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Transplantation and Its Potential Alternatives

EditorialEditorialEditorialEditorialEditorial

According to United Network for Organ Sharing (UNOS) just in the year 2000 onwards there would be severe

donor organ shortage for those in the USA awaiting transplants, as for example in case of liver transplant for end state

liver disease. Previous attempts to address this shortage have included bioartificial livers and extracorporeal liver assist

devices.

In the year 1999, UNOS reported 66175 registered patients on their national organ transplant waiting list. Of

these, 14088 patients were registered for a liver transplant. The 1998 human donor liver pool was only 44871, permanent

whole organ xenotransplants could be a potential alternative2-4. Because there is a worldwide shortage of organs for

clinical implantation and many patients awaiting replacement organs, die on the waiting list. What are the scientific

options available?

(a)  Use and potentialities for organs taken from primate organ and from other species (xenotransplantation).

(b)  Using stem cell technologies – for the end state degeneration of an important organ.

(c)  Use of clone technology for creation of specific cells/organ solely for the transplantation purpose.

(d)  Tissue engineered 3-dimensional organs.

(e)   Artificial organ.

Mary Shelley’s description in a wonderful science fiction “Frankenstein” is how a morally and physically superior

creature is constructed taking parts collected from a graveyard. This creature turned violent when its creator rejected

him .This is probably the first depiction of positive and negative impact of the use of dead body and its organs (1831).

Recent advances in understanding the mechanisms of transplant rejection have brought science to a stage where it

is reasonable to consider that organs from other species, probably pigs, may soon be engineered to minimise the risk of

serious rejection and used as an alternative to human tissues, possibly ending organ shortages to treat life-threatening and

debilitating illnesses such as cancer, diabetes, liver failure and Parkinson’s disease. Other procedures, some of which are

being investigated in early clinical trials, aim to use cells or tissues from other species.

The early years of the twentieth century brought a number of revolutionary advances in science and medicine. One

of them is vascular anastomosis. This paved the way for successful organ transplantation as well as avoiding unnecessary

amputation of the injured extremities.

Organ transplantation as a therapeutic strategy for patients with end-stage organ disease had been achieved due to

greater insight into the immunobiology of graft rejection and better measures for surgical and medical management.

It is now known that T cells play a central role in the specific immune response of acute allograft rejection.

Strategies to prevent T cell activation or effectors’ function are thus all potentially useful for immunosuppressant. Standard

immunosuppressive therapy in renal transplantation consists of baseline therapy to prevent rejection and short courses of

high-dose corticosteroids or monoclonal or polyclonal antibodies as treatment of ongoing rejection episodes. Triple-

drug therapy with the combination of cyclosporine, corticosteroids and azathioprine is now the most frequently used

immunosuppressive drug regimen in cadaveric kidney recipients. The continuing search for more selective

immunosuppressant and less side-effect lead to the discovery of new drugs like tacrolimus, mycophenolate mofetil and

mizoribine (which selectively inhibit the enzyme inosine monophosphate dehydrogenase, the rate-limiting enzyme for de
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novo purine synthesis during cell division), and sirolimus (rapamycin) [which acts on and inhibits kinase homologues

required for cell-cycle progression in response to growth factors, like interleukin-2 (IL-2)]. Other new pharmacological

strategies and innovative approaches to organ transplantation are also under development.
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Study of Brainstem Auditory Evoked Potential in Patients of Newly

Diagnosed Hypothyroidism

Debjani Banerjee1, Abhijit Bhakta2, Subhasis Chakraborty2, Maitreyi Bandyopadhyay3,  Anirban Sadhu4,

Rudradev Meyur4

Abstract:

Several studies have documented that thyroid hormone deficiency adversely affect the functional integrity of

the auditory pathways in the brainstem in patients of hypothyroidism. Brainstem auditory evoked potential (BAEP)

is known to be one of the most useful method of assessing the auditory pathways in the brainstem. The present

study aims to detect if there are any significant changes occur in the absolute peak latency, interpeak latency and

wave amplitudes in the BAEP responses of the newly diagnosed hypothyroid patients.

Fifty-two newly diagnosed hypothyroid patients in the age group of 20-50 years were selected from the

endocrinology OPD of RG Kar Medical College, Kolkata. Forty-one age and sex matched healthy controls were

selected from the medical staff of the same institution. Both cases and controls were selected on the basis of their

serum TSH (0.34-4.25 µIU/ml) and FT
4 
(0.8-1.7 ng/dl) levels. Subjects suffering from any hearing impairment,

systemic diseases or taking any ototoxic drugs and pregnant females were excluded from the study. BAEP evaluation

was done on both the groups using RMS EMG EP MarkII version(i), 2011 instrument in the department of

physiology, RG Kar Medical College, Kolkata.

There is a statistically significant increase (p<0.05) in the I-V interpeak latency and a statistically significant

decrease (p<0.05) in the amplitude of wave V in the BAEP study of the hypothyroid patients. There was also

prolongation of the absolute peak latencies of wave III and wave V but they were not statistically significant. The

present study concludes that hypothyroidism may affect peripheral auditory pathway in the brainstem adversely.

Further studies are required to confirm the findings.

Key words: Hypothyroidism, brainstem auditory evoked potential (BAEP).
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Introduction:

Thyroid diseases are the most common endocrinopathy

worldwide. India too, suffers from a major burden due to

thyroid diseases. According to a projection from various

studies on thyroid disease, it has been estimated that about

42 million people in India suffer from thyroid diseases1. A

very recent cross-sectional multicentric study conducted in

eight major cities of India revealed that among all cities,

Kolkata recorded the highest prevalence of hypothyroidism

(21.67%)2 .The study also revealed that in a comparable

geographical area of Gangetic basin in West Bengal, the

prevalence of hypothyroidism is even higher (29%)3.

Over a period of time, a distinct association between

hypothyroidism and auditory system dysfunction has been

reported in medical text. Hypothyroidism is associated with

all types of deafness: sensorineural, conductive and mixed.

However, the real incidence and pathophysiology of hearing

loss in these patients is still uncertain due to marked paucity

of literature. Studies4,5 that are available show that hearing

loss may affect 25% of the patients with acquired

hypothyroidism and 35-50% of the patients with congenital

hypothyroidism.

Brainstem auditory evoked potential study (BAEP) is

an objective test. This test helps us to evaluate the integrity

of the auditory pathways from the level of the cochlea up to

the lower brainstem. Fibres of the cochlear division of the

vestibulocochlear nerve partially encircle the inferior

cerebellar peduncle laterally and end in the dorsal and ventral

cochlear nuclei6.  From here, some second order fibres

project all the way to the opposite inferior colliculus by

way of trapezoid body and lateral lemniscus. The inferior

brachium links the inferior colliculus to the medial geniculate

body7. From the medial geniculate body (the thalamic

auditory relay), third-order fibres project to the primary

auditory cortex in the upper and middle parts of the superior

temporal gyri8. BAEP is one of the methods used for

assessing the effect of hypothyroidism on the auditory

pathway in the brainstem. In case of hypothyroidism, there

have not been any consistent findings in BAEP responses

among the available literature. Some workers reported

prolongation of both peripheral and central conduction time

in hypothyroidism while some studies showed that there

were no statistically significant differences in the BAEP study

of hypothyroid patients.

The present study aims to detect, if there are any

significant changes occur in the absolute peak latency,

interpeak latency and wave amplitudes in the BAEP

responses of the newly diagnosed hypothyroid patients.

Materials and Methods:

The study was conducted in the department of

physiology, RG Kar Medical College, Kolkata in

collaboration with department of biochemistry and endocrine

clinic of the department of medicine of the same institution

from July 2013 to June 2014. Mandatory permission from

the Institutional Ethical Committee of RG Kar Medical

College, Kolkata was obtained for the study. Fifty-two

newly diagnosed hypothyroid patients in the age group of

20-50 years were selected from the endocrinology OPD

of RG Kar Medical College, Kolkata. Fourty-one age and

sex matched healthy controls were selected from the medical

staff of the same institution. Both cases and controls were

selected on the basis of their serum TSH and FT
4 
levels.

Subjects suffering from any hearing impairment, systemic

diseases or taking any ototoxic drugs having altered

otoscopic examinations, working in a noisy environment or

having an audiometric examination with a result matching

that of noise-induced hearing loss, and pregnant females

were excluded from the study. BAEP evaluation was done

on both the groups using RMS EMG EP MarkII version

(i), 2011, instrument. All study subjects were briefed

regarding the purpose, risk and benefit of the study. Proper

written informed consent in convenient language was taken

from them. From all the study subjects a detailed history

was obtained. Complete physical and otological examination

was performed. The clinical parameters investigated were:

age, time of detection of hypothyroidism, auditory and/or

vestibular symptoms, biochemical test results (fasting

glucose, triglycerides, total cholesterol) and hormonal

examinations (TSH, free T
4
). FreeT

4
 level between 0.8 and

1.7 ng/dl, TSH level between 0.34 and 4.25 µIU/ml, fasting

blood glucose between 75 and 110 mg/dl, total cholesterol

below 200 mg/dl and triglycerides 30 and 200 mg/dl are

regarded as normal9.



Table 1 – Absolute Peak Latencies in Controls and Cases
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All subjects and controls were tested under similar

laboratory conditions. They were familiarised themselves

to the experimental and environmental conditions. After

demonstrating the steps of experiments, BAEP evaluation

was carried out in a quiet room. Patients were made

comfortable, recline in chair, relaxing neck muscles, and

instructed to close their eyes. The scalp areas of electrode

placement were prepared by abrading and degreasing the

skin with spirit and cotton to keep skin electrode contact

impedance below 5kΩ. Silver-silver chloride disc electrodes

were placed at the standard scalp locations according to

the 10-20 international system of electrode placement with

the help of EEG paste Elefix. For recording 1000 click

stimulus at the rate of 10 Hz with duration of 0.1 ms were

delivered at 60 dB above hearing threshold through

and amplitudes of waves I and V were determined for each

ear separately with the help of digital cursors. The amplitude

was measured as the maximum height of the peak from the

succeeding trough. Statistical analysis was done using SPSS

7 software. The average of right and left ear was taken. All

results were expressed as mean ± SD. The comparison

P-value <0.05 was taken as statistically significant.

Results:

As far as the absolute peak latency of the waves are

concerned, there was prolongation of the absolute peak

latency values of wave III and wave V in the hypothyroid

patients but they were not statistically significant (Table 1).

