. Anti TPO

antibodies can fix complement, facilitate antigen presenta-

tion to T cells and promote antibody dependent cell medi-

ated cytotoxicity1.

The usual therapeutic end point in patients with hy-

pothyroidism is a TSH level in the lower half of the refer-

ence range, about 0.4 - 2.5 mIU/l. It is also worthwhile to

examine if achieving a TSH close to the lower limit of the

reference range helps in mitigating some of the residual

symptoms of hypothyroidism.

In this study, we have attempted to study whether

anti TPO antibody levels and the final TSH achieved with

laevothyroxine supplementation were higher in hypothyroid

patients with residual symptoms, in comparison to those

without any residual symptoms. We have also estimated

the  Billewicz score (BS) – a validated symptom score for

hypothyroidism, both before and after optimal treatment
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with laevothyroxine.

Materials and Methods:

Study design – This study was a tertiary institu-

tion-based cross-sectional observation one, conducted at

the outpatient facility of the department of endocrinology

and metabolism of IPGME&R and SSKM Hospital,

Kolkata, over a period of six months (January 2020 to

June 2020). Fifty treatment naïve adult patients of primary

hypothyroidism were selected by simple random sampling,

of which 25 had OH and 25 had SCH. Of these 50 cases,

44 were female and 6 were male. Exclusion criteria were

pregnancy, age below 18, iatrogenic hypothyroidism fol-

lowing thyroidectomy, radioiodine ablation or antithyroid

drugs, and prior or ongoing laevothyroxine treatment.

Objectives of the study – (a) To study the fre-

quency of persistent symptoms of hypothyroidism in pa-

tients with SCH and OH after normalisation of TSH. (b)

To determine the correlation between anti TPO antibody

titre and residual symptoms of hypothyroidism. (c) To de-

termine whether the final TSH achieved with laevothyroxine

supplementation has any correlation with persistent symp-

toms of hypothyroidism.

Study technique and methods of data collec-

tion – After proper informed consent, all patients were

subjected to clinical assessment of symptoms and signs of

hypothyroidism, and estimation of serum TSH, free T4, anti

TPO antibody titre. The BS, a validated clinical score for

hypothyroidism was calculated for each patient. Subse-

quently, laevothyroxine therapy was initiated and the dose

was adjusted if needed to achieve a serum TSH within the

normal reference range ( 0.4 - 4.0 mIU/l ).  Each of the 25

patients with SCH satisfied the criteria for treatment initia-

tion as per standard guidelines3,7. Repeat clinical and bio-

chemical evaluation was performed after normalisation of

TSH, with particular attention to any residual symptoms of

hypothyroidism. Change in body weight during the course

of treatment was noted. The BS was re-estimated and a

repeat serum free T4 obtained. For most patients,

normalisation of TSH occurred by 8 weeks, while in some

it required 12-24 weeks with adjustment of laevothyroxine

doses. Adequate compliance with therapy was ensured at

each visit. Patients were instructed to take the laevothyroxine

tablets 1 hour prior to breakfast and to avoid interfering

medications for 4 hours. The BS was calculated as de-

picted in Table 18.

The maximum and minimum possible scores are

67 and – 47 respectively9. The BS was estimated in each

patient prior to starting laevothyroxine and after

normalisation of TSH and the reduction in the score was

noted.

Statistical methods – Continuous variables are

expressed as mean, median and standard deviation and com-

pared across the groups using Mann-Whitney ‘U’ test10.

Association between continuous variables captured using

Spearman’s rank correlation coefficient. The statistical soft-

ware SPSS version 20 has been used for the analysis. An

alpha level of 5% has been taken ie, if any p-value is less

than 0.05 it has been considered as significant.

Results:

The study involved 50 cases of which 25 had OH

defined as an elevation of TSH with free T4 below the lower

limit of normal, and 25 had SCH defined as an increased

TSH with normal free T4 levels. Of the 50 cases, 44 were

female and 6 were male. The age of the patients varied

from 18 to 69 years. TSH, free T4 and anti TPO antibody

were estimated by chemiluminescence and their reference

ranges were as follows :

TSH : 0.4 - 4 mIU/l

Free T4 : 0.8 - 1.9 ng/dl

Anti TPO antibody : < 34 IU/l

Anti TPO antibody was positive in 45 cases, and

negative in 5 cases. Amongst those with detectable anti TPO

antibodies, the titre ranged from 38.4 - 250 IU/l. The mean

anti TPO antibody titre in those with OH and SCH was



128.48 IU/l ( SD : 62.77 IU/l ) and 101.17 IU/l ( SD :

189.6 IU/l ) respectively (p < 0.001).

The mean initial BS in patients with OH and SCH

was 3.80 ( SD : 23.33 ) and – 24.92 ( SD : 22.93 ) re-

spectively (p < 0.001).

62% of patients had one or more persistent symptoms at-

tributable to hypothyroidism even after achieving a normal

TSH.

Amongst those residual symptoms, 17 had OH and

14 had SCH. In other words 68% patients with OH and

All the patients with SCH satisfied criteria for treat-

ment initiation as per standard guidelines. Twenty-four pa-

tients had one or more symptoms, 18 had goitre and 21

had TSH more than 10 mIU/l. The most common symp-

toms encountered in patients with SCH were anorexia, fa-

tigue, myalgia, paresthesia, dry skin and constipation.

After normalisation of TSH with laevothyroxine

treatment, the 50 cases were divided into 2 subgroups–

those with residual symptoms of hypothyroidism (n = 31)

and those without any residual symptoms (n = 19). Thus

56% patients with SCH had residual symptoms.

The mean final BS in the OH and SCH groups were

–37.04 ( SD : 11.58) and –41.76 ( SD : 9.73 ) respectively

( p = 0.145 ).

The mean reduction in BS in the OH and SCH

groups were 40.84 ( SD : 23.60) and 13.08 (SD : 13.04)

respectively ( p < 0.001 ) (Table 2).

Thus it can be seen that although the initial BS and

the reduction in the score with treatment were significantly

larger in those with OH as compared to those with SCH,

Table 1 – Showing Billewicz Score as Calculated

Symptoms/ signs Present Absent 

 

Symptoms : 

   Diminished sweating 

 

 

6 

 

 

– 2 

   Dry skin 3 – 6 

   Cold intolerance 4 – 5 

   Weight gain 1 – 1 

   Constipation 2 – 1 

   Hoarseness 5 – 4 

   Deafness 2                            0 

Signs :   

   Slow movements 11 – 3 

   Coarse skin 7 – 7 

   Cold skin 3 – 2 

   Peri-orbital puffiness 4 – 6 

   Pulse rate 4 – 4 

   Ankle jerk 15 – 6 
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the final score after normalisation of TSH was not statisti-

cally different between the two groups.

It was noted that some patients in both groups had

residual symptoms despite achieving a final BS of – 47,

which is the minimum possible score. This can be explained

by the fact that the BS does not take into account certain

symptoms like anorexia, fatigue, alopecia, menstrual irregu-

relation between anti TPO antibody titre and the final BS

was not found in this study (correlation coefficient = 0.048

and p = 0.739). The mean anti TPO antibody titre in pa-

tients with and without residual symptoms was 118.5 IU/l

(SD : 169.41 IU/l) and 108.83 IU/l (SD : 76.22 IU/l) re-

spectively (p = 0.810). Thus it can be seen that although

the anti TPO antibody levels were significantly higher in those

Table 2 – Showing Various Parameters in Both Overt Hypothyroidism and Subclinical

Hypothyroidism Groups

larity and myalgia. A final score of – 47 was observed in

26 out of the 50 cases (11 with OH and 15 with SCH).

A positive correlation was found between age and

final BS (correlation coefficient = 0.246, p = 0.085 ), which

however was not statistically significant.

The mean final BS in females and males was –39.59

and –38.0 respectively (p = 0.809). Nearly all patients

had a decrease in body weight over the period of treat-

ment, with mean weight loss being –2.54 kg in the OH

group and –0.38 kg in the SCH group ( p < 0.001 ). The

mean dose of laevothyroxine needed to normalise TSH

was 101.12 mcg (SD : 19.32 mcg) in the OH group and

57.02 mcg (SD : 13.59 mcg) in the SCH group ( p <0.001)

(Table 2).

Correlation between anti TPO Ab titre and

residual symptoms – A statistically significant positive cor-

with OH as compared to those with SCH, the titre did not

influence the final BS or residual symptoms.

Correlation between final TSH and residual

symptoms – The mean final TSH in those with and without

residual symptoms was 1.86 mIU/l ( SD : 0.83 mIU/l ) and

1.53 mIU/l ( SD : 0.63 mIU /l ) respectively ( p = 0.222).

Thus, a statistically significant correlation between final TSH

and persistent symptoms was not found in this study.

Discussion:

Auto-immune hypothyroidism due to Hashimoto thy-

roiditis is an extremely common disorder encountered in

routine clinical practice and has a population prevalence of

5-10%. Although it is easily treatable with once daily

laevothyroxine supplementation, there are some challenges

which clinicians often face during the course of treatment.
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Parameter OH group ( mean ± SD) SCH group (mean ± SD) 

Initial Billewicz score 3.8 ± 23.33 - 24.92 ± 22.93 

Final Billewicz score - 37. 04 ± 11.58 - 41.76 ± 9.73 

Change in Billewicz score 40.84 ± 23.60 13.08 ± 13.04 

Anti TPO Ab Titre (IU/l) 128.48 ± 62.77 101.17 ± 189.6 

Decrease in body 

weight ( kg ) 

2.54 ± 1.41 0.38 ± 0.55 

LT4 dose ( mcg ) 101.12 ± 19.32 57.02 ± 13.59 

 



Some patients fail to achieve normalisation of TSH despite

taking an adequate dose of laevothyroxine. The clinician

must rule out non-compliance, interfering medications in-

hibiting the absorption or accelerating the metabolism of

laevothyroxine, TBG excess states such as pregnancy or

use of oral contraceptives, heterophile antibody and macro

TSH interferences, malabsorption syndrome and occasion-

ally a feedback adenoma in long standing hypothyroidism.