In the present study we found a statistically significant

Category Absolute peak latencies (m sec) 

 

I 

 

II 

 

III IV V 

Control 

(n=41) 

 

1.48±0.16 2.52±0.14 3.52±0.12 4.72±0.17 5.48±0.22 

Case 

(n=52) 

1.47±0.15 2.50±0.12 3.55±0.19 4.66±0.20 5.57±0.28 

 

headphones with -40 dB while noise masking the

contralateral ear. Signals were filtered with bandpass 100Hz

and 3 KHz and averaged to 1000 stimuli. Peak latencies of

all the waves, interpeak latencies of I-III, III-V and I-V

increase (p<0.05) in the I-V interpeak latency in the

hypothyroid patients compared to that of the controls. The

mean I-V interpeak latency in the case group was 5.56±0.68

m sec, which was significantly more than the control group

Table 2 – Interpeak Latencies in Controls and Cases

between controls and cases was done using paired ‘t’ test.

* p< 0.05

Category 

 

Interpeak latencies (m secs) 

 

I-III 

 

III-V I-V 

Control (n=41) 2.07±0.24 1.82±0.22 4.01±0.32 

Case (n=52) 

 

2.08±0.28 1.79±0.27 5.56±0.68* 
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Table  3 – Wave Amplitudes in Controls and Cases

(Table 2). In case of wave amplitudes, the mean wave V

amplitude in the case group was 0.27±0.03µv, which was

significantly lower in the case groups compared to that of

the controls (Table 3).

Discussion:

The functional integrity of the auditory pathway depends

on the intact anatomical pathway, functional relay stations,

myelination, and thickness of the tract and absence of any

compression or pressure from outside. Thyroid hormone

plays a crucial role in the development and physiological

functioning of the central nervous system. As a result

hypothyroidism whether congenital or acquired may

produce auditory system dysfunction. BAEP is one of the

methods used for assessing the effect of hypothyroidism on

the auditory pathways in the brainstem. It allows evaluation

of functional integrity of auditory pathway from hair cells to

thalamic nuclei. Values of BAEP (particularly the absolute

and inter-peak latencies) represent the peripheral and central

conduction time.

In this study we found a statistically significant increase

(p<0.05) in the I-V interpeak latency in the hypothyroid

patients compared to that of the controls. There was also a

significant decrease in the wave V amplitude of hypothyroid

patients. On the other hand, although there was some

prolongation in the absolute peak latency of wave III and

wave V in the hypothyroid patients, but results were not

statistically significant.

 It is already known that hypothyroidism may alter the

brainstem auditory evoked potential responses. Since 1990s

some studies were performed to correlate these findings.

Lai et al10 performed similar kind of study in the hypothyroid

amplitude of wave V and increased in the I-V interpeak

latency in the BAEP study of hypothyroid patients.

Figueiredo et al12 while assessing changes in the brainstem

auditory response in the adult women with subclinical

hypothyroidism found significant increase in the absolute

peak latency of waves III and V and interpeak latency of

wave III-V and I-V. Santos et al13 found increase in the

wave I-V interpeak latency in the BAEP study of acquired

hypothyroid patients. Di Lorenzo et al14 in their study also

found abnormal BAEP response in overt hypothyroid

patients. Huang et al15 found prolongation of the absolute

latency and interpeak latency in the hypothyroid patients.

Khedr et al16 found significant prolongation of all wave

latencies including interpeak latencies in some hypothyroid

patients. Chandrasekhar et a117 also found prolongation

of absolute latency wave III and V and prolongation of I-V

interpeak latency. Anand et al18 also found increased I-V

interpeak latency and decreased in the wave V amplitude

in the BAEP study of hypothyroid patients.

The present results are also supported by the study of

Yumnam et al19. The study revealed significant decrease in

the wave V amplitude while assessing the functional status

of auditory pathways in hypothyroid patients by BAEP

study. On the other hand Vanasse et al5 found no significant

difference in the BAEP study of hypothyroids compared to

that of the control group. Ozata et al20 also found no

rats and most consistent abnormal finding was prolonged

I-V interpeak latency.

The present findings are well supported by the study of

Thorton et al11. Their study also revealed decreased

Category 

 

 

Wave amplitude (µv) 

 

I 

 

V 

Control (n=41) 0.19±0.03 0.31±0.02 

Case (n=52) 0.17±0.03 0.27±0.03* 

 * p< 0.05
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abnormality in the BAEP study of subclinical hypothyroidism.

These variations in the study results may be due to

differences in the sample size, population and extent of

thyroid gland dysfunction, etc20.

Conclusions:

This study concludes that there is some delay in the

conduction in the auditory pathway of the hypothyroid

patients. There is also diminished recruitment of neuronal

pool of generators as indicated by the decreased amplitude

of BAEP waves. Further studies with large sample size

should be conducted to corroborate above findings.
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Prevalence and Determinants of Cigarette Smoking among

Undergraduate Medical Students in Kolkata

Abstract:

Despite knowledge about ill effects of smoking as well as seeing patients and death cases during their

training, medical students as well as physicians smoke. To assess the prevalence and determinants of cigarette

smoking among undergraduate medical students in Kolkata, a descriptive cross-sectional study was conducted

among 168 undergraduate medical students from February 2015 to March 2015 in a medical college hospital of

West Bengal using a self administered questionnaire. Data were analysed by Microsoft Office Excel 2010 and

SPSS 16.  About 23.22% were smokers; 16.67% and 6.55% were daily smokers and occasional smokers

respectively; 35.90% smoked since last 6 months to 1 year; 53.85%  used to smoke 5-9 cigarettes per day; peer

pressure was the most important risk factor (50.59%) of initiation of smoking habit. Male gender, senior students,

hostel residents, positive parental smoking history and other addiction had statistically significant effect. Effective

approaches are needed to help reduce tobacco consumption among medical students.

Key words: Medical students, cigarette smoking, peer pressure.

Introduction:

Tobacco use is one of the main risk factors for a

number of chronic diseases, including cancer, lung diseases,

and cardiovascular diseases. There are more than 4000

chemicals in tobacco smoke, of which at least 250 are

known to be harmful and more than 50 are known to cause

cancer. Despite this, it is common throughout the world1.

The tobacco epidemic is one of the biggest public

health threats in the world killing around 6 million people a

year; among them 5 million are the result of direct tobacco

use while more than 6 lacs are the results of non-smokers

being exposed to second-hand smoke. Nearly 80% of the

more than 1 billion smokers worldwide live in low- and

middle-income countries1.

Tobacco users who die prematurely deprive their

families of income, raise the cost of healthcare and hinder

economic development.

In some countries, children from poor households

are frequently employed in tobacco farming to provide family

income who are vulnerable to “green tobacco sickness”,

which is caused by nicotine that is absorbed through the

skin from the handling of wet tobacco leaves1.

Originals and PapersOriginals and PapersOriginals and PapersOriginals and PapersOriginals and Papers

Good monitoring tracks the extent and character of

181



the tobacco epidemic. Only 1 in 3 countries, representing

one-third of the world’s population, monitors tobacco use

by repeating nationally representative youth and adult

surveys at least once every 5 years1. A number of countries

have legislation restricting tobacco advertising, and regulating

who can buy and use tobacco products, and where people

can smoke1.

Despite the knowledge about smoking as well as

seeing patients and death cases during their training, medical

students as well as physicians smoke. Prevalence of smoking

among medical students varies internationally2-5. Smith and

Leggat2 conducted a systematic international review of

tobacco smoking habits among medical students. Results

showed that medical students in the United States,  Australia,

China and India were the least likely to smoke; while the

high proportion of tobacco users that were identified among

medical students in Japan, Greece, Spain and Turkey.

Xinguang et al3 reported  66.9% of male and 26% of female

medical students in China smoke cigarettes. A study in Iran

medical schools by Nazary et al4 demonstrated the

prevalence of smoking was 14.4% among medical students.

Another study by Abdulghani et al5 showed that 4.3% of

female medical school students smoke in Saudi Arabia.

With this background a study was conducted with

the objectives to assess the prevalence and determinants

of cigarette smoking among undergraduate medical students

in a tertiary care teaching hospital in Kolkata.

Materials and Methods:

Study design and setting: An institution-based

descriptive observational study, cross-sectional in design

was conducted in a tertiary care medical college hospital in

West Bengal.

Study duration: From 1st February 2015-31st

March 2015, a period of 2 months.

Study population: Fourth and 6th semester

undergraduate medical students of a teaching hospital of

Kolkata.

willing to participate in the study and gave informed written

consent.

Study tools: A predesigned pretested self

administered structured questionnaire was developed at the

institute with the assistance from three faculty members of

community medicine. The questionnaire had two parts: The

first part was on sociodemographic variables. The second

part was on the smoking pattern. A pretesting study was

carried out among 30 similar students of 8th semester.

Following this, it was modified and validated by another

three experienced personnel of community medicine before

final data collection.

Study variables: Age, sex, day scholar/hostel

resident, year of study, per capita monthly income (PCMI),

prevalence of smoking, duration of smoking, number of

cigarettes smoked per day, history of parental smoking

habit, influencing/precipitating factor behind initiation,

factors influencing current use.

Sample size and sampling technique: Among 4

currently studying semester groups 2 semesters ie, 4th and

6th were selected randomly by lottery method. All 150

students of 4th semester and 98 students of 6th semester

batch were included in the study. But in spite of repeated

visits only 168 students were available during the study

period.

Data collection procedure: Data collection was

done for each semester separately. All the participants were

briefed about the purpose and nature of the study and were

ensured about strict confidentiality and then informed written

consent was taken. The study population were told that

their participation was voluntary and not compulsory. Then

they were requested to fill in the questionnaire. The unwilling

participants and absentee students for 3 consecutive days

were excluded from the study.

Data analysis technique: Data were entered in

Microsoft Office Excel 2010 (Microsoft Corp, Redmond,

WA, USA), and analysed with Statistical Package for the

Social Sciences (SPSS Inc Released 2007. SPSS for

Windows, Version 16.0. Chicago) and Epi-info 6.04d
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Inclusion criteria: All ages; both genders who were



Table 1 – Distribution of the Study Population as per Sociodemographic Profile (n=168)

(Centres for Disease Control and Prevention, Atlanta, GA,

USA, 2001) using percentages and Chi-square test. P-

values less than 0.05 were considered statistically significant.

Operational definitions: (1) Socio-economic

classification: According to modified BG Prasad’s scale

(March) 20156. (2) The following criteria of smokers were

used7.

Non-smoker: One who had never smoked.

Occasional smoker: One who smokes less than once a week,

on special occasions or has only puffed few times.

Regular smoker: One who smokes daily.

were males; 54.76% were day scholars; 54.17 % were

from 4th semester; 45.83% were from 6th semester; and

60.12% belonged to class I as per modified BG Prasad’s

scale (March) 2015.