Furthermore many patients with OH as well as SCH

have persistence of one or more symptoms of hypothy-

roidism even after normalisation of TSH with LT411,12.

These residual symptoms may be a consequence of inad-

equate T3 concentration at the tissue level6,13, or may indi-

cate coexisting disorders such as anaemia, vitamin D defi-

ciency, PCOS, fibromyalgia and somatisation14. Hence it

is worthwhile to screen for such comorbidities in patients

complaining of persistent symptoms.

Adding T3 (liothyronine) to the regimen of

laevothyroxine to restore tissue levels of the active hor-

mone and ameliorate residual symptoms may be theoreti-

cally attractive15,16. However fluctuating serum levels of T3

due to its short half-life, the need for multiple daily doses

and frequent dose adjustments, and the risk of cardiac

adverse effects such as angina and atrial fibrillation are the

major drawbacks of using liothyronine17. Current guide-

lines do not recommend primary or adjunctive treatment

with T3 in hypothyroidism.

Another approach to deal with persistence symp-

toms of hypothyroidism is lowering of TSH to or just be-

low the lower limit of normal18. However, deleterious ef-

fects of subclinical hyperthyroidism on the bone and heart

is a serious concern19,20.

Anti TPO antibodies are a well known marker of

the auto-immune process in Hashimoto thyroiditis, and are

detectable in over 90 % cases. These antibodies have also

been shown to have some role in the pathogenesis of thy-

roid follicular destruction. Whether high titres of anti TPO

antibodies contribute to the persistence of hypothyroid

symptoms need to be studied.

This study was a tertiary institution-based cross-

sectional observation study, conducted at the endocrinol-

ogy OPD of IPGME&R and SSKM Hospital, Kolkata.

Fifty treatment naïve adult patients with hypothyroidism (25

with OH and 25 with SCH) were treated with once daily

laevothyroxine to achieve a normal TSH. Symptoms and

signs of hypothyroidism, Billewicz hypothyroidism symp-

tom score, body weight, TSH and free T4 were documented

at treatment initiation and after normalisation of TSH. Anti

TPO antibody was assayed at the beginning of the study.

The objectives were to study the frequency of per-

sistent symptoms in patients with SCH and OH after

normalisation of TSH and also to determine the correlation

of anti TPO antibody titre and final TSH with residual symp-

toms of hypothyroidism.

After normalisation of TSH, 68% patients with OH

and 56% patients with SCH had residual symptoms. Over-

all 31 patients had one or more persistent symptoms, of

which 17 had OH and 14 had SCH. A final BS of –47 was

observed in 26 out of the 50 cases (11 with OH and 15

with SCH). The mean final BS in the OH and SCH groups

were – 37.04 (SD : 11.58) and – 41.76 (SD : 9.73) re-

spectively (p = 0.145).

The mean anti TPO antibody titre was significantly

higher in the OH group as compared to the SCH group.  A

statistically significant positive correlation between anti TPO

antibody titre and the final BS was not found in this study

(correlation coefficient = 0.048 and p = 0.739).

The mean anti TPO antibody titre in patients with

and without residual symptoms was 118.5 IU/l ( SD : 169.41

IU/l) and 108.83 IU/l (SD : 76.22 IU/l) respectively (p =

0.810).

The mean final TSH in those with and without re-

sidual symptoms was 1.86 mIU/l ( SD : 0.83 mIU/l ) and

1.53 mIU/l (SD : 0.63 mIU /l ) respectively (p = 0.222).

Thus, a statistically significant correlation between final TSH

and persistent symptoms was not found in this study.
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Conclusions:

Persistence of one or more symptoms of hypothy-

roidism despite normalisation of TSH with laevothyroxine,

is a commonly encountered clinical problem. In this cross -

sectional observation study, 62% patients had some re-

sidual symptoms and 48% had a persistently abnormal BS

despite laevothyroxine treatment.

Although the anti TPO antibody levels were sig-

nificantly higher in those with OH as compared to those

with SCH, the titre did not influence the final BS or re-

sidual symptoms.

The correlation between final TSH and persistent

symptoms, was not statistically significant (p = 0.222). Fu-

ture studies with a larger sample size may further clarify the

role of suppressing TSH to the lower limit of normal for

treating residual symptoms of hypothyroidism. Associated

comorbid conditions such as vitamin D deficiency, anaemia,

fibromyalgia, and psychiatric disorders should always be

identified and treated in this subset of patients.
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Recombinant DNA Technology: Part I

Introduction:

Recombinant DNA technology was invented by

American biochemists Stanley N Cohen, Herbert W Boyer,

and Paul Berg. In the 1970s Berg isolated two different

DNA from two different viruses and then combined with

each other resulting a recombinant DNA molecule. Boyer

and Cohen then inserted this recombinant into plasmid fol-

lowed by infecting bacteria, which produced multiple cop-

ies of the recombinant molecule. Boyer and Cohen subse-

quently developed methods for the generation of recombi-

nant plasmids1,2. A few years before this invention, Swiss

microbiologist Werner Arber reported  type I restriction

enzymes, whereas  at about the same time American mi-

crobiologist Hamilton O Smith  identified type II restriction

enzymes3-5. Type I restriction enzymes cleave DNA at ran-

dom sites, whereas type II restriction enzymes cut DNA at

specific sites. So, type II enzymes became important tools

in genetic engineering.

Genetic engineering starts with the generation of

DNA clone ie,  members of a clone are genetically identi-

cal. Recombinant DNA technology has provided scientists
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stranded overhang.  Each restriction enzyme recognises just

one or a few restriction sites will cut in the DNA molecule

at its target sequence.

Thus, it produces an overhang of 5'-AATT-3' on

each end of the cut DNA (Fig 1). For this reason, enzymes

that leave single-stranded overhangs are said to produce

sticky ends. Sticky ends are helpful in cloning because they

hold two pieces of DNA together so they can be linked by

DNA ligase.

There are another types of restriction enzymes

which produce blunt ends, so they are known as cuts DNA

to produce “blunt cutters”, which cut straight down the

middle of a target sequence and leave no overhang. The

the ability to produce many copies of a single fragment of

DNA, such as a gene or a DNA of specific interest6-11. So,

Tice the procedure is carried out by inserting a DNA frag-

ment of interest into a DNA vector, known as DNA carrier

allowing this molecule to replicate inside a simple living cell

such as a bacterium. The most commonly used vectors are

plasmids (circular DNA molecules that originated from bac-

teria), viruses, and yeast cells.  Plasmids are not a part of

the main cellular genome, but they can carry genes that pro-

vide the host cell with useful properties, such as drug resis-

tance, mating ability, and toxin production. They are small

enough to be conveniently manipulated experimentally, and,

furthermore, they will carry extra DNA that is spliced into

Fig 1 – Restriction Endonuclease EcoR1 Digest of DNA

Restriction enzymes–These are DNA-cutting en-

zymes for a specific site in DNA. The enzymes found in

bacteria (and other prokaryotes)  make staggered cuts,

known  as restriction sites, producing ends with a single-

by DNA ligase. However, blunt-ended fragments are harder

to ligate together (the ligation reaction is less efficient and

more likely to fail) because there are no single-stranded

overhangs to hold the DNA molecules in position.

them10-15.

Creating the Clone:

restriction enzyme SmaI is an example of a blunt cutter

(Fig 2).

Blunt-ended fragments can be joined to each other

Fig 2 – Blunt Cutter SmaI Restriction Endonuclease Digest of DNA A SmaI Enzyme Cuts DNA and Produces Blunt

Ends, the Cut Sites are:5'-...CCC|GGG...-3'   3'-...GGG|CCC...5'
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DNA ligase: If two DNA molecules have match-

ing ends, they can be joined by the joining enzyme DNA

ligase. DNA ligase seals the gap between the molecules,

forming a single piece of DNA.

In DNA replication, ligase’s job is to join fragments

of newly synthesised DNA. The ligase does do basically

5'-...GAATTC...-3' 3'-...CTTAAG...-5' (Fig 3).

Recombinant Plasmid:

Let’s see how restriction digestion and ligation can

be used to insert a gene into a plasmid. Suppose we have a

target gene, flanked with EcoRI recognition sites, and a

Fig 3 – DNA Ligase Seals the Gap Created by EcoR1 Digestion

the same thing in DNA cloning. If two pieces of DNA have

matching ends, DNA ligase can join them together to make

an unbroken molecule.

The single-stranded regions of the two molecules

plasmid, containing a single EcoRI site:

We start off with a target gene and a circular plas-

mid. The target gene has two EcoRI restriction sites near

its ends. The plasmid has one EcoRI site in it, lying just

Fig 4 – EcoR1 Digestion of Target Gene and Plasmid

can stick together by hydrogen bonding, but there are still

gaps in the backbone:

5'-...G|AATTC...-3' 3'-...CTTAA|G...-5'

DNA ligase seals the gaps to make an unbroken molecule

of DNA:

after a promoter that drives expression in bacteria. The

sequence of the EcoRI sites is:

5'-GAATTC-3' 3'-CTTAAG-5' (Fig 4).