Prevalence and characteristics of smokers are

depicted in Tables 2 and 3. It was seen that among 168

students, 39 (23.22%) were smokers; 28 (16.67%) and

11(6.55%) were daily smokers and occasional smokers

respectively; among smokers 28 (71.79%) were regular

smokers and rest 11 (28.21%) were occasional smokers.

Regarding duration of smoking about 18 smoker

students (46.15%) smoked for less than 6 months,14

(35.90%) was in the practice of smoking since last 6 months

Results:

 A total number of 168 out of 248 students

participated in this study, which makes a response rate of

68%. Their sociodemographic profile is depicted in Table

1. Their age ranged from 20 to 25 years; mean age and

standard deviation was 22 and 2.79 years respectively;

72.02% were between 22 and 23 years age group; 62.50%

to 1 year and 7 (17.95%) smoked for more than 1 year;

regarding frequency of smoking about 11(28.21%) took

less than 5 cigarettes  per day; 21 (53.85%)  used to smoke

5-9 cigarettes per day; and 7 (17.94%) consumed 10 or

more cigarettes  per day (Table 3).
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Sociodemographic profile No of cases (%) 
Age (in years) :  

   20-21 

   22-23 

   24-25 

25 (14.88%) 

121 (72.02%) 

22 (13.09%) 

Gender:  

   Male 

   Female 

105 (62.50%) 

63 (37.50%) 

Recent residence:  

   Day scholar 

   Hostel resident 

92 (54.76%) 

76 (45.24%) 

Year of study:  

   4th semester 

   6th semester 

91 (54.17%) 

77 (45.83%) 

Per capita monthly income (PCMI):  

   Class I (upper): Rs 5,798 and above 

   Class II (upper middle): Rs 2,899 – 5,797 

   Class III (lower middle): Rs 1,739 – 2, 898 

   Class IV (upper lower): Rs 870 – 1,738 

   Class V (lower): Below Rs 870 

101 (60.12%) 

43 (25.60%) 

11 (6.55%) 

10 (5.95%) 

3 (1.78%) 

 

Second hand smoke: Passive smoking / environmental

tobacco smoke.

It was seen that peer pressure (50.59%) was the

most important risk factor of initiation of smoking habit



Table  2 – Distribution of Students according to Prevalence of Smoking Habit (n=168)

Table 3 – Duration and Frequency of Smoking among Smokers (n=39)

followed by stress and stress relieve (22.62%) (Table 4).

The differences between characteristics of smokers

and non-smokers are shown in Table 5. Tobacco smoking

was practised more by males than females; by senior

Discussion:

Medical students are the future doctors and role

model to their patients; so they have a leading role in

students than junior students and by hostel residents than

day scholars which was statistically significant (p<0.05).

About 35.12% students had other addictions. Other

addiction was significantly higher among smokers than non-

smokers (p < 0.05). About 36.31% students had positive

parental smoking history. Effect of parental smoking on

importance to determine their practice towards this problem.

The present study demonstrated that the prevalence

of smoking among medical students is 23.22% which is

comparable to that of previously reported data8-12 among

students of different medical colleges of India and abroad.

smoking habits of the participant was quite evident among

smokers that was significantly higher than non-smokers (p

< 0.05).

revealed the prevalence of smoking among medical students

was 19%; studys conducted at Lucknow by Kumari and

Nath9 showed the prevalence as 25.2%; study at Pakistan
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Smoking habit No of cases (%) 

Daily smokers 28 (16.67%) 

Occasional smokers 11 (6.55%) 

Non-smokers 129 (76.78%) 

 

Duration  and frequency of smoking No of cases (%) 

Duration:     

    <6 months 

 

18 (46.15%) 

     6 months to 1 year 14 (35.90 %) 

    > 1 year to 5 years 4 (10.26%) 

    > 5 years to 10 years 2 (5.13%) 

     >10 years 1 (2.56%) 

Number of cigarettes smoked per day:  

    <5 11 (28.21%) 

    >5-9 21 (53.85%) 

    10-20 6 (15.38%) 

    > 20 1 (2.56%) 

 

combating smoking in the community. Thus it is of great

One study in Saudi Arabia by Al-Haqwi et al8



Table  4 – Distribution of Risk Factors among Participants for Initiation of Smoking (n=168)

Table  5 – Association between Students’ Characteristics and Smoking Status (n=168)

by Minhas and Rahman10 demonstrated the prevalence as

21.5%; one study in Kolkata by Chatterjee et al11

described the prevalence as 18.3% and Yasso et al12 in

Iraq revealed the prevalence as 20.8%.

However reduced prevalence was seen in some other

similar studies such as study done in Iran by Nazary et al4
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(14.4%); in Pakistan by Nawaz et al13 (11.2%); in Kerala

by Mohan et al14 (14.1%);  at Hawler Medical University

by Mahmood et al15 (12.3%); and at Burdwan by

Bandyopadhyay et al16 (14.81%).

On the contrary; Basu et al17 in Kolkata; Singh et

al18 in Pune; Yerpude et al19 in Andhra Pradesh and

Cause of initiation No of cases (%) 

Peer pressure 85 (50.59%) 

Stress & stress relieve 38 (22.62 %) 

Curiosity 19 (11.31%) 

Entertainment 17 (10.12%) 

Loneliness 9 (05.36 %) 

 

Characteristics Smokers 

(n=39) 

Non smokers 

(n=129) 

Total 

(n=168) 

Chi-square; 

p-value 

Gender: 

    Male  37 (35.24%) 68 (64.76%) 105 (100%) 20.94; 0.0001 

    Female 2 (03.17%) 61 (96.83%) 63 (100%) 

Year of study: 

    4th semester 14 (15.38%) 77 (84.62%) 91 (100%) 6.82;0.009 

    6th semester 25 (32.47%) 52 (67.53%) 77 (100%) 

Current residence: 

    Day scholar 14 (15.22%) 78 (84.78%) 92 (100%) 7.29;0.006 

    Hostel resident 25 (32.89%) 51 (67.11%) 76 (100%) 

Parental smoking: 

    Present 22 (36.06%) 39 (63.94%) 61 (100%) 8.87;0.002 

    Absent 17 (15.89%) 90 (84.11%) 107 (100%) 

Other addiction  

(alcohol, drugs, etc): 

    Present 25 (42.37%) 34 (57.63%) 59 (100%) 18.72;0.0001 

    Absent 14 (12.84%) 95 (87.16%) 109 (100%) 

 



Aggarwal et al20 in Delhi showed higher prevalence of 30%;

46%; 39% and 27.11% respectively.

The smoking rate among female students was found

lower in this study, which was corroborative with the findings

of many other previous studies3,8,10-18.

Tobacco smoking is found to be significantly higher

among senior students compared to junior. Similar findings

are reported in other studies3,8,11 also. This is probably due

to increased stress faced by the students with their

progression over the years. However it was more among

first year students in Pakistan study13.

About 82.05% students consumed less than 10

cigarettes per day which was in line with study by Nazary

et al4; Yasoo et al12; Basu et al 17; and Yerpude et al19.

In this study the main factor for initiating the use of

tobacco was peer pressure; followed by as a means to

overcome the stress experienced during their studies; which

is comparable to various other studies3,8,9,17-20.

However in Saudi Arab study5 and Baghdad study12

the most reported causes are entertainment, stress and stress

relieve, anxiety and emotional causes whereas curiosity was

the main cause in the Kolkata study11.

There was a significant association between presence

of a smoker in the family and smoking behaviour of the

students in this study as well as in other studies9,17,18.

The  present study has several limitations. We could

not do multivariate analysis to assess the impact of different

factors that could have interfered in the final outcome

analysis. The prevalence of tobacco users in this study could

be an underestimation considering the fact that only 168

complete responses could be obtained from 248 students.

The possibility that present tobacco users could have

participated less in the present study which cannot be ruled

out.

Conclusions:

The present study revealed that cigarette smoking is

prevalent among undergraduate medical students who are

the budding doctors. Effective approaches are needed to

help reduce tobacco consumption among them. Because

most of the habits start in the hostel, strict restrictions should

be imposed on students in hostels to curb this menace

besides offering counselling.
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Comparative Study of Mast Cells in Different Pathological Types of

Surgically Resected Appendix Specimens

Abhijit Banerjee1, Soma Datta2, Debasis Bhattacharya2, Nikhilesh Dewasi2, Jyotirmoy Bhattacharyya3

Abstract:

Mast cells, constantly present in appendix can vary in numbers in normal and pathological states. The

objectives are looking for role of mast cells in pathogenesis of appendicitis, their quantitative variation in normal

appendix and appendicitis as well as in different layers of wall of appendix in varied pathological entities and their

relationship with eosinophils. One hundred patients were selected and mast cells, eosinophils counted and compared

in formalin fixed appendicectomy specimens by H&E, toluidine blue and Van Gieson stains. Females dominated in

the study with maximum cases (56%) in the age group of second and third decades. Recurrent appendicitis dominated

in the pathological group (69%), whereas high eosinophilic count was observed in acute eosinophilic appendicitis

and high mast cell count in acute eosinophilic and recurrent appendicitis. A positive correlation with mean eosinophilic

and mast cell counts in appendicitis was noted with increasing mast cell count with fibrosis.

Key words: Mast cell, eosinophil, appendicitis, fibrosis.

Introduction:

The biomedical literature included mast cells and

basophils in the group of basophilic leucocytes. Paul Ehrlich

recognised mast cells for their remarkable staining

characteristics of proteoglycan and protease rich

cytoplasmic granules1. Mast cells arise from haematopoietic

progenitor cells and mature ones usually do not circulate in

the blood but acquire their mature phenotype locally in the

tissues where they ultimately reside1.

Mast cells resemble basophils and both are bone

marrow derived cells, contain electron dense granules

staining metachromatically with selected basic dyes and

produce numerous inflammatory mediators like histamine.

Both express high affinity receptor for IgE which on

activation by anti IgE antibodies induce mediator synthesis

and secretions playing important roles in allergic inflammation
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and immune response. Mast cells mature outside bone

marrow, generally in connective tissue or serous cavities,

while basophils circulate in blood and recruited during allergic

responses1-3.

Most mast cells primarily found in skin, gastro-

intestinal tract and respiratory tract are constantly present

in appendix, the organ most commonly subjected for

surgical intervention and removal. Although, clinical and

operative protocols are well known but pathogenesis of

acute appendicitis is poorly understood. Currently, luminal

obstruction due to faecoliths or less commonly submucosal

lymphoid hyperplasia especially in children appears to initiate

acute inflammation in appendix1-3.