Our goal is to use the enzyme EcoRI to insert the

gene into the plasmid. First, we separately digest (cut) the
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gene fragment and the plasmid with EcoRI. This step pro-

duces fragments with sticky ends:

We separately digest (cut) the gene fragment and

the plasmid with Eco RI. This step produces fragments

with sticky ends. All of the ends have an overhang of four

nucleotides, with the sequence 5'-AATT-3'. That's because

Eco RI's cut pattern is:

5'-G|AATTC-3' 3'-CTTAA|G-5' (Fig 5).

Next, we take the gene fragment and the linearised

has now been inserted into the plasmid, making a recombi-

nant plasmid.

The mixture should now contain a population of

vectors each containing a different donor insert. This solu-

tion is mixed with live bacterial cells that have been spe-

cially treated to make their cells more permeable to DNA.

Recombinant molecules enter living cells in a process called

transformation (Fig 7). Usually, only a single recombinant

molecule will enter any individual bacterial cell. Once in-

Fig 5 – Insertion  of Target Gene into Plasmid

(opened-up) plasmid and combine them along with DNA

ligase. The sticky ends of the two fragments stick together

by complementary base pairing:

Next, we take the gene fragment and the linear-

ized (opened-up) plasmid and combine them along with

DNA ligase (Fig 6). The sticky ends of the two fragments

stick together by complementary base pairing. However,

there are still gaps in the sugar-phosphate backbones of

the DNA double helix at the junction sites where the gene

and plasmid DNA meet.

Once they are joined by ligase, the fragments be-

come a single piece of unbroken DNA. The target gene

side, the recombinant DNA molecule replicates like any

other plasmid DNA molecule, and many copies are subse-

quently produced. Furthermore, when the bacterial cell di-

vides, all of the daughter cells receive the recombinant plas-

mid, which again replicates in each daughter cell.

Molecular Cloning:

Target DNA molecule usually extracted from an

organism/animal or human DNA by restriction enzymes,

which is then inserted into a vector molecule, known as

plasmid.The vector is then cleaved and opened by restric-

tion enzymes.The target DNA is then inserted into the cir-

 22   MEDICAL GLORY, VOL 5, ISSUE NO 2, APRIL-JUNE, 2021



cular DNA, which can then reform the circle to include the

target DNA, and the vector can be inserted into a bacterial

Fig  6 – Confirmation  of Insertion of Target Gene into Plasmid at EcoR1 Site

cell so that the gene can produce multiple copies of target

DNA.

Fig 7 – Target  Gene Insertion and Recombinant Plasmid Construction

Restriction Mapping:

In a laboratory setting, knowing exactly where cer-

tain restriction sites are on a DNA strand is extremely helpful

and convenient. If the DNA sequence is known, restriction

mapping can be done by computer, which can quickly map

all possible restriction enzyme recognition sequences (Fig

8). If the DNA sequence is not known, a researcher can

still create a general map by using different enzymes by them-

selves and in conjunction with other enzymes to cleave the

molecule. Using deductive reasoning, the general restric-
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tion map can be created. Having a restriction map avail-

able is critical when cloning genes16.

DNA Sequencing:

Once a segment of DNA has been cloned, its nucle-

Fig 8 – Restriction  Map of pBR322. [Locations of restriction sites for each enzyme used in these experiments are

shown, with the base pair location indicated. Total plasmid size is 4361 base pairs]

Recombinant DNA Replication:

The process of transformation or heat shock is used

to put the recombinant DNA molecule into a host bacterial

cell, which can then generate many copies of the synthetic

DNA. These bacteria are grown on agar plates, cultured

up in special bacterial broths, and then lysed in order to

release the recombinant DNA. Finally, the DNA can be

verified by DNA sequencing, functional experiments, and

restriction enzyme digestion17.

otide sequence can be determined. The nucleotide sequence

is the most fundamental level of knowledge of a gene or

genome. It is the blueprint that contains the instructions for

building an organism, and no understanding of genetic func-

tion or evolution could be complete without obtaining this

information.

Sequencing (Fig 9) simply means determining the

exact order of the bases in a strand of DNA. Because bases

exist as pairs, and the identity of one of the bases in the pair
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determines the other member of the pair, researchers do

not have to report both bases of the pair.

In the most common type of sequencing used to-

day, called sequencing by synthesis, DNA polymerase (the

enzyme in cells that synthesises DNA) is used to generate

accuracy.

Researchers can use DNA sequencing to search

for genetic variations and/or mutations that may play a role

in the development or progression of a disease. The dis-

ease-causing change may be as small as the substitution,

Fig 9 – DNA Sequencer [It is shown how to DNA fingerprint using agarose gel, Southern blotting, and a radioactive

DNA probe, DNA is extracted, treated with restriction enzymes, and sequenced using gel electrophoresis to create a

genetic fingerprint]

a new strand of DNA from a strand of interest. In the se-

quencing reaction, the enzyme incorporates into the new

DNA strand individual nucleotides that have been chemi-

cally tagged with a fluorescent label. As this happens, the

nucleotide is excited by a light source, and a fluorescent

signal is emitted and detected. The signal is different de-

pending on which of the four nucleotides was incorporated.

This method can generate ‘reads’ of 125 nucleotides in a

row and billions of reads at a time13,14.

To assemble the sequence of all the bases in a large

piece of DNA such as a gene, researchers need to read

the sequence of overlapping segments. This allows the

longer sequence to be assembled from shorter pieces,

somewhat like putting together a linear jigsaw puzzle. In

this process, each base has to be read not just once, but at

least several times in the overlapping segments to ensure

deletion, or addition of a single base pair or as large as a

deletion of thousands of bases.

Isolation of Clone:

In general, cloning is undertaken in order to obtain

the clone of one particular gene or DNA sequence of inter-

est. The next step after cloning, therefore, is to find and

isolate that clone among other members of the library. If the

library encompasses the whole genome of an organism, then

somewhere within that library will be the desired clone.

There are several ways of finding it, depending on the spe-

cific gene concerned. Most commonly, a cloned DNA seg-

ment that shows homology to the sought gene is used as a

probe. For example, if a mouse gene has already been

cloned, then that clone can be used to find the equivalent

human clone from a human genomic library. Bacterial colo-
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nies constituting a library are grown in a collection of Petri

dishes. Then a porous membrane is laid over the surface of

each plate, and cells adhere to the membrane. The cells

are ruptured, and DNA is separated into single strands-all

on the membrane. The probe is also separated into single

strands and labelled, often with radioactive phosphorus. A

solution of the radioactive probe is then used to bathe the

membrane. The single-stranded probe DNA will adhere

only to the DNA of the clone that contains the equivalent

gene. The membrane is dried and placed against a sheet of

radiation-sensitive film, and somewhere on the films a black

spot will appear, announcing the presence and location of

the desired clone. The clone can then be retrieved from the

original Petri dishes6,7.

Protein Manufacture:

Recombinant DNA technology is used for the syn-

thesis of foreign proteins. This technique is useful for pre-

paring large amounts of protein. In addition, it can produce

valuable proteins for medical use. The genes for human

proteins such as growth hormone, insulin, and blood-clot-

ting factor can be commercially manufactured, are the ex-

ample of this procedure. Other approach is to introduce

the desired gene into the genome of an animal via recombi-

nant DNA technology and engineered in such a way that

the protein is secreted in the animal's milk16-19.

Genomic Library Construction:

Construction of a genomic library (Fig 10) involves

creating many recombinant DNA molecules. The host

(organism’s/animal/human)genomic DNA is extracted and

then purified. This DNA is then digested with a restriction

enzyme and  the fragments can be separated by gel elec-

trophoresis. The separated fragments can then be excised

and cloned into the vector separately. However, when a

large genome is digested with a restriction enzyme, there

are far too many fragments to excise individually. The en-

tire set of fragments must be cloned together with the vec-

tor, and separation of clones can occur after. In either case,

the fragments are ligated into a vector that has been di-

gested with the same restriction enzyme. The vector con-

taining the inserted fragments of genomic DNA can then be

introduced into a host organism7,8.

When the genomic library is constructed with a vi-

ral vector eg, lambda phases, it is required to find the titre

of the library, which will provide the number of infectious

virus particles. In order to perform titrations, several dilu-

tions of library to transform cultures of E coli of known

concentrations. The cultures are then plated on agar plates

followed by incubation overnight. The number of viral

plaques will provide the total number of infectious viral par-

ticles in the library. Most viral vectors also carry a marker

that allows clones containing an insert to be distinguished

from those that do not have an insert. This allows research-

ers to also determine the percentage of infectious viral par-

ticles actually carrying a fragment of the library7,8.

A similar method can be used to titre genomic li-

braries made with non-viral vectors, such as plasmids and

BACs. A test ligation of the library can be used to trans-

form E coli. The transformation is then spread on agar plates

and incubated overnight. The titer of the transformation is

determined by counting the number of colonies present on

the plates. These vectors generally have a selectable marker

allowing the differentiation of clones containing an insert from

those that do not. By doing this test, researchers can also

determine the efficiency of the ligation and make adjust-

ments as needed to ensure they get the desired number of

clones for the library7,8.

The original mixture of transformed bacterial cells

is spread out on the surface of a growth medium in a Petri

dish so that the cells are separated from one another. These

individual cells are invisible to the naked eye, but as each

cell undergoes successive rounds of cell division, visible colo-

nies form. Each colony is a cell clone, but it is also a DNA

clone because the recombinant vector has now been am-

plified by replication during every round of cell division.
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Thus, the Petri dish, which may contain many hundreds of

distinct colonies, represents many clones of different DNA

from cells and then amplifying it using DNA cloning tech-

nology.