The present study aims at finding role of mast cells in

pathogenesis of appendicitis; their variation in counts in
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mucosa, submucosa, and muscle layers in different

histopathological  groups of inflammed appendix compared

to uninflammed one in various age groups. The study also

looks for relationship between mast cells and fibrosis in

appendix as well as relationship between number of

eosinophils and mast cells in inflammed appendix.

Materials and Methods:

The prospective study was conducted in a tertiary

care hospital in West Bengal in a time period of one year

after taking clearance from the Institutional Ethical

Committee and consent from patients. One hundred patients

who attended and got admitted in surgery department with

appendicitis were included in the cross-sectional

observational study where appendices got removed for

acute appendicitis, in course of laparotomy and those

present with pathological ileocaecal specimens. Exclusion

criteria were applicable for cases of acute gangrenous

appendicitis with associated necrosis.

Appendices fixed in 10% formalin were received by

the department of pathology for study. One section from

tip, base and body was taken after 24 hours of fixation.

Postprocessing and embedding of tissue sections into

paraffin blocks were done; two sections of five micron

thickness cut from each block. One of the sections stained

by haematoxylene and eosin (H&E) and the other by one

per cent toluidine blue for identification of mast cells.

H&E stained sections studied for histopathological

evaluation of acute appendicitis with emphasis on presence

of eosinophils and fibrosis. Van Gieson stain was used to

confirm the presence of fibrocollagenous tissue. Toluidine

blue stain (1%) was used for identification of mast cells.

The number of mast cells in the mucosa, submucosa

and muscular layer counted at high power and average

counts obtained in ten non-overlapping high power fields

considered in each case. Average eosinophil count in all

layers in H&E stained sections obtained as described for

mast cells. Field of view of eyepiece of microscope used

was 18mm and area of field covered by high power

objective of microscope was calculated to be 0.4mm2.

Considering this data, cell counts expressed as number of

cells per mm2. Further, the relationship of mast cells with

eosinophilic infiltrate and fibrosis was also assessed.

The relationship between mast cell numbers and

degree of eosinophilic infiltration was evaluated using

Spearman’s rank correlation test. The eosinophil and mast

cell counts in various histopathological categories were

compared using ANOVA.

In H&E staining procedure; sections brought to water,

stained with Harris haematoxylene for two to three minutes

followed by washing in running tap water. Sections were

then differentiated in 1% acid alcohol, washed in running

tap water followed by counterstaining with aqueous eosin

for two minutes. Dehydration with two to three changes of

absolute alcohol was done and cleared with two to three

changes of xylene. Finally, sections were mounted by dibutyl

phthalate polystyrene xylene (DPX). Nuclei were stained

blue and cytoplasm pink in colour.

In toluidene blue metachromasia staining procedure,

sections deparaffinised through two changes of xylene,

absolute alcohol and ninety five per  cent alcohol to distilled

water. They were then stained in one per cent toluidene

blue solution for one to two minutes and rinsed in distilled

water. Sections covered, edges of cover slip blotted and

sealed with finger nail polish. Microscopical examination

was done promptly following preparation which showed

purple coloured mast cell granules in blue background.

In Van Gieson staining procedure, deparaffinised

sections were hydrated to distilled water. Nuclei were

stained with working solution of Working Weigert’s iron

haematoxylene for fifteen to thirty minutes and washed in

water until nuclei were dark blue-black in paler blue-black

background. Staining with Van Gieson’s stain was done for

three minutes, dehydrated rapidly in alcohol, then cleared

and mounted. Collagen fibres took red colour; nuclei were

brown black and yellow colour visualised in  muscle and

red blood cells.

Results:

The present study conducted on hundred surgically

resected specimens of appendix. Of 100 cases; 44 were

males (44%) and 56 females (56%) with male to female

ratio of 1:1.27.  Age of patients ranged from 7-64 years

with mean age of  25.7 years. Thirty-eight cases (males –

16  and females – 22) were in the third decade and 31

cases (males – 14 and females – 17) in second decade.
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Seven appendices (7%) were removed during other surgical

procedures without any clinical symptoms of appendicitis

and showed normal in gross appearance  and histology.

Acute appendicitis was diagnosed when patient

presented with acute onset of fever, severe umbilical or right

lower abdominal quadrant pain with tenderness and vomiting

and muscularis propria, submucosa showed infiltration by

neutrophils which were accounted in 13 cases (13%).

Acute suppurative appendicitis with clinical

presentation of acute symptoms and showing dense

infiltration of  the muscle  wall with  neutrophils, eosinophils,

plasma  cells  and  lymphocytes  throughout  all  layers

were seen in 5 cases (5%).

Acute eosinophilic appendicitis  presenting clinically

like classic acute appendicitis with inflammed and

oedematous appendix, showing marked eosinophilic

infiltration into the mucosal crypts, submucosa, muscular

and serosal layers without neutrophils were found in six

cases (6%).

Maximum number of  cases  (69%) were of recurrent

appendicitis presenting with history of repeated attacks of

right lower abdominal quadrant pain greater than two weeks

and pathologic findings of chronic inflammation with or

without fibrosis.

Forty-four out of 69 cases of recurrent appendicitis

were seen above 20 years of age. Among the nine cases of

acute appendicitis studied, peak incidence of occurrence

was seen in age group above 20.

Out of 56 female patients, 40 (71.4%) presented with

recurrent appendicitis compared to all other groups.       This

was statistically significant (p<0.01). Out of 44 males; 29

(65.9%) were presented with recurrent appendicitis which

was higher compared to other groups, followed by 8 cases

(18.2%) of acute appendicitis. Out of 69 cases of recurrent

appendicitis higher incidence was seen in females (n=40)

(58.0%), which was also statistically significant (p<0.01).

The length of appendices studied ranged from 3-8.5cm with

a mean length of 5.56 cm. All appendices received were of

entire length and 75 appendices (75%) had attached

mesoappendix. External surface showed hyperaemia with

congested blood vessels in 70 cases. Sixteen appendices

were swollen and 5 showed pus on surface. Wall of

appendices were thickened in 58 cases and thinned in 11

cases. Mucosal ulceration was seen in 16 cases and

hyperaemia in 24 cases. Lumen of appendix showed

faecolith in 38 of all cases, luminal dilatation was seen in 20

cases and narrowing in 34 cases. Five cases showed pus in

the lumen.

Lumen showed neutrophilic predominant exudates

in 18 appendices and eosinophilic predominant exudates in

6. No parasite was found in the studied cases. Appendiceal

mucosa was ulcerated in 41 cases and congested in 52

cases. Neutrophilic predominance was seen in 18 cases

and eosinophilic predominance in 6 cases. Maximum

number of cases (n=76) showed lymphocytic

predominance.

Submucosal oedema was seen in 11 cases;

inflammation in 82 with majority (n=76) showing

lymphocytic predominance in submucosa followed by

neutrophilic predominance in 18 cases and 6 showed

predominant eosinophilic infiltration. Seventy-nine cases

showed submucosal fibrosis. Fifteen cases showed oedema

in the muscularis, 34 cases showed inflammation and

fibrosis. Oedema was seen in 10 cases, inflammation in 20,

congestion in 60 and fibrosis in 10 cases. Out of 100

appendices studied, maximum number of recurrent

appendicitis showed fibrosis in submucosa (n=62) and

muscularis propria (n=24).

Patients were divided into two age groups of below

and above 20 years and results were analysed. Mean

eosinophilic count in mucosa in various histopathological

groups in each age group was compared. Highest mean

eosinophilic count of 143.75/mm2 was seen in mucosa of

acute eosinophilic appendicitis and was statistically significant

(p<0.01). It was found that mean eosinophilic count in

mucosa was low in acute appendicitis. Mean eosinophilic

count in submucosa of appendices in various

histopathological groups in each age group was compared.

Highest mean eosinophil count of 43.33/mm2 was seen in

acute eosinophilic appendicitis followed by 32.5/mm2 in

acute suppurative appendicitis. It was found that eosinophil

count in mucosa were high in acute eosinophilic appendicitis;

low in acute appendicitis and normal appendices. Mean

eosinophil count in the muscularis propria of appendices in

various histopathological groups in each age group was

compared. Highest number of mean eosinophil count of

190    MEDICAL  GLORY, VOL 1, NO 3, JULY-SEPTEMBER, 2017



65/mm2 was seen in acute eosinophilic appendicitis and that

in acute suppurative appendicitis was 25/mm2.

Mucosal  mast cell count in various histopathological

groups in each group was compared. Highest mean mast

cell count was observed in mucosa of acute eosinophilic

appendicitis (12.5/mm2)  followed by recurrent appendicitis

(10.6/mm2)  (Table 1).

Table 1 – Comparison of Mast Cell Counts in the Mucosa of Appendix

Table  2 – Comparison of Mast Cell  Counts in the  Submucosa of  Appendix

Mast cell counts in submucosa in various

histopathological groups of appendices in each group were

compared. Highest mean mast cell count of 28.7/mm2 was

seen in acute eosinophilic appendicitis followed by 27.5/

mm2 in recurrent appendicitis (Table 2).
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Histopathological 

groups 

 

Mean mast cell/mm
2
 Total mean 

mast cell 

count/mm
2
 Age 0-20 years Age >20years 

Normal (n=7) 6.2 4 4.6 

Recurrent (n=69) 12.3 8.4 10.6 

Acute (n=13) 7.8 7 7.5 

Acute suppurative (n=5) 10 5 8 

Acute eosinophilic (n=6) 0 12.5 12.5 

 

Histopathological 

groups 
 

Mean mast cell/mm
2
 Total mean 

mast cell 

count/mm
2
 Age 0-20 years Age >20years 

Normal (n=7) 11.2 7.5 8.6 

Recurrent (n=69) 25.9 28.3 27.5 

Acute (n=13) 18.2 26.7 22.1 

Acute suppurative (n=5) 24.2 16.2 19.0 

Acute eosinophilic (n=6) 0 28.7 28.7 

 

Mast cell counts in muscularis propria of the

appendices in the various histopathological groups were

compared. Highest mast cell count of 20.4/mm2 seen in

acute eosinophilic appendicitis followed by 15.7/mm2  in

recurrent appendicities (Table 3).

Appendicectomy specimens from both genders did

not show any significant differences in mast cell counts in

any of the layers. Highest mean mast cell count was seen in

acute eosinophilic appendicitis and lowest found in normal

appendices. Recurrent appendicitis showed higher mean

mast cell count (Fig 1, toluidine blue, x100) compared to

suppurative appendicitis showed intermediate counts.