Fig 10 – Genomic Library Construction

Below is a diagram of the above outlined steps.

fragments. This collection of clones is called a DNA li-

brary. By considering the size of the donor genome and the

average size of the inserts in the recombinant DNA mol-

ecule, a researcher can calculate the number of clones

needed to encompass the entire donor genome, or, in other

words, the number of clones needed to constitute a ge-

nomic library7,8.

Genomic DNA  Library:

A genomic DNA library  (Fig 11) is a collection of

DNA fragments that make up the full-length genome of an

organism. A genomic library is created by isolating DNA

Screening Library (Fig 12):

Both genomic and cDNA libraries are made with-

out regard to obtaining functional cloned donor fragments.

Genomic clones do not necessarily contain full-length cop-

ies of genes. Furthermore, genomic DNA from eukaryotes

(cells or organisms that have a nucleus) contains introns,

which are regions of DNA that are not translated into pro-

tein and cannot be processed by bacterial cells. This means

that even full-sized genes are not translated in their entirety.

In addition, eukaryotic regulatory signals are different from

those used by prokaryotes (cells or organisms lacking in-

ternal membranes ie, bacteria). However, it is possible to
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produce expression libraries by slicing cDNA inserts im-

mediately adjacent to a bacterial promoter region on the

by an organism. Complementary DNA, or cDNA, is cre-

ated through reverse transcription of messenger RNA, and

Fig 11 – Genomic DNA Library Construction

vector; in these expression libraries, eukaryotic proteins

are made in bacterial cells, which allows several important

technological applications that are discussed below in DNA

sequencing.

Construction of cDNA library (Fig 13):

Other type of library is a cDNA library, which starts

from messenger ribonucleic acid (mRNA) instead of DNA.

DNA produces mRNA for the translation into proteins.

So, for cDNA library these mRNA is transcribed to

complementary DNA (cDNA) by reverse transcriptase,

which is amplified by polymerase chain reaction. cDNA is

ligated to desired vector and form a library.

 cDNA library :  A cDNA library represents a

collection of only the genes that are encoded into proteins

a library of cDNAs is generated using DNA cloning tech-

nology.

Both genomic and cDNA libraries are not made

just to get functional cloned donor fragments. Genomic

clones do not necessarily contain full-length copies of genes.

Furthermore, genomic DNA from eukaryotes contains in-

trons, which are not expressible  into protein and cannot be

processed by bacterial cells. This means that even full-sized

genes are not translated fully. In addition, eukaryotic regu-

latory signals are different from those used by prokaryotes

However, it is possible to produce expression libraries by

slicing cDNA inserts immediately adjacent to a bacterial

promoter region on the vector; in these expression librar-

ies, eukaryotic proteins are made in bacterial cells, which

allows several important technological applications that are
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discussed below in DNA sequencing7,8.

Several bacterial viruses have also been used as

pUC plasmids (plasmids engineered to produce a very high

number of DNA copies but that can accommodate only

Fig 12 – Screening of Library and Isolation of Clone – Colony Blot Hybridisation [In order to isolate clones that contain

regions of interest from a library, the library must first be screened. One method of screening is hybridisation. Each

transformed host cell of a library will contain only one vector with one insert of DNA. The whole library can be plated

onto a filter over media. The filter and colonies are prepared for hybridisation and then labelled with a probe13. The

target DNA- insert of interest – can be identified by detection such as autoradiography because of the hybridisation with

the probe as seen below. Another method of screening is with polymerase chain reaction (PCR). Some libraries are

stored as pools of clones and screening by PCR is an efficient way to identify pools containing specific clones]

vectors (Table 1). The most commonly used is the lambda

phage. The central part of the lambda genome is not es-

sential for the virus to replicate in Escherichia coli, so this

can be excised using an appropriate restriction enzyme,

and inserts from donor DNA can be spliced into the gap.

In fact, when the phage repackages DNA into its protein

capsule, it includes only DNA fragments the same length of

the normal phage genome7,8.

Vectors are chosen depending on the total amount

of DNA that must be included in a library. Cosmids are

engineered vectors that are hybrids of plasmid and phage

lambda; however, they can carry larger inserts than either

small inserts) or lambda phage alone. Bacterial artificial chro-

mosomes (BACs) are vectors based on F-factor (fertility

factor) plasmids of E coli and can carry much larger amounts

of DNA. Yeast artificial chromosomes (YACs) are vectors

based on autonomously replicating plasmids of Saccharo-

myces cerevisiae (baker’s yeast). In yeast (a eukaryotic

organism) a YAC behaves like a yeast chromosome and

segregates properly into daughter cells. These vectors can

carry the largest inserts of all and are used extensively in

cloning large genomes such as the human genome.

Genomics:
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Genomics is an interdisciplinary field of biology fo-

cusing on the structure, function, evolution, mapping, and

editing of genomes. A genome is an organism’s whole

derstanding of even the most complex biological systems

such as the brain4. The field also includes studies of

intragenomic (within the genome) phenomena such as

   Fig 13 – cDNA Library Construction

DNA, including all of its genes. In contrast to genetics,

which refers to the study of individual genes and their roles

in inheritance, genomics aims at the collective

characterisation and quantification of all of an

organism’s genes, their interrelations and influence on

the organism19-27. Genes may direct the production of pro-

teins with the help of enzymes, other factors and messen-

ger RNA molecules. In turn, proteins carry the phenotypic

body structures, control chemical reactions and carry sig-

nals between cells. Genomics also involves the sequencing

and analysis of genomes through uses of high throughput

DNA sequencing and bioinformatics to assemble and

analyse the function and structure of entire genomes2,3.  Ad-

vances in genomics have triggered a revolution in discov-

ery-based research and systems biology to facilitate un-

epistasis (effect of one gene on another), pleiotropy (one

gene affecting more than one trait), heterosis (hybrid vigor),

and other interactions between loci and alleles within the

genome1. Knowledge of the entire genome sequence In hu-

mans,  has facilitated searching for genes that produce he-

reditary diseases. It is also capable of revealing a set of

proteins–produced at specific times, in specific tissues, or

in specific diseases–that might be targets for therapeutic

drugs26-28.

Genomics has two subdivisions: Structural genomics

and functional genomics. Structural genomics is based on

the complete nucleotide sequence of a genome. Each mem-

ber of a library of clones is physically manipulated by ro-

bots and sequenced by automatic sequencing machines, en-

abling a very high throughput of DNA. The resulting se-
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quences are then assembled by a computer into a com-

plete sequence for every chromosome. The complete DNA

sequence is scanned by computer to find the positions of

open reading frames (ORFs), or prospective genes. The

sequences are then compared to the sequences of known

genes from other organisms, and possible functions are as-

signed. Some ORFs remain unassigned, awaiting further

research.

Structural genomics (Fig 14) seek to describe the

3-dimensional structure of every protein encoded by a given

genome. This genome-based approach allows for a high-

cluding experimental methods using genomic sequences or

modelling-based approaches based on sequence or struc-

tural homology to a protein of known structure or based on

chemical and physical principles for a protein with no ho-

mology to any known structure. As opposed to traditional

structural biology, the determination of a protein structure

through a structural genomics effort often (but not always)

comes before anything is known regarding the protein func-

tion. This raises new challenges in structural bioinformatics

ie, determining protein function from its 3D structure26-30.

Functional genomics is a field of molecular biology

that attempts to make use of the vast wealth of data pro-

duced by genomic projects (such as genome sequencing

projects) to describe gene (and protein) functions and in-

teractions. Functional genomics focuses on the dynamic as-

pects such as gene transcription, translation, and protein-pro-

tein interactions, as opposed to the static aspects of the ge-

nomic information such as DNA sequence or structures. Func-

tional genomics attempts to answer questions about the func-

tion of DNA at the levels of genes, RNA transcripts, and

protein products. A key characteristic of functional genomics

studies is their genome-wide approach to these questions,

generally involving high-throughput methods rather than a more

traditional “gene-by-gene” approach29-35.

A major branch of genomics is still concerned with

sequencing the genomes of various organisms, but the

knowledge of full genomes has created the possibility for

the field of functional genomics, mainly concerned with pat-

terns of gene expression during various conditions. The most

important tools here are microarrays and bioinformatics.

Functional genomics attempts to understand func-

tion at the broadest level (the genomic level). In one ap-

proach, gene functions of as many ORFs as possible are

assigned as above in an attempt to obtain a full set of pro-

teins encoded by the genome (called a proteome). The

proteome broadly defines all the cellular functions used by

the organism. Function in relation to specific developmental

stages also is assessed by trying to identify the

Fig 14 –  Protein Structure Determined by the Midwest

Center for Structural Genomics

throughput method of structure determination by a combi-

nation of experimental and modelling approaches. The prin-

cipal difference between structural genomics and traditional

structural prediction is that structural genomics attempts to

determine the structure of every protein encoded by the

genome, rather than focusing on one particular protein. With

full-genome sequences available, structure prediction can

be done more quickly through a combination of experi-

mental and modelling approaches, especially because the

availability of large numbers of sequenced genomes and

previously solved protein structures allow scientists to

model protein structure on the structures of previously

solved homologues. Structural genomics involves taking a

large number of approaches to structure determination, in-
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“transcriptome”, the set of mRNA transcripts made at spe-

cific developmental stages. The practical approach utilises

micro-arrays–glass plates the size of a microscope slide

imprinted with tens of thousands of ordered DNA samples,

each representing one gene (either a clone or a synthesised

segment). The mRNA preparation under test is labelled

role in gene expression and regulation, and are involved in

numerous cellular processes such as in differentiation/de-

velopment and tumorigenesis. The study of epigenetics on

a global level has been made possible only recently through

the adaptation of genomic high-throughput assays.

Metagenomics is the study of metagenomes, ge-

netic material recovered directly from environmental samples.

The broad field may also be referred to as environmental

genomics, ecogenomics or community genomics. While tra-

ditional microbiology and microbial genome sequencing rely

upon cultivated clonal cultures, early environmental gene

sequencing cloned specific genes (often the 16S rRNA

gene) to produce a profile of diversity in a natural sample.

Such work revealed that the vast majority of microbial

biodiversity had been missed by cultivation-based meth-

ods. Recent studies use “shotgun” Sanger sequencing  (Fig

15) or massively parallel pyrosequencing to get largely un-

biased samples of all genes from all the members of the

sampled communities. Because of its power to reveal the

previously hidden diversity of microscopic life,

metagenomics offers a powerful lens for viewing the micro-

bial world that has the potential to revolutionise understanding

of the entire living world29-35.

cDNA Vaccines:

In earlier days vaccine used to develop using entire

pathogen which has several proteins. Each protein gener-

ally makes its own antibody. These unnecessary proteins

and antibodies can cause adverse events, or serious ad-

verse events. But with the advent of recombinant DNA tech-

nology desired antigen can be chosen and then a construct

can be made which will produce safer and cost-effective

vaccine. DNA vaccination involves the direct inoculation,

into the animal or human,  of an antigen-encoding bacterial

plasmid or animal virus construct for antigen coding to elicit

the immune response. DNA vaccines can stimulate the in-

duction of both humoral- and cell-mediated immune re-

sponses, vital for protection against a wide range of patho-

Vector type 
Insert size 
(thousands 
of bases) 

Plasmids up to 10 

Phage lambda (λ) up to 25 

Cosmids up to 45 

Bacteriophage P1 70 to 100 

P1 artificial 
chromosomes (PACs) 

130 to 150 

Bacterial artificial 
chromosomes (BACs) 

120 to 300 

Yeast artificial 
chromosomes (YACs) 

250 to 2000 

 

Table 1 – Vector Type and the Size of the Insert

with a fluorescent dye, and the micro-array is bathed in

this mRNA. Fluorescent spots appear on the array indi-

cating which mRNAs were present, thus defining the

transcriptome.

Epigenomics is the study of the complete set of

epigenetic modifications on the genetic material of a cell,

known as the epigenome. Epigenetic modifications are re-

versible modifications on a cell's DNA or histones that af-

fect gene expression without altering the DNA sequence

(Russell 2010 p. 475). Two of the most characterised epi-

genetic modifications are DNA methylation and histone

modification. Epigenetic modifications play an important
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gens. They are relatively easy to produce and are very stable by gene therapy may reverse the symptoms of disease in

the treated individual, but the modification is not passed on

to the next generation. Germinal gene therapy aims to place

corrected cells inside the germ line (eg, cells of the ovary or

testis). If this is achieved, these cells will undergo meiosis

and provide a normal gametic contribution to the next gen-

eration. Germinal gene therapy has been achieved experi-

mentally in animals but not in humans33-43.

Gene therapy (Fig 16) is designed to introduce ge-

netic material into cells to compensate for abnormal genes

or to make a beneficial protein. If a mutated gene causes a

necessary protein to be faulty or missing, gene therapy may

be able to introduce a normal copy of the gene to restore

the function of the protein.

A gene that is inserted directly into a cell usually

does not function. Instead, a carrier called a vector is ge-

netically engineered to deliver the gene. Certain viruses are

often used as vectors because they can deliver the new gene

by infecting the cell. The viruses are modified so they can’t

cause disease when used in people. Some types of virus,

such as retroviruses, integrate their genetic material (includ-

ing the new gene) into a chromosome in the human cell.

Other viruses, such as adenoviruses, introduce their DNA

into the nucleus of the cell, but the DNA is not integrated

into a chromosome.

The vector can be injected or given intravenously

directly into a specific tissue in the body, where it is taken

up by individual cells. Alternately, a sample of the patient's

cells can be removed and exposed to the vector in a labo-

ratory setting. The cells containing the vector are then re-

turned to the patient. If the treatment is successful, the new

gene delivered by the vector will make a functioning pro-

tein.

Recombinant DNA technology has made possible

a type of genetics called reverse genetics. Traditionally, ge-

netic research starts with a mutant phenotype, and, by Men-

delian crossing analysis, a researcher is able to attribute the

phenotype to a specific gene. Reverse genetics travels in

Fig 15 – Environmental Shotgun Sequencing (ESS) – A

Key Technique in Metagenomics [(A) Sampling from

habitat; (B) filtering particles, typically by size; (C) lysis

and DNA extraction; (D) cloning and library construction;

(E) sequencing the clones; (F) sequence assembly into

contigs and scaffolds]

with a long shelf life.

Gene Therapy:

Gene therapy is the introduction of a normal gene

into an individual’s genome in order to repair a mutation

that causes a genetic disease. When a normal gene is in-

serted into a mutant nucleus, it most likely will integrate

into a chromosomal site different from the defective allele;

although this may repair the mutation, a new mutation may

result if the normal gene integrates into another functional

gene. If the normal gene replaces the mutant allele, there is

a chance that the transformed cells will proliferate and pro-

duce enough normal gene product for the entire body to

be restored to the undiseased phenotype. So far, human

gene therapy has been attempted only on somatic (body)

cells for diseases such as cancer and severe combined im-

munodeficiency syndrome (SCIDS). Somatic cells cured
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precisely the opposite direction. Researchers begin with a

gene of unknown function and use molecular analysis to

determine its phenotype. One important tool in reverse ge-

A new gene is inserted directly into a cell. A carrier

called a vector is genetically engineered to deliver the gene.

An adenovirus introduces the DNA into the nucleus of the

Fig 16 – Genetic  Engineering for Gene Therapy

netics is gene knockout. By mutating the cloned gene of

unknown function and using it to replace the resident copy

or copies, the resultant mutant phenotype will show which

biological function this gene normally controls.

cell, but the DNA is not integrated into a chromosome.

Researchers must overcome many technical chal-

lenges before gene therapy will be a practical approach to

treating disease. For example, scientists must find better
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ways to deliver genes and target them to particular cells.

They must also ensure that new genes are precisely con-

trolled by the body.

In-vitro Mutagenesis:

For structure-function studies of proteins, a sys-

temic approach is to produce a large number of random

structural variants, followed by screening of the variants

with particular function. The procedures useful in random

mutagenesis approach, perhaps directed toward a particular

region of the functional protein. Transposon mutagenesis

has significant value in the field of strain improvement where

chemical or physical mutagenic methods have been tradi-

tionally favoured. Transposons have the advantage of reli-

ably creating single mutations; and transposons can be

readily mapped by virtue of DNA sequencing primer sites

engineered into their termini. These techniques have also

been used to address a large variety of genetic problems

as well as to probe structure-function relationships; the more

general subject has been discussed extensively. The chap-

ter discusses many techniques that have recently been de-

veloped that allow a variety of quite novel approaches to

the studies of the relationship between the linear sequence

and the function of proteins. Much of the discussion has

focused on the procedures for manipulating the DNA to

achieve proteins with altered function44-51.

Several works were done by in-vitro method of

mutagenesis of Saccharopolyspora erythraea generating

the mutants. Once the mutants are made and screened,

many highly relevant mutations of direct interest to eryth-

romycin production can be seen. The method is useful in

the improvement mechanisms of new strain.The commer-

cial production of drugs from natural sources, such as mi-

cro-organisms as in large scale submerged fermentation, is

often economically unfavourable due to low production ef-

ficiencies. One solution to this problem is to genetically

modify the organisms; however, many different types of

genes can increase yield52 and it is nearly impossible to

predict which mutations will work best in a new strain un-

der a certain set of growth conditions.  As more systems

are studied, general principles should begin to emerge, but

for the present, random mutagenesis followed by screening

and then identification of the gene target provides one of

the most direct routes to producing improved strains and

understanding how strain improvement works.

The development of in-vitro transposition by

Goryshin and Reznikoff53 however, opened up a new route

for using transposons in actinomycete research. The gen-

eral approach is to isolate genomic DNA from the actino-

mycete of interest, and then mutate that DNA in vitro with a

transposon. The transposon-mutated DNA is then put back

into the host in its natural location in the genome. A techni-

cal requirement, that may be a limitation for many actino-

mycetes, is that to perform this procedure the strain must

have an efficient method for acquiring exogenous DNA.

Another route around the transformation problem is to use

strain variants or mutants that are more highly transform-

able. For S erythraea the red-variant strain can be trans-

formed with plasmid DNA at a much higher frequency than

the wild type. The “red variant” is deeply red pigmented on

certain media and is a spontaneous variant (mutant) of the

wild type strain. Not all red variants carry the same ge-

nomic rearrangement, but most are significantly more trans-

formable than the wild type of strain. Red variant strains

produce a few foldless erythromycin. Such limitation is ex-

plained in the following way : (a) Manipulation of growth

medium, (b) optimum perimeter, (c) strain’s ability to per-

form efficient gene replacements with incoming DNA.  Gene

replacement occurs in S erythraea automatically once ho-

mologous DNA enters the cell cytoplasm but (depending

on the size of the homologous fragment) only about 10% of

transformants actually carry out a double crossover event

as compared to about 50% of the transformants that un-

dergo a single crossover event. In the remainder of the

transformants the plasmid DNA does not integrate at all

and remain separated during sporulation of the strain. De-
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spite the effort required for setting up an in-vitro transposon

mutagenesis experiment, the work performed is rewarded

with the unambiguous identification of mutations that influ-

ence erythromycin production. Also, when the wild type

strain is used (as opposed to a highly mutated production

strain), these mutations appear at a high frequency 54  and

impossible to predict the precise type or position of the

mutations obtained. In-vitro mutagenesis, however, allows

specific mutations to be tailored for type and for position

within the gene. A cloned gene is treated in the test tube (in-

vitro) to obtain the specific mutation desired, and then this

fragment is reintroduced into the living cell, where it replaces

therefore, many mutations can be found relatively easily.