A positive correlation established using Pearson’s test

between mean eosinophilic counts/mm2 and mean mast cell

count/mm2 in the different layers of appendix in various

histopathological groups showing trend towards significance

(p<0.05). Mast cell count in mucosa was found to be higher

in acute eosinophilic appendicitis and recurrent appendicitis

with or without fibrosis as compared to other inflammed

appendices. Submucosal mean mast cell count was higher

in acute eosinophilic appendicitis  and recurrent appendicitis

other inflammed appendices. Acute appendicitis and acute



Fig 1 –  Photomicrograph Showing Presence of Mast Cells (Pointer) in Muscular Layer in Recurrent Appendicitis

Table  3 – Comparison of Mast Cell  Counts in the  Muscularis  Propria of  Appendix

Histopathological 

groups 

 

Mean mast cell/mm
2
 Total mean 

mast cell 

count/mm
2
 Age 0-20 years Age >20years 

Normal (n=7) 6.25 4 4.64 

Recurrent (n=69) 16.9 15.7 15.8 

Acute (n=13) 9.3 15.8 12.3 

Acute suppurative (n=5) 15.8 5 11.5 

Acute eosinophilic (n=6) 0 20.4 20.4 
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when compared to other inflammed appendices and showed

a trend towards significance (p<0.05). No significant

difference was observed in mean mast cell count in the

different layers of appendices in each age group.

Discussion:

The surgically resected appendices of 100 patients

were  grossly  and  histopathologically evaluated along with

mast cell and eosinophil counts. Appendix since long was

erroneously viewed as vestigial organ with no known

function. It is now recognised that appendix is an

immunological organ that actively participates in secretion

of immunoglobulins, particularly immunoglobulin A3-7.

In the present study, out of 100 resected appendices,

44 were males and 56 females with male to female ratio of

1:1.27. Highest incidence of appendicectomy was seen in

third decades with mean age of 25.7 years. Chang8 in his

analysis of 3003 appendices found a slight preponderance

of males. He found that 82% of appendices removed from

the patients were less than thirty years of age, similar to the

present study. Male predominance of acute appendicitis

was also seen by Elangovan et al4 and Singh et al9 which

was consistent with present study. Petras and Goldblum10

showed common occurrence of appendicitis in second and

third decades with incidence falling gradually after 40 years
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of  age, equally affecting males and females with affection

of females more in 15-25 years group with female to male

ratio of 2:1.This difference is not noted in other age groups.

Rosai5 observed acute appendicitis seen in either sex at

any age but most frequently in young men. He also noted

that a false positive diagnosis was twice as common in

females and males. Appendix in cases of repeated episodes

shows fibrosis indicative of previous inflammation. However,

existence of recurrent appendicitis has always been

controversial and only readdressed6. In the present study,

recurrent appendicitis was seen more frequently than acute

appendicitis. The incidence of recurrent appendicitis was

higher above 20 years of age. A significantly high incidence

of recurrent appendicitis was seen in females in this study.

Chang and Chan11 noticed an 11% incidence of recurrent

appendicitis out of 290 patients with appendicitis comprising

21% females. The diagnosis was retrospective, as the patient

had to be symptom-free after surgical removal of appendix;

15% of patients had more than three previous episodes of

right iliac fossa pain, attributed to recurrent inflammation of

appendix. Thackray12 found that histological features of

progressive fibrosis with infiltration by lymphocytes and

plasma cells together with hyperplasia of lymphoid tissue

are normally present.

Crabbe et al13 found 10% incidence of recurrent

appendicitis and cautioned that to deny the existence of

these clinical presentations may needlessly delay surgical

treatment in patients with recurrent appendicitis. Barber et

al14 concluded that recurrent appendicitis exists and affects

at least 6.5% of those who ultimately have an inflammed

appendix removed. In the present study, no case of chronic

appendicitis was found which collaborated with most of

the authors. They were probably represented as recurrent

appendicitis as noted by Hertzler15. In the present study of

100 cases, no case of subacute appendicitis was found but

showed 5% of acute suppurative appendicitis. Stephenson

and Snoddy7 classified appendices having polymo-

rphonuclear leucocyte infiltration of muscle wall, with or

without other inflammatory cell infiltration as acute

suppurative appendicitis. Most of these appendices showed

dense infiltration of neutrophils in the muscular layer and

constituted 28.6% of inflammatory lesions of appendix in

their study.

Eosinophils as a role infiltrate in the muscle layer in

appendicitis have been described previously. Strphenson

and Snoddy7 chose to call it “subacute appendicitis” when

there is an infiltration of muscle wall by at least five

eosinophils / high power field but failed to mention the clinical

correlation to justify this term. Jona et al16 observed cases

which presented as acute appendicitis but containing only

transmural eosinophilic infiltration in appendix and included

them in the spectrum of eosinophilic gastro-enteritis rather

than primary appendicitis.

Aravindan17 observed mural eosinophilic infiltration

as consistent finding in acute appendicitis and described

cases where eosinophilic infiltrate was the sole finding. He

was the first to suggest that eosinophilic infiltration in acute

appendicitis is an early event linked possibly to type I

hypersensitivity reaction. In another study, Aravindan et al18

described cases which presented clinically like classic acute

appendicitis, where an inflammed and oedematous

appendix does not show neutrophils in the muscle layer,

but marked eosinophil infiltration instead. He chose to name

this entity as “acute eosinophilic appendicitis”.

In the present study, 6 out of 100 appendices showed

the histological features fitting into the category of acute

eosinophilic appendicitis, the incidence of which was similar

to that seen by Aravindan17. A significantly high mean

eosinophil count in all the three layers is seen in acute

eosinophilic appendicitis when compared to normal and in

other histopathological groups of appendicitis as in the

present study also.

In this study, higher mucosal mast cell count was seen

in acute eosinophilic appendicitis and recurrent appendicitis.

Intermediate counts were seen in mucosa of acute

appendicitis and acute suppurative appendicitis. Crowe and

Howe19 showed high mucosal mast cell count in normal

appendix. This was in contrast to present study which

showed very low mast cell count in normal appendix. Naik

et al20 found that mean mast cell counts were decreased in

mucosa and submucosal layers of acute appendicitis. They

concluded that the cause of decreased mast cell count is
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due to inability to detect them because of degranulation or

elimination through mucosa. Aravindan17 and Aravindan et

al18 found wide range of mean mast cell count in normal

appendices. They  suggested that normal appendices with

high initial mural mast cell count are prone to develop acute

appendicitis. Mysorekar et al21 studied 150 appendices,

out of which 6 showed normal histology and these

appendices showed very low mast cell counts in all the layers

similar to that seen in the present study. They found a higher

mast cell count in acute appendicitis compared to normal

appendices but chronic appendicitis showed highest mast

cell count. Singh et al9 found highest mean mast cell count

in clinically acute but histological normal appendices when

compared to controls and also acute appendicitis. They

remarked that a statistically significant increase in mast cells

in appendices which appear normal on histology but clinically

have symptoms of acute appendicitis may explain the clinical

presentation and opined that the pain in these patients may

be caused by degranulated mast cells.

In the present study, submucosal mean mast cell

count was lowest in normal appendix which was in

concordance with Mysorekar et al21 and Singh et al9. Naik

et al20 found high mean mast cell count in normal appendices

and subacute appendicitis. In the present study, highest mean

mast cell count was seen in acute eosinophilic appendicitis

and recurrent appendicitis and very low in normal

appendices similar to studies by Mysorekar et al21 and

Singh et al9.

In the present study, a higher mast cell count was

observed in the muscularis propria in recurrent appendicitis

when compared to acute appendicitis. Lowest mean mast

cell count was seen in normal appendices which is in

concordance with other authors. Highest mean mast cell

count was observed in cases of acute eosinophilic

appendicitis. Aravindan17 found high mean mast cell count

in muscular layer of recurrent appendicitis which was also

found in the present study.

Mysorekar et al21 found highest mean mast cell count

in the muscular layer , lymphocytes and plasma cells with

presence of submucosal lymphoid hyperplasia and varying

degree of fibrosis. In the present study, the term chronic

appendicitis was avoided since its existence has been

disputed. Instead, the term recurrent appendicitis used for

the cases showing similar histological features along with a

clinical history of repeated bouts of abdominal pain in the

past.

Crowe and Howe19 and Naik et al20 found a higher

mucosal mean mast cell count in children as compared to

older patients. The present study did not show any such

difference which was similar to study by Mysorekar et al21.

There was no correlation between sex and mast cell count

in the present study as has also been described by Naik et

al20 and Mysorekar et al21.

Aravindan17 found that mast cells tend to be few and

degranulated in areas which showed clustering of

eosinophils. Naik et al20 suggested that eosinophils are

attracted to eosinophilic chemotactic factor or histamine

release from the mast cell granules. Singh et al9 also

observed an increase in mean mast cell count in different

layers with a corresponding increase in mean eosinophilic

count and attributed it to the chemotactic factor and

histamine release from mast cells. In contrast, Mysorekar

et al21 did not find any correlation between mast cell and

eosinophil density or distribution. In the present study, a

positive correlation was found between mast cell and

eosinophil count. It was also observed that highest mean

mast cell count was seen in acute eosinophilic appendicitis

which also showed highest mean eosinophil count in all the

layers.

Stead et al22 found that appendices with fibrosis have

higher mast cell count and histamine. They postulated that

nerve growth factor causes hyperplasia of both mucosal

and submucosal mast cells and that certain fibroblasts have

the ability to make nerve growth factor. Naik et al20

observed a rise in mast cell count in early stages of fibrosis

and as the fibrosis increased this association was retained

only in submucosa.

The present study showed fibrosis in 62% cases in

submucosal and muscularis layers. These showed a

concurrent higher mast cell count as compared to other

inflammatory appendices. The mast cell mediators are

involved in different acute and chronic inflammatory and
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Abstract:

Following the pioneering work of Gluckman and colleagues, umbilical cord blood (UCB) has become an

important source of hematopoietic stem cells for clinical transplantation and banked UCB units are now readily

available for this purpose. UCB banks now operate in many countries, with more than 10,000 allogeneic transplants

having been performed world-wide. Many of the procedures for processing and storage of UCB in use in England

today were established at the New York Cord Blood Bank in the 1990s and modified in the National Blood

Service (now NHS Blood and Transplant or NHSBT). UCB Banking within NHSBT was first instigated in 1995

as part of the South East Regional Blood Transfusion Service. The first cord blood units were then banked in

February 1996 in dedicated facilities at Edgware in London and, for the following seven years, altruistic donations

were principally obtained through maternity units within two hospitals, Northwick Park and Barnet General NHS

Trust hospitals. These hospitals were selected on the basis of their closeness to Edgware, and their high proportion

of ethnic minority groups, which were inadequately represented in UK bone marrow donor registries. In 2001, with

the nationalisation of the Blood Transfusion Services in England and North Wales and prior to the merger of the

National Blood Service (NBS) for England and North Wales with UK Transplant to form NHSBT, cord blood

collections and banking for clinical transplantation and research were integrated into the Stem Cells and

Immunotherapies Department. This Department, now within NHSBT, comprises a network of 8 Human Tissue

Authority (HTA) licensed GMP-grade facilities including the NHS Cord Blood Bank (previously the London Cord

Blood Bank) specialising in the procurement, testing, processing,  banking and issue of stem cell harvests or products

from umbilical cord blood, mobilised peripheral blood and bone marrow. The laboratories are also at the forefrontfor

the development and delivery of advanced cellular therapies or related diagnostics using these cell sources. The

NHSBT now sources unrelated UCB units from 4 hospitals in London, collects designated or directed family UCB

units throughout England, and also obtains UCB units for research. This chapter will review current UCB collection

and banking practices within NHSBT and will summarise the significant changes that have occurred since their

inception and integration into the first public cord blood bank for transplantation and research in the United Kingdom.
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Introduction:

The first umbilical cord blood (UCB) transplant was

carried out approximately 20 years ago for a patient with

Fanconi’s anemia1. Since then, its importance in clinical

hematopoietic stem cell (HSC) transplantation, when

sourced from both unrelated and related donors, has

increased2-11. UCB transplants have the advantage of less

graft-versus-host (GvH) disease than similarly matched non-

T cell depleted bone marrow (BM) transplants, although

time to engraftment for single UCB unit transplants may be

delayed2-11. Factors associated with improved UCB

engraftment include lower recipient age and weight, closer

HLA matching and cell dose12. Low UCB cell doses have

often restricted their use for transplantation to children or

small adults, where recommended doses range from or

exceed 2.5 to 5x107 total nucleated cells (TNC) per kg12.

Newer advances have increased cell dosages for specific

disease indications. These have included the use of double

UCB transplants in adults or for larger recipients, the use

of combinations of UCB with selected BM or mobilised

peripheral blood CD34+ cells in an haplo-identical setting,

non-myeloablative transplants using UCB in older patients

and genetic testing at the time of in vitro fertilisation in the

case of designated or directed sibling cord blood donat-

ions2,3,7-17. Indeed, of 8,191 UCB released for transplant

from the Netcord inventory by June 2008, approximately

half the recipients were adults18.  The NHSBT experience

with unrelated UCB donations and transplants is described

below.

In the UK, approximately 25% of patients requiring

an allogeneic stem cell transplant have an HLA-matched

sibling and for the majority of the remainder, if white

Caucasian, an appropriate unrelated BM or peripheral blood

stem cell (PBSC) harvest or a stored unrelated UCB

donation will probably be found2,11. For some children,

especially those from ethnic minority groups and those who

suffer from inherited disorders such as hemoglobinopathies

or immune deficiency, a directed collection of UCB following

the birth of a sibling may be the only opportunity for an

HLA-matched transplant until the sibling is able to donate

BM7,11,18-21. In addition, such directed or designated UCB

(DCB) donations from matched siblings have generally been

shown to give better overall results than matched unrelated

BM. Pre-implantation genetic testing in the UK to ensure

that a pregnancy will result in a child free from a serious

inherited disorder known to exist in the family is now

accepted practice regulated through the Human Fertilisation

and Embryology Authority (HFEA)22,23. Combined with

pre-implantation HLA typing this practice will increase the

chances of finding a matched disease-free DCB collection

and so the number of DCB collections is likely to rise 7,11,24,25.

Our current NHSBT DCB experience is described below.

The use of UCB for tissue repair and further studies on

UCB leading to more successful hematopoietic stem cell

transplantation are dependent on the outcome of current

research2. NHSBT also collects cord blood units for

research purposes and a summary of collections and the

research being conducted are also outlined below.

Cord Blood Collection and Banking Practices in

NHSBT and Licensing Requirements:

As indicated above, NHSBT takes responsibility for

three integrated types of cord blood donations: 1) altruistic

unrelated cord blood collections and banking, 2) designated

related cord blood collections and banking and 3) cord

blood donations for research, all on a not-for-profit basis.

Progress with each of these activities is described below.

All NHSBT laboratories involved in these activities are

licensed with the HTA and thus meet the requirements of

the UK Human Tissue Act (2004)26 and the EU Directive

for Tissues and Cells (2004/23/EC)27. The European Union

Tissue and Cells Directives set out to establish a harmonised

approach to the regulation of tissues and cells across

Europe. The Directives set a benchmark for the standards

that must be met when carrying out any activity involving

tissues and cells for human application (patient treatment).

The Directives also require that systems are put in place to

ensure that all tissues and cells used in human application

are traceable from donor to recipient. The Directives were

fully implemented into UK law on the 5th July 2007 by the

Human Tissue Authority (HTA) via the Human Tissue

(Quality and Safety for Human Application) Regulations

2007 (Q&S Regulations)28. The HTA’s remit was extended

and from July 2008 now includes the licensing of

organisations that procure as well as test, process,distribute

or import/export tissues and cells for human application.
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Procurement is defined as the processes by which tissues

and cells are made available, including the physical act of

removing tissue and the donor selection and evaluation.

The NHS Cord Blood Bank in London for Unrelated

Donations:

The NHS Cord Blood Bank collects altruistic unrelated

cord blood units for clinical transplantation and research

from maternity units in 4 NHS Trust hospitals in or close to

London, viz. Barnet General, Nortwick Park, Luton and

Dunstable and Watford General. The Luton and Dunstable

collections were commenced during 2003 and the Watford

General collections during 2007. There are plans to open a

fifth collection site at St. George’s Hospital in Tooting in the

coming year. Our aim is to bank 20,000 UCB units by

2013, with approximately 40% from ethnic minority groups

in England. Further details on our banking and testing

protocols have been described2,29-31.

Banking and transplantation of unrelated units –

Collections ex utero are carried out by trained cord blood

bank staff 24 hours per day, 5 days per week after pre-

consenting mothers, and without influencing or interferring

with normal routine deliveries and using procedures which

minimise medical attention being drawn away from the

mother and baby during the collection process. The

collections take place  in a dedicated area outside the delivery

suite so that intrusion on the wellbeing of the mother and

child are minimised. The cord blood collection procedure

relies on needle cannulation of the umbilical vein and then

gravity feed into a sterile collection bag containing anti-

coagulant essentially as has been described pre-

viously2,29-31.  An ISBT-128 bar coding system ensures that

the UCB units are traceable from the donation to the therapeutic

use of the units32,33. Only those units containing at least 40 mls

of blood are currently processed for banking for transplantation

if they have appropriate written informed consent, while those

not meeting these criteria, and where consent and ethical

permission for research have been given, are made available

for research. Processing is carried out within 24h of collection.

Further exclusions from banking at present include low total

nucleated cell counts (<4x108/unit), medical exclusions (e.g.

abnormal blood films, infectious or other disease indicators),

processing anomalies (e.g. nucleated cell viability <80% and

recoveries after processing of  <70%) and language exclusions.

Prior to processing and banking, a blood film is made and

3.5mls of the UCB unit is taken for HLA tissue typing and

0.5ml for a full blood count30,31. UCB units are volume reduced

to 21mls and depleted of plasma and erythrocytes, previously

using the Optipress system30 and currently using the Biosafe

Sepax system2,11,29,34.  After processing, the erythrocyte fraction

is used for blood grouping, plasma is used to screen for

mandatory virology (viz. HBsAg, anti-HCV, HIV 1 and 2,

syphilis, and HTLV I and II, HCV and HIV by PCR by the

NHSBT at the time of UCB unit reservation), and an aliquot

of the buffy coat used for full blood and CD34 counts and

viability testing. The UCB buffy coat is then cryopreserved

using DMSO and stored in a Bioarchive with the capacity to

hold 3,626 UCB volume reduced units29.

The NHS Cord Blood Bank was listed as the fourth

largest of 31 banks worldwide on the NETCORD inventory

(if the banks in Sydney and Melbourne are not combined)

as of June 2008 (Table 1). It was the second after the New

York Blood Centre to obtain FACT-Netcord accreditation.

The percentage of UCB units released for transplantation

from these 31 banks was on average 4.35%, almost equally

distributed to children and adults if considered overall18.

There was of course variability depending on the site of the

Cord Blood Bank (Table 1). Assessment of the inventories

of FACT-NETCORD accredited Cord Blood Banks listed

on NETCORD revealed 128,933 cord blood units were

available for transplantation (June 2008) and usage for

transplantation varied from 0.6% to 13.4% per bank, the

highest being in France18.  Although 11,659 unrelated cord

blood units were listed on the June 2008 inventory, by

August 31st 2008 there were 11,969 unrelated cord blood

units banked for transplantation in the NHS Cord Blood

Bank (Fig 1).  Approximately 40% of banked unrelated

UCB units have been sourced from ethnic minority donors.

An analysis of  the first 8,201 UCB units banked at the

NHS Cord Blood Bank has revealed approximately 60%

were from donors of northern European caucasoid origin,

20% from non-European caucasoid (Asian), 7% African/

Afro-Caribbean, 1% oriental and 10% of mixed ethnic

origins, and the ethnicity of 2% was unknown. Of these,

HLA alleles that were present at a higher frequency included
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HLA-A68, A33, A11, B52, B61, B37, Cw7, Cw4, Cw8,

DR10, DR14, DR12, and DR8, while haplotypes present

at a low frequency or not detected in the bone marrow

donor registry included HLA-A33 B44 and HLA A30 B42

DR1835.  In a further analysis of over 7,000 UCB units,

some differences were noted in the collection volume, TNC

count and CD34 cell numbers in UCB units from different

ethnic groups35 and these are illustrated in Table 2.