Another use of cloned DNA is in-vitro mutagen-

esis in which a mutation is produced in a segment of cloned

DNA. The DNA is then inserted into a cell or organism,

and the effects of the mutation are studied. Mutations are

useful to geneticists in enabling them to investigate the com-

ponents of any biological process. However, traditional

mutational analysis relied on the occurrence of random

spontaneous mutations-a hit-or-miss method in which it was

the resident gene.

One method of in-vitro mutagenesis is oligonucle-

otide-directed mutagenesis. A specific point in a sequenced

gene is pinpointed for mutation. An oligonucleotide, a short

stretch of synthetic DNA of the desired sequence, is made

chemically. For example, the oligonucleotide might have

adenine in one specific location instead of guanine. This oli-

gonucleotide is hybridised to the complementary strand of

the cloned gene; it will hybridise despite the one base pair

Fig 17 – Gene Knockout
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mismatch. Various enzymes are added to allow the oligo-

nucleotide to prime the synthesis of a complete strand within

the vector. When the vector is introduced into a bacterial

Gene Knockout:

In gene knockout (Fig 17) a functional gene is re-

placed by an inactivated gene that is created using recom-

cell and replicates, the mutated strand will act as a tem-

plate for a complementary strand that will also be mutant,

and thus a fully mutant molecule is obtained. This fully mu-

tant cloned molecule is then reintroduced into the donor

organism, and the mutant DNA replaces the resident gene.

Another version of in-vitro mutagenesis is gene

disruption, or gene knockout. Here the resident functional

gene is replaced by a completely nonfunctional copy. The

advantage of this technique over random mutagenesis is

that specific genes can be knocked out at will, leaving all

other genes untouched by the mutagenic procedure17,18,30.

binant DNA technology. when a gene is “knocked out”, the

resulting mutant phenotype (observable characteristics) of-

ten reveals the gene’s biological function.

Genetically Engineered Organisms:

The ability to obtain specific DNA clones by using

recombinant DNA technology has made it possible to add

the DNA of one organism to the genome of another32,33 .

The added gene is called a transgene. The transgene inserts

itself into a chromosome and is passed to the progeny as a

new component of the genome. The resulting organism car-

Fig 18 – Genetically  Modified Organisms  Produced Using Scientific Methods that Include Recombinant DNA
Technology
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rying the transgene is called a transgenic organism or a ge-

netically engineered organism (GEO). In this way, a “de-

signer organism” is made that contains some specific change

required for an experiment in basic genetics or for improve-

eas55-58.

(a) It can provide precise diagnostic information

about genetic diseases, allowing appropriate counselling,

and indicating future directions for research on therapeutic

 Fig 19 – Genetically  Engineered Corn (Maize)

ment of some commercial strain. Several transgenic plants

have been produced. Genes for toxins that kill insects have

been introduced in several species, including corn and cot-

ton. (Figs 18 & 19). Bacterial genes that confer resistance

to herbicides also have been introduced into crop plants.

Other plant transgenes aim at improving the nutritional value

of the plant.

Reverse Genetics:

Diagnostics – As yet recombinant DNA technol-

ogy does not appear to have widespread diagnostic ap-

plication in pathology. However, it does have a useful role

to play in specific circumstances in at least four main ar-

intervention eg, gene therapy.  Counselling can take place

with prospective parents as to the likelihood of having a

child with a particular disease, and they are also used in the

prenatal prediction of genetic disease in the foetus. Research-

ers look for specific DNA fragments that are located in close

proximity to the gene that causes the disease of concern.

These fragments, called restriction fragment length polymor-

phisms (RFLPs), often serve as effective “genetic mark-

ers”.

(b) Micro-organisms can be identified more sensi-

tively and specifically, in fresh or fixed tissue samples, and

their genomes can be analysed in fine detail, providing in-

formation relevant to the aetiology, epidemiology and patho-
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genesis of many diseases.

(c)  In tumour pathology the main application so

far has been to resolve diagnostic problems associated with

leukaemias and lymphomas, when other diagnostic proce-

dures have been inconclusive. Specific chromosomal trans-

locations, involving recognised genes, are particularly ame-

nable to diagnosis by these means. Diagnostic applications

to solid tumours are yet to be identified, although signifi-

cant insights into tumorigenesis have been obtained, and

these may ultimately lead to the development of useful

markers for prognostic and therapeutic purposes.

(d) In forensics, DNA fragments called variable

number tandem repeats (VNTRs), which are highly vari-

able between individuals, are employed to produce what

is called a “DNA fingerprint”. A DNA fingerprint can be

used to determine if blood or other body fluids left at the

scene of a crime belongs to a suspect.

Biosimilar Products of Biological Drugs:

One of the biggest contributions of recombinant

DNA technology is to manufacture cheaper biological

drugs. Biosimilar products are the biological product.  of

large molecular weight Two biological products were manu-

factured in two different manufacturing processes but yielded

two products of are “highly similar” and have “no clinically

meaningful differences” in their safety or efficacy59. The

structure and conformation of these molecules are also im-

portant as proteins exist in three types of structure: pri-

mary, secondary and tertiary. Protein folding is a very im-

portant step to maintain its functionality, stability and thera-

peutic values. Moreover, the addition of, sugars

(glycosylation) and phosphate moiety (phosphorylation)

further maintain stability, bioavailability, and immunogenic-

ity of a protein as Improper glycosylation of human eryth-

ropoietin or missing one or more glycosylation site may

reduce the drug's intended effect59.

Conclusions:

We discussed so far the development of recombi-

nant DNA technology. Due to tremendous advancement

and broad range of application this technology has grown

to multidisciplinary applications.Pharmaceuticals and vac-

cines are now being used confidently and rapidly attaining

commercial approvals.Recombinant DNA technology has

been used to synthesize hormones, vaccines, drugs like al-

pha-interferon, biosimilar drug products and genetically

modified foods, and in gene therapy. Side by side gene

therapy, and genetic modifications are also widely used for

the purpose of bioremediation and treating serious diseases

and this aspect will focus on its importance and the possible

applications in daily life. Some of these will be discussed in

the next part.
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Management of Non-variceal Upper Gastro-intestinal Haemorrhage

Abstract:

Upper gastro-intestinal haemorrhage has an estimated annual incidence of 40-150 cases per 1,00,000

population and leads to hospitalisation, and has significant morbidity and mortality. Most common causes of upper

gastro-intestinal bleed are non-variceal–peptic ulcer disease leading the list. Clinical history, examination and

haemodynamic resuscitation are the initial management. Risk stratification can be done by the Glasgow- Blatchford

score and the Rockall score. Consultation with the cardiologist is important in patients taking anticoagulant and

antiplatelet drugs. In peptic ulcer disease, the Forrest staging guides the restarting of antithrombotic agents. Intravenous

proton-pump inhibitor is recommended in those awaiting upper gastro-intestinal endoscopy. Following haemodynamic

resuscitation early upper gastro-intestinal endoscopy ( < 24 hours ) is recommended. Endotherapy is recommended

for Forrest Ia, Ib, IIa and II b ulcers. Many patients of non-variceal upper gastro-intestinal haemorrhage can be

discharged from the emergency department while others require admission.

Key words: Upper gastro-intestinal haemorrhage, non-variceal, peptic ulcers, morbidity, mortality, endotherapy.

Introduction:

An estimated annual incidence of acute upper

gastro-intestinal haemorrhage (UGIH) is 40-150 cases per

1,00,000 population worldwide1, 2. UGIH frequently leads

to hospital admission, and has significant associated mor-

bidity and mortality. The most common causes of acute

UGIH are non-variceal1, 2. This includes peptic ulcers - 28%

- 59% (duodenal ulcer 17% - 37% and gastric ulcer 11 %

- 24%), mucosal erosive disease of the oesophagus/stom-

ach/duodenum 1% - 47%, Mallory - Weiss syndrome 4%

- 7%, upper GI tract malignancy 2% - 4%, other diagnosis

2% - 7% or no exact cause identified 7% - 25%1, 2. In
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India, Anand et al3 in 1983 reported 408 patients of upper

GI bleed among which duodenal ulcer (24.5%) and gastric

ulcer (5%) were 2nd and 3rd most common causes re-

spectively.  Dilawari et al4 in 1987 found peptic ulcers

and gastro-duodenal erosions to be most common causes

of non-variceal upper gastro-intestinal haemorrhage

(NVUGIH). In 2010 Javid et al5 from Kashmir reported

duodenal ulcer (26.7%) to be the second most common

cause (after variceal bleed) of upper GI bleed (among 116

children) followed by Mallory-Weiss tear (6.9%), gastric

ulcer and gastritis (5.2% each), oesophagitis (4.3%) and



duodenitis (3.4%), 16% - 20% of acute UGIH cases, may

have more than one diagnosis as cause of bleeding on en-

doscopy. Banerjee et al6 from SDLD, IPGME&R, Kolkata

showed NVUGIH to be 37.7% out of 305 patients with

peptic ulcer disease (PUD) comprising 16.7%.

Initial Patient Evaluation and Haemodynamic Resus-

citation:

A short clinical history and examination may help

in suggesting aetiology of GI bleed. If the spleen is pal-

pable, the patient is likely to be bleeding from oesophageal

varices as suggested by Rao et al7 from AIIMS. The goals

of haemodynamic resuscitation are to correct intravascular

hypovolaemia and restore adequate tissue perfusion. Early

intensive hemodynamic resuscitation of patients with acute

UGIH has been shown to significantly decrease mortality8.

Initial fluids of choice are crystalloids. There is uncertainty

regarding the ideal fluid administration strategy in this clini-

cal setting9, 10. It is recommended to use a restrictive red

blood cell transfusion strategy that aims for a target hae-

moglobin between 7g/dl and 9g/dl. A higher target haemo-

globin should be considered in patients with significant

comorbidity (eg, ischaemic cardiovascular disease)11, 12.

There is no available evidence to help guide coagulopathy

correction in critically ill patients and wide variation in man-

agement exists in this area, indicating clinical uncertainty

regarding optimal practice13. Platelet count has not been

shown to be a predictor of either rebleeding or mortality.

Risk Stratification:

A number of scoring tools have been created for

predicting outcomes following acute UGIH, with the

Glasgow-Blatchford score (GBS) and Rockall score being

the most widely evaluated and adopted14,15. Rockall score

predicts mortality while GBS predicts the need for

intervention. Emergency department discharge without

inpatient endoscopy (i e, outpatient management) should

be considered for patients if systolic blood pressure > 110

mmHg, pulse rate < 100 beats/minute, haemoglobin > 13.0

g/dl for men or > 12.0 g/dl for women, blood urea nitrogen

<18.2 mg/dl, along with the absence of melena, syncope,

hepatic disease, and cardiac failure16.

Pre-endoscopy Management:

Initial management of antithrombotic agents

(anticoagulants and antiplatelet agents) – For patients

taking vitamin K antagonists (VKAs), it is recommended

to withhold the VKA and correct coagulopathy while taking

into account the patient’s cardiovascular risk in consultation

with a cardiologist. In patients with haemodynamic instability,

administration of vitamin K, supplemented with intravenous

prothrombin complex concentrate (PCC) or fresh frozen

plasma (FFP) if PCC is unavailable, is recommended . If

the clinical situation allows, an international normalised ratio

(INR) value < 2.5 is advisable before performing endoscopy

with or without endoscopic haemostasis17-20. Regarding new

direct oral anticoagulants (DOACs) it is recommended to

withhold them in patients with suspected acute NVUGIH

in co-ordination/consultation with the local haematologist/

cardiologist. DOACs do not have an antidote as in case of

heparin and also their onset of action is faster.

For patients using antiplatelet agents (APA) for

primary prophylaxis of cardiovascular diseases, APA should

be stopped irrespective of endoscopic grade of peptic ulcer

and then the risk and benefits of low dose APA should be

re-evaluated. APA may be restarted at the time of discharge

in case of Forrest IIc, III ulcers. In patients with Forrest I,

IIa, IIb ulcers APA should be restarted after establishment

of ulcer healing, if clinically indicated.

In patients taking APA for secondary prophylaxis,

all APA should be discontinued in Forrest I, IIa and IIb

cases, to be restarted after 3 days. In patients on dual APA,

low dose aspirin should be continued and cardiology

consultation should be taken regarding the need for other

APA. In patients with Forrest IIc, III ulcers, low dose aspirin

as well as dual APA should be continued without

interruption.

Pharmacological therapy–It is recommended to

start high dose intravenous proton-pump inhibitors (PPI),

ie, intravenous bolus followed by continuous infusion (80

mg then 8 mg/hour), in patients presenting with acute UGIH
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awaiting upper endoscopy. However, PPI infusion should

not delay the performance of early endoscopy21. Tranexemic

acid, somatostatin or its analogue octreotide is not

recommmended. Use of prokinetic agents like erythromycin

or metoclopramide 20-120 minutes before endoscopy has

been found to decrease the need for second endoscopy to

locate lesion22.

Role of gastric lavage and prophylactic

endotracheal intubation – Routine use of nasogastric

or orogastric aspiration/lavage in patients presenting with

acute UGIH is not recommended.

Timing of Endoscopy:

Upper GI endoscopy may be done very early <12

hours, early <24 hours, and delayed >24 hours. Following

haemodynamic resuscitation, early <24 hours upper GI

endoscopy is recommended. Very early (<12 hours) upper

GI endoscopy may be considered in patients with high risk

clinical features, namely haemodynamic instability

(tachycardia, hypotension) that persists despite ongoing

attempts at volume resuscitation; in-hospital bloody emesis/

nasogastric aspirate; or contra-indication to the interruption

of anticoagulation23.

Endoscopic Management:

Endoscopic diagnosis – Forrest (F) classifica-

tion should be used in all patients with peptic ulcer

haemorrhage in order to differentiate low and high risk en-

doscopic stigmata. Peptic ulcers with spurting or oozing

bleeding (Forrest classification Ia and Ib, respectively) or

with a non-bleeding visible vessel (Forrest classification IIa)

should receive endoscopic haemostasis because these le-

sions are at high risk for persistent bleeding or rebleeding.

Peptic ulcers with an adherent clot (Forrest classification

IIb) should be considered for endoscopic clot removal.

Once the clot is removed, any identified underlying active

bleeding (Forrest classification Ia or Ib) or non-bleeding

visible vessel (Forrest classification IIa) should receive en-

doscopic haemostasis. Peptic ulcers having a flat pigmented

spot (Forrest classification IIc) or clean base (Forrest clas-

sification III), endoscopic haemostasis is not required as

these stigmata present a low risk of recurrent bleeding. In

selected clinical settings, these patients may be discharged

home on standard PPI therapy eg, oral PPI once daily.

Endoscopic therapy – For patients with actively

bleeding ulcers (FIa, FIb), epinephrine injection should be

used in combination with a second haemostasis modality

(contact thermal, mechanical therapy, or injection of a

sclerosing agent). Epinephrine injection therapy cannot be

used as endoscopic monotherapy24. For patients with non-

bleeding visible vessel (FIIa), mechanical therapy,  thermal

therapy, or injection of a sclerosing agent as monotherapy

or in combination with epinephrine injection should be used.

Epinephrine injection therapy should not be used as

endoscopic monotherapy.

For patients with active NVUGIH not controlled

by standard endoscopic haemostasis therapies, the use of a

topical haemostatic spray or over-the-scope clip may be

tried as salvage endoscopic therapy25.

For patients with acid-related causes of NVUGIH

different from peptic ulcers (eg, erosive oesophagitis,

gastritis, duodenitis), treatment with high dose PPI is

recommended. Endoscopic haemostasis is usually not

required and selected patients may be discharged early26.

Patients with a Mallory - Weiss lesion that is actively bleeding

should receive endoscopic haemostasis. There is currently

inadequate evidence to recommend a specific endoscopic

haemostasis modality. Patients with a Mallory - Weiss lesion

and no active bleeding can receive high dose PPI therapy

alone27. In patients bleeding from upper GI angioectasias,

endoscopic haemostasis therapy is recommended.

However, there is currently inadequate evidence to

recommend a specific endoscopic haemostasis modality28.

In patients bleeding from upper GI neoplasia,

endoscopic haemostasis should be considered in order to

avert urgent surgery and reduce blood transfusion

requirements. However, no currently available endoscopic

treatment appears to have long-term efficacy29.

Management following endoscopy/endoscopic

haemostasis – PPI therapy is recommended for patients

who receive endoscopic haemostasis and for patients with
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adherent clot not receiving endoscopic haemostasis. PPI

therapy should be of high dose and administered as an

intravenous bolus followed by continuous infusion (80 mg

then 8 mg/hour) for 72 hours postendoscopy. PPI therapy

should be considered as intermittent intravenous bolus

dosing (at least twice daily) for 72 hours postendoscopy

for patients who receive endoscopic haemostasis and for

patients with adherent clot not receiving endoscopic

haemostasis30,31. If the patient’s condition permits, high dose

oral PPI may also be an option in those able to tolerate

oral medications.

In patients with clinical evidence of rebleeding

following successful initial endoscopic haemostasis, repeat

upper endoscopy with haemostasis should be attempted if

indicated. In the case of failure of this second attempt at

haemostasis, transcatheter angiographic embolisation

(TAE) or surgery should be considered32. Routine second-

look endoscopy is not routinely recommended as part  of

the management of NVUGIH. However, second-look

endoscopy may be considered in selected patients at high

risk for rebleeding (those having active bleeding at the time

of index endoscopy)33.

Anticoagulant therapy should be restarted following

NVUGIH in patients with an indication for long-term

anticoagulation. The timing for resumption of anticoagulation

should be assessed on a patient by patient basis. Resuming

warfarin between 7 and 15 days following the bleeding

event appears safe and effective in preventing thrombo-

embolic complications for most patients. Earlier resumption,

within the first 7 days, may be indicated for patients at high

thrombotic risk34.

In patients receiving low dose aspirin for primary

cardiovascular prophylaxis who develop peptic ulcer

bleeding, it is advised to withhold aspirin, re-evaluate the

risks/benefits of ongoing aspirin use in consultation with a

cardiologist, and resuming low dose aspirin following ulcer

healing or earlier if clinically indicated. In patients receiving

low dose aspirin for secondary cardiovascular prophylaxis

who develop peptic ulcer bleeding, aspirin should be

resumed immediately following index endoscopy if the risk

of rebleeding is low (eg, FIIc, FIII). In patients with high

risk peptic ulcer (FIa, FIb, FIIa, FIIb), early reintroduction

of aspirin by day 3 after index endoscopy is recommended,

provided that adequate haemostasis has been established.