Cord blood units unsuitable for banking – A

proportion of cord blood units prove unsuitable for banking

for transplantation as described above. We have seen this

loss in units fall over the period of banking unrelated units

Table  1 – The June 2008 NETCORD Inventory Showing Ten Cord Blood Banks with the Highest

Numbers of Recorded Units and Demonstrating the Numbers of Cord Blood Units Registered and

Released for Transplantation

ND = No data

Table  2 –  A  Comparison of TNC, Cell Volumes and CD34 Numbers in UCB Units from Different

Ethnic Groups
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Fig 1 – Cumulative  Increases Year on Year in the

Numbers of Unrelated Cord Blood Units Banked for

Transplantation until August 31st 2008

Cord Blood Bank Inventory Units released for 

Transplant 

Ratio of children: adults 

transplanted 
New York 36638 2659 1.74:1 

Durham 17378 836 ND 

Sydney + Melbourne 15680 438 1.06:1 

Dusseldorf 13796 508 1.10:1 

NHS Cord Blood Bank, 

London 

11659 213 1.39:1 

Malaga  10921 88 0.57:1 

Barcelona 8487 387 0.83:1 

Leuven 8207 112 1.24:1 

Milan 6981 363 1.14:1 

France 6470 865 0.46:1 

 

Ethnic origin Number of UCB 

units assessed 

Collection 

volume (mls)* 

TNC x 10
7 *

 % CD34+ cells 

post processing 
Northern European                 

   Caucasoid 

4,933 75+25 120+58 3.1+58 

Mixed race 781 73+24 113+55 2.8+2.7 

Asian 1,534 70+21 104+46 2.4+2.1 

Black 554 70+22 97+45 2.6+3.0 
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and this is illustrated from 2005-06 to August 31st 2008 in

Fig 2. The number of banked units from those collected

has, over this time risen, from approximately 55% to a

current Fig of just over 70%. UCB units were unsuitable

recipients (Table 1). A comparison of the first 7,897 UCB

units banked and of the first 165 unrelated UCB units

transplanted from the NHS Cord Blood Bank has revealed

a preference to select UCB units with higher TNC counts

as illustrated in Fig 4. Of those issued, just over 6% were

low volume and 55% of these low volume units were issued

to non European caucasoid (Asian) recipients, where the

high degree of HLA matching was the main reason for

usage35.

A form requesting information on adverse reactions,

primary engraftment data, and transplant outcome is issued

with the UCB unit for transplant and additional information

requested as appropriate by telephone. Severe adverse

events are reported to the HTA. Approximately one third

of the UCB units issued were from ethnic minority donors.

Each transplant centre determines engraftment using their

usual protocols. Neutrophil engraftment is defined as the

first of 3 consecutive days to reach 0.5x109 neutrophils per

litre and platelet engraftment as the first of 3 consecutive

days to reach 20x109 platelets per litre, with at least 7 days

since the last platelet transfusion. To date, transplant

outcomes for 144 unrelated UCB units from the NHS Cord

Blood Bank have been analysed up until June 2007. Of

these, overall 82.6% engrafted, with the rate being 74%

for the first 50 units and 87.2% for the next 94 units. Of

120 units assessed, the 2-year survival rate was 37.5%,

while the 5-year survival of 53 UCB units assessed, was

34%.

The Collection and Use of Designated or Directed

Cord Blood Units for Transplantation:

NHSBT, through its network of licensed and accredited

hematopoietic stem cell services laboratories, has taken a

leading role in the provision of a national DCB service for

high risk families11. This service encompasses liaison with

the obstetric delivery unit to arrange collection, processing,

testing, storage and issue for transplantation. This service

was developed to operate in a GMP-compliant environment

as prescribed by the UK Department of Health Code of

Practice for Tissue Banks 2001. The DCB service was

also developed to meet the evolving standards of the UK

Blood Transfusion Services’ ‘Red  Book’ quality

standards36, FACT-NETCORD guidelines37, the

Fig 2 – Percentage  of Units Unsuitable for Banking

Compared to Those That are Banked

for transplantation for a variety of reasons, including low

volumes, low total nucleated counts (TNC) and medical

exclusions.  We do not bank unrelated UCB units where

volumes are below 40mls or UCB units containing <4x108

TNC. In 2005-06, low volumes and low TNC accounted

for 18.5% of units being unsuitable for transplantation. From

April 2008 to August 2008, the percentage of UCB units

excluded for low volumes and low TNC was approximately

the same at 20.5%, but exclusions for other reasons had

been reduced significantly. This was in part due to the

requirement by the HTA for pre-consent. Those units not

suitable for banking, if consented for research, were made

available for this purpose, and, if not, were  discarded.

Transplanted units, geographical distribution

and transplant  outcomes – By September 30th 2008,

the total number of units issued to 18 countries from the

NHS Cord Blood Bank had reached 226. There has been

a dramatic increase in cord blood units used for

transplantation from the NHS Cord Blood Bank in recent

years, with almost 50% of units transplanted having been

issued over the past 2.5 years, at a time when the numbers

of cord blood units banked had exceeded 8,000 (Fig 3).

Almost 50% of transplanted units have been issued to adult
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requirements of the UK Human Tissue Act (2004)26 and

the EU Directive for Tissues and Cells (2004/23/EC)27,28.

The  different aspects of the DCB service are described

below and this includes the quality of the units, practices

adopted, regulatory issues, and the outcome of the resulting

transplants. We also recommend best practice, to ensure a

system for DCB collection and storage, which is ethical,

robust, high quality and clinically responsive to patient

needs.

Eligibility for designated cord blood donation  –

NHSBT accepts a referral for a DCB collection if a) an

existing sibling can be treated by allogeneic transplantation,

b) an earlier birth from the same parents indicates an inherited

disorder that can result in a future infant needing an allogeneic

transplant, c) the sibling’s clinician and hospital are willing

to support financially the banking and d) the referring

clinician takes responsibility for medical review of the mother

and potential recipient and obtains informed, written consent,

ahead of the delivery. Referring clinicians are those

responsible for treating the sibling’s condition and so

specialised in the relevant disorder.

Informed  written  consent – Informed  written

consent is obtained  from the  donor  mother for  screening

of both the mother and cord blood for mandatory

microbiological markers, for tissue typing, and for storage

of samples and confidential information. Consent is taken

with reference to the UK Department of Health’s ‘Reference

guide to consent for examination or treatment’. An

information sheet is provided by NHSBT as an aid to those

undertaking consent. Consent is also obtained by the

NHSBT from the obstetrician for the delivery hospital to

help with the collection.

The  Human Tissue Authority’s requirements for

designated cord blood donations – The responsibility under

the HTA for procurement of directed cord blood donations

through the NHSBT is the joint responsibility of both the

transplant clinician and the NHSBT. The transplant clinician

requires a procurement licence for donor selection and

counselling and the NHSBT also requires an HTA license

for arranging the actual cord blood collection. A service

level agreement (SLA) between the clinician and the

NHSBT outlines the different responsibilities. Where the

NHSBT then arranges for the physical collection to take

place at other premises and/or to be carried out by non-

NHSBT staff the NHSBT has a third party agreement

(TPA) with the midwifery department. NHSBT is

responsible for ensuring the midwifery premises and any

non-NHSBT collection staff are suitable under the

requirements of the HTA regulations. The transplant clinician

and the NHSBT will also include arrangements for

processing, storage and distribution by the NHSBT in the

SLA where the NHSBT is licensed for and carries out these

activities on behalf of the clinician.

Mandatory screening – Samples from mothers are

tested in advance for HBsAg, anti-HCV, HIV 1 and 2,

syphilis and more recently HTLV I and II, HCV and HIV

by PCR, by the NHSBT. These same tests are required

for unrelated UCB units. Potential DCB collections are not

necessarily excluded on the basis of positive maternal

virology results, whereas unrelated UCB units that are

positive are  excluded.

Designated cord blood collection and transport

to NHSBT – DCB collections are organised and processed
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Fig  3 – Cumulative Numbers of Unrelated Cord  Blood

Units Transplanted from  the NHS Cord Blood Bank
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by four NHSBT centres located across England to limit

transit times. This means collections can be carried out in

the hospital selected by the mother for birth. Initially NHSBT

staff collect the DCB, but later, for logistical reasons,

midwives collected the DCB using detailed instructions

provided by NHSBT specialist staff. The instructions cover

both collection in utero and ex utero with additional advice

from the NHSBT provided by telephone when necessary.

NHSBT also offers training for midwives at the sites

collecting for the unrelated bank. NHSBT collection kits

are sent to a named individual in the delivery hospital in an

insulated box, validated for transport of the DCB at 2-8oC

using cool pack inserts. The kit includes a spare collection

pack (Macopharma, Twickenham, England) and alcohol

and iodine sterile swabs for cleaning the cord. A partially

completed label is sent along with line clips, a sealer and a

labelled bottle for a segment of the umbilical cord as a back-

up source of DNA for HLA typing. Where the mother’s

history indicates the fetus/infant is at risk of an inherited

disorder, the referring hospital liaise directly with the delivery

hospital to request neonatal samples for genetic testing. The

kit includes details of a courier able to deliver at short notice

and shipping records are maintained. The NHSBT centres

are staffed 24 hours a day and collections are stored at

4oC ahead of cryopreservation within 24 hours of

collection.

HLA- typing, including pre-implantation studies

– A blood sample from the potential recipient (and family

members if required) is requested for HLA-typing.

Alternatively, a copy of the HLA typing results is provided

by the referring hospital. HLA typing by the NBS for HLA-

A, B, Cw, DRB1 and DQB1 antigens is carried out by

polymerase chain reaction with sequence-specific primers

(PCR-SSP) as detailed previously38. Before 1997, some

HLA typing was done by serology. DNA was stored for

any confirmatory HLA typing required subsequently. Pre-

natal HLA typing from chorionic villus sampling is as

described39. Pre-implantation screening40 was more recently

introduced and is the responsibility of the referring clinician

and follows UK guidelines issued by the HFEA41.

Designated cord blood processing and storage –

If the DCB is badly clotted or of negligible volume the

laboratory head calls the referring clinician to discuss whether

to proceed. The default position however is to proceed,

with a final decision on storage being made when all results

are available. A unique 12-digit barcode number is used

for labelling, paperwork and files in addition to other details.

A bleedline sample is removed for total nucleated cell (TNC)

and CD34+ counts, cell viability and blood grouping. CD34

analysis is performed using a single platform lyse no-wash

flow cytometric protocol29,32,42 which incorporates

calibrated beads to quantitate CD34 cell concentration

directly and 7-actin-actinomycin (7AAD) to determine

viability.

Processing is carried out according to EU GMP

standards43 under grade A air quality conditions in a clean

room. A sample is taken prior to processing for tissue typing

and virology screening. Cryoprotectant solution is prepared

from DMSO and 10% (w/v) Dextran-40/saline or 4.5%

(w/v) Human Albumin Solution (HAS)29. An equal volume

of cooled 20% (v/v) DMSO solution is added to the cells

in a controlled manner. To maximise the cell dose stored

volume reduction is not carried out11. A small volume is

taken post-processing for bacteriological screening and to

prepare frozen reference samples before the cells are frozen

in cryocyte bags (Baxter Healthcare, Newbury, England).

DCB collections are processed individually to avoid

 

0% 25 % 50% 75 % 1 00%

B anked %

Issued %

40-9 9.9 10 0-159 .9 160-2 19.9

220 -279.9 28 0-339 .9 >340

Fig  4 – Percentage of UCB Units with TNC Counts

(x107) as  Grouped for Unrelated UCB Units Banked

versus Those Issued for Transplantation
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inadvertent mixing of bags or samples. A contiguous line

sample is left attached to the frozen bags for future

confirmatory HLA typing, although this practice has varied

in the past. The collections are frozen double-wrapped using

a controlled rate freezer and then transferred to liquid

nitrogen based storage tanks, maintained at less than -150oC

and continuously monitored11,29. DCB units from mothers

known to be positive for microbiology markers or awaiting

results are stored in quarantine tanks. Reference samples

are cryopreserved with the DCB unit and stored in the same

tank11.

Reporting to the referring clinicians – A preliminary

report is sent indicating volume, cell counts and any adverse

events with a further report sent once all test results are

available. Where HLA typing of the potential recipient and

family members is done by the NHSBT, the report includes

information on the degree of match. NHSBT

histocompatibility staff are available to discuss the HLA

typing with the referring hospital’s histocompatibility

laboratory or transplant medical Consultant.

Storage  policy – The NHSBT advice on long term

storage of the DCB depends on HLA compatibility, the

potential recipient weight, disease progression, and the

likelihood and timing of using the DCB unit. Latterly, the

NHSBT policy has been to store units for patients with at

least one haplotype match and cell counts greater than 0.3

x 109 TNC. A written statement from the referring clinician

is requested to confirm whether or not long-term storage

was required. NHSBT costs  (on a not-for-profit basis)

are recovered from the referring hospital.

 Designated cord blood issue for transplantation

and transplant outcomes – All final decisions on

transplantation remain the responsibility of the transplant

unit. All requests to issue the DCB are confirmed in writing.

Frozen reference samples are thawed by the NBS for cell

viability, CFU testing, confirmatory HLA typing and short

tandem repeat (STR) analysis44 to confirm identity with the

sample that has been HLA typed at the time of banking.

Where the reference sample is not the unit bleed-line the

sample has been given the same unique barcode number as

the unit to avoid incorrect identification. The NHSBT has

shown that viability testing on reference samples from both

the bleedline and vials can be used to predict viability in the

whole units. CFU assays have been carried out latterly using a

methylcellulose based medium according to the manufacturer’s

instructions (Stem Cell Technologies, Vancouver, Canada)45.

DCB units are transported in temperature monitored dry shipper

containers at less than –150oC and were thawed by NHSBT

or hospital staff, with instructions provided by the NHSBT.

As for unrelated UCB transplants, requests are made for

information on adverse reactions, primary engraftment data,

and transplant outcome at the time of DCB unit issue and

additional information requested by telephone.

Breakdown of collections by patient disorder –

Over a thirteen year period, 412 collections were made,

with 80% for an existing sibling and 20% collected where

there was a family history of a serious inherited disease.

Diagnoses included 179 hematological malignancies, 115

hereditary anemias and 118 immune deficiencies or

metabolic disorders. A further 12 requests (3%) were

received for collections that were not successful, usually

due to a damaged cord/placenta at delivery. The requests

for banking has changed over time with a gradual shift from

hematological malignancies towards hereditary anemias and

immunodeficiencies11. Where collections were made from

infants who subsequently were found to have inherited the

same genetic mutation as the potential recipient they were

discarded or used for research.

Characteristics of designated cord blood

collections – The median volume minus anticoagulant

was 73 ml. The volume exceeded 40ml for 88% of the

collections. The median TNC count was 8.8 x108 (mean

9.9+5.5x108; range 1.0 to 31.0) and exceeded 4.0 x108

for 895 of the collections. Although mean in utero and

ex utero collection volumes and nucleated cell counts

differed  (a median volume of 75 ml and count of 9.5

x108 versus 67 ml and 7.8x108 respectively), this

difference was not statistically significant. The median

total CD34+ cell count per collection was 2.3 x106 (mean

3.2+3.4x106; range 0.13 to 26.67). The median TNC

viability prior to freezing for the 50% of collections where

this information was collected was 99.0% (mean
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98.2+3.7%) with only 4 less than 90% (73, 78, 84 and

84%).

Microbiology results – Three collections tested

positive for anti-HCV, but negative for HCV by PCR, with

maternal samples testing positive for HCV. At the request

of the referring clinician, these collections were not

discarded, but stored in a quarantine vessel pending HLA

typing results. Prior to 1999 7% of collections showed

evidence of bacterial contamination. After a change in

practice where an iodine swab was used in addition to

alcohol wipes, this decreased to 2.4%. The microbiology

laboratory indicated that contamination probably took place

at the time of collection and provided antibiotic sensitivities.

Where the contamination did not preclude use for

transplantation, with provision of suitable antibiotics, units

were retained in storage.

Transplant characteristics – Of the units collected

for existing siblings, 28% were a full 10:10 antigen match at

HLA A, B, Cw, DR and DQ loci. Of the matched units, 20

were issued for transplantation with all but 3 being used for

non-malignant disorders. Cord blood was stored on average

for 17 months before transplant. None of the units collected

from mothers with a family history of inherited disease were

transplanted; however the mothers may yet give birth to

affected children who are HLA matches. The median time

to neutrophil engraftment, where  records were available

was 18 days (mean 20+8; range 14 to 28) and for platelets

30 days (mean 30+12; range 11 to 59). Engraftment rates

did not correlate with TNC or CD34+ cell dose, although

numbers are small.

General Observations on the DCB Program and

Comparisons with the Unrelated UCB Program:

Since the amalgamation of regional services into a

National Blood Service in England, the DCB and unrelated

UCB procedures have followed a standard practice. The

DCB collections are now carried out by midwifery staff in

the hospital selected for delivery by the mother. The

midwifery departments were willing to help because the

collections were for high risk families rather than private

companies, a distinction made by the UK Royal College of

Midwives, the Royal College of Obstetricians and

Gynaecologists, the American Academy of Pediatrics and

the World Marrow Donor Association (WMDA)46-49. In

contrast, unrelated UCB units are collected by dedicated

scientiic staff.

We  believe our NHSBT infrastructure, with its

uniform standards and policies, is an important factor in the

success of both unrelated UCB and the DCB programs. It

provides the expertise, co-ordination and capacity to

respond to clinical needs throughout the country and is

supported by the extensive NHSBT quality systems. Over

a 13 year period, NHSBT has seen an increase in the

number of DCB referrals to over 60 per year as awareness

amongst clinicians and mothers increases. Despite

collections from over 60 hospitals, the vast majority o DCB

were suitable for transplantation based on TNC counts.

The proportion of unsuccessful DCB collection attempts

(3%) is in line with Figs for allogeneic UCB banks19,20.  The

median TNC and CD34+ cell counts are comparable to

those reported in a multi-centre DCB program in the

USA19,20. The CD34 counts compare very well with the

UCB banks that also use this as a measure of suitablity12,50.

A proportion of unrelated UCB banks including the NHS

Cord Blood Bank2,14,15 adopt a minimum volume of 40mls

and cell count of 4 x108 TNC, and these criteria were met

for 88% of the our DCB collections. It is worth noting that

6 DCB collections of less than 40ml had TNC counts over

4.0x108 cells. Of further interest, three of the units

transplanted had volumes of 14, 18 and 25 ml yielding TNC

counts of 3.5, 2.1 and 7.5 x108 with doses of 1.6, 0.84

and 4.2x107 TNC per kg respectively and all three engrafted

within 30 days. These results confirm our policy not to

automatically exclude units with less than 40ml and we agree

with Walters et al20 that this cut-off is not appropriate for

DCB banking because the collection has unique potential.

For Walters et al20, the choice not to process units less

than 20ml, represented a 4.4% loss of their DCB

collections, whereas we collected only 6 (2.2%) units of

less than 20ml. We conclude that collection of a restricted

numbers of units by a range of midwifery departments is a

viable option for DCB banking.

We  recommend that the decision to retain the DCB

is best made once the cell counts and HLA typing results

have been obtained. Other studies using unrelated UCB

units indicate that a single HLA antigen mismatch can be
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compensated for by higher cell doses and recommend that

only HLA-A, -B, -DR matched units be used when cell

doses <2.5x107 TNC/kg are available12. However, even

for low volume DCB collections, there is the possibility of

using the DCB unit in conjunction with small volumes of

BM from the same donor once the child has reached

sufficient age for this to be an option17,19,21. There is also

the possibility of using donor lymphocytes to counter relapse

or infection post-transplantation12-14,51,52. Donor

lymphocytes were used successfully in this study to combat

a rejection episode following one transplant for thalassemia.

Those DCB collections that were less than 40 ml were

not associated with one hospital or NHSBT centre, but

were slightly more likely to have been collected ex utero

(57%). We and Wall et al53 reported little difference in the

volume of UCB units collected using either in utero or ex

vivo techniques, while others54  have observed higher CD34+

cell counts and lower rates of contamination with in utero

collections. However the safety of mother and child is

paramount and the UK Royal College of Obstetricians and

Gynaecologists47 has recently suggested all collections

should be made ex utero.

The  median TNC viability prior to cryopreservation

of DCB units was 99%, with only 4 lower than 90%. This

suggests that a validated means of transport with a reliable

courier is an effective way to avoid loss of viability in transit.

Wada et al55 have noted lower viabilities of UCB units with

increased transit times and lower volumes. However, there

was no clear reason (as noted by others56,57) to explain the

few low viabilities in our studies. We recommend using a

single platform CD34 assay that includes viability assessment

on fresh samples and combining this with the CFU assay

on frozen samples to measure cell numbers accurately and

determine viability of the CD34+ cell population.

UCB banks typically volume-reduce to 21 ml29-32

whereas we have not reduced the volume of DCB units.

The numbers of DCB units are relatively low and so the

benefit from not losing as many as 20% of cells through

volume reduction54 or even total loss during processing

becomes more important than the larger storage space

required. Improving umbilical cord cleaning by using alcohol

wipes followed by iodine swabs, dropped bacterial

contamination of DCB units to 2.4%, which compares very

well with other DCB programs19,20 (3.3%) and is probably

at a minimum58,59.  Bacterial contamination can be addressed

at the time of transplant with antibiotics, but units

contaminated with dangerous organisms are discarded.

Units from an HCV positive mother could be considered

where follow up testing of the donor child indicates there

was no vertical HCV transmission.

All  units are now typed at the time of collection using

PCR-SSP for HLA-A, -B, -Cw, -DRB1 and -DQB1 to

ensure the degree of match can be determined fully and so

best inform the decision to store the cord blood. NHSBT

Histocompatibility and Immunogenetics laboratories are all

accredited by the European Federation for Immunogenetics.

The NHSBT recommends high-resolution (allele) typing for

all potential transplant donors and recipients where any

uncertainty regarding