In patients receiving dual antiplatelet therapy (DAPT) who

develop peptic ulcer bleeding, low dose aspirin therapy

should be continued. Early cardiology consultation should

be obtained regarding the timing of resuming the second

antiplatelet agent. In patients requiring DAPT and who

have had NVUGIH, use of a PPI as cotherapy is

recommended35-41.

Conclusions:

After initial resuscitation,importance of a quick

history and clinical examination cannot be

overemphasised.Many patients of NVUGIH can be

discharged from the emergency department itself while

others need admission and management as inpatients.Those

having comorbidities for which they may be receiving APA

or anticoagulation need opinion from a cardiologist regarding

need for these drugs.Guidelines given for management of

NVUGIH assist the management of patients but final

management plan should always be individualised for the

particular case.
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Prevalence of Diabetic Retinopathy in Patients Attending Diabetic

Clinic

Key words: Diabetes, diabetic retinopathy, non-proliferative diabetic retinopathy, proliferative diabetic retinopathy.

Introduction:

Diabetes mellitus (DM) remains as one of the im-

pertinent global epidemics of the twenty-first century. DM

is possibly reaching epidemic proportions in India1.The

prevalence of diabetes in India has remained at 11.8% in

the last four years, according to the National Diabetes and

Diabetic Retinopathy Survey report released by the Health

and Family Welfare ministry.The survey conducted during

2015-2019 by Rajendra Prasad Centre for Ophthalmic

Sciences, All India Institute of Medical Sciences, New Delhi

also showed that the prevalence of known diabetes cases

was 8.0% and new diabetes cases was 3.8%.Males showed

a similar prevalence of diabetes (12%) as females (11.7%).

The prevalence of any form of diabetic retinopathy(DR) in

diabetic population aged up to 50 years was found to be

16.9% while prevalence of  sight threatening DR was 3.6%.

The aetiology of diabetes in India is multifactorial and in-

cludes genetic factors coupled with environmental influences

such as obesity associated with rising living standards, steady

urban migration, and lifestyle changes.

According to the WHO, 31.7 million people were
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control was also noted in all the patients. Visual acuity(VA)

is another milestone to see visual loss among the diabetic

patients. All the parameters were recorded and compared.

Results:

A total number of 2000 diabetic patients were en-

rolled in this study, most  (41.7%) of them belonged to >50

years age group ie, 834 patients out of 2000. The study

included 1034 male and 966 female patients with a male:

female ratio of 1.07: 1, which signifies even distribution of

disease among male and female patients. Total number of

type 1 diabetic  patient  in this study was 404 (20.2%) of

which only  46 patients were above 30 years and no type 1

case was above 50 years. Total number of type 2 diabetic

patient was  1596 (79.8%) of which only  12 patients were

below the age of 30 years and no type 2  patient was found

below 15 years. Retinopathy was detected in 684 patients

(34.2%) out of total 2000 patients. Type 1 diabetic pa-

tients were found to have retinopathy in  234 cases (57.9%)

out  of total 404 patients of which 184 cases (45.5%)had

NPDR  and  50 cases (12.4%) had PDR ; whereas  type 2

diabetic patients had retinopathy in 450 cases (28.2%)  out

of  total 1596 cases of which 356 cases (22.3%) were

diagnosed to have NPDR , 94 cases (5.9%) had PDR. In

type 1 DM mild, moderate, severe, very severe NPDR

were found in 78, 68, 34, 4 cases respectively and early

and high risk PDR was found in 34, 16 respectively. In

case of type 2 DM mild, moderate, severe, very severe

NPDR  were found in 164, 104, 80, 8 cases respectively

and early and  high risk PDR was found in 72, 22 cases

respectively. Clinically significant macular oedema  was

present in 18 cases (7.7%) out of 234 type 1 DR cases

and in 146 cases (32.4%) among 450 type 2 DR cases.

Prevalence of DR in diabetic patients  after  duration of the

disease of 0-5 years, 6-10 years, 11-15 years, 16-25 years,

>25 years were  9.79%, 16.73%, 32.48%, 67.89%,

73.21% respectively. PDR was found to be absent in type

2 DM up to 10 years duration of the disease and in case of

affected by DM in India in the year 2000. This figure is

estimated to rise to 79.4 million by 2030, the largest num-

ber in any nation in the world2.

DR is a common microvascular complication, an

important complication among adults and elderly. DR is of

two types, non-proliferative diabetic retinopathy (NPDR)

and proliferative diabetic retinopathy (PDR). Severity of

NPDR depends on micro-aneurysms, haemorrhages, cot-

ton wool spots, and beading of veins and can progress to

PDR. Inherited characteristic of PDR is neovascularisation.

It is either PDR or diabetic maculopathy that is responsible

for vision loss. Chronic hyperglycaemia inflicts profoundly

in development and progression of DR by stimulating mul-

tiple mechanisms such as polyol pathway, enzymatic

glycation, protein kinase C activation, haemodynamic

changes, and renin angiotensin aldosterone pathway.

In Eastern and North Eastern part of India no sig-

nificant clinical evaluation and prevalence study of DR has

been done.Hence this study is undertaken with a view to

understand the prevalence of DR in Eastern part of India.

Materials and Methods:

The present study was cross-sectional hospital-

based one conducted in the department of ophthalmology

of Midnapore Medical College and Hospital.All diabetic

patients attending ophthalmology outpatient department on

different clinic days were included in the study irrespective

of age, sex,type of diabetes,duration and control status of

diabetes.Patients who were examined once were excluded

on their subsequent visits to the clinic. Patients whose fundi

of either eye could not be seen with indirect ophthalmo-

scope or slit-lamp biomicroscope were excluded from the

present study. A total number of 2000 patients were exam-

ined over a period of 36 months from 1st March, 2017 to

29th February, 2020. Total number of type1 and type 2

DM caces were recorded. Age distribution of the cases

was noted.DR cases in type 2 diabetes were divided as

NPDR and DPR cases and so also in type 1 DM. Glycaemic
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type 1 DM that was 5 years duration. PDR was seen in

19.9% of total cases of type 2 DM and 31.0% of total

cases of type 1 DM after 16-25 years of duration of the

disease. Out of total 2000 patients, 1592 (79.6%) had good

glycaemic control with HbA
1c

 score 7-8% and 408

(20.4%) had poor glycaemic control with HbA
1c

 score ≥9.

Patients with good glycaemic control were diagnosed to

have NPDR, PDR in 406 (25.5%) and 98 cases (6.1%)

respectively. In case of patients with poor glycaemic con-

trol number of NPDR had in 134 (32.8%) and that of PDR

in 46 (11.27%). Number of hypertensive patients (BP

>140/90mm/Hg) in this was 434 (21.7%), among them

188 patients (43.3%) had retinopathy. Out of 1566 (78.3%)

normotensive patients, 496 (31.7%) were diagnosed of

having retinopathy. Out of 4000 eyes examined, 2912 eyes

(72.8%) had normal VA of 6/6, 24 eyes (0.6%) had se-

vere visual loss (VA <6/60), 224 eyes (5.6%) had (VA)

between 6/24 and 6/60, 840 eyes (21%) had VA be-

tween 6/9 and 6/18.

Discussion:

This present hospital-based cross-sectional study

of 2000 diabetic patients showed the disease was more

or less equally distributed between sexes, the sex ratio

being 1.07:1 for male: female. Only in age group 16-30

years a female preponderance was noted.This may be

due to more detection of diabetes in females in child bearing

age group. Age distribution of this study population re-

vealed that DM was predominant in older age group; 82%

of study population belonged to above 30 years age group

and only 18% aged below 30 years. Most of the younger

diabetics below 30 years of age had type 1 DM (96.75%).

On the other hand most of the patients (97.1%) above 30

years of age belonged to type 2 DM. Overall prevalence

of type 1 and type 2 were 79.8% and 20.2% respec-

tively. Overall prevalence of retinopathy in this study was

34.2% of which 27% had NPDR and 7.2% had PDR. In

the present study prevalence of NPDR and PDR was

higher in type 1 patients than in type 2 patients. Incidence

of retinopathy showed a steady rise with increased dura-

tion of disease in both type 1 and type 2 cases. Also,

frequency of retinopathy increased with increasing age of

patients in both genders.

In the studies of Adler et al, Hanum et al, Joslin

et al incidence of diabetes above 50 years of age was

60.2%, 56.4% and 69.2% respectively3. Bodansky et

al4 in their study of insulin-dependent DM (IDDM) and

non-insulin dependent DM (NIDDM) patients based on

retinal clinic population also showed higher prevalence of

retinopathy and PDR in IDDM patients. Yanko  et al5

reported a trend of rising incidence of retinopathy with

increasing duration with the fall in incidence of PDR after

30 years of duration or after 65 years of age. Jernald and

Alguere6 reported higher incidence of retinopathy in fe-

males (male: female= 1:2) while Bodansky et al4 reported

higher incidence of retinopathy in males. The work of Cahill

et al7 reported significantly lower incidence of PDR and

maculopathy in patients with good control of blood sugar.

Conclusions:

DR is one of the most important complication of

diabetes. It shows different sociodemographic variations

on presentation of DR among general population. On dis-

ease severity, it shows gradual increase with duration of

diabetes among all patients with diabetes. Although type 1

patients show aggressive disease propagation in terms of

DR than type 2 patients, so, better understanding of the

prevalence and sociodemography of the diabetes helps in

easier and faster approach to management of DR.
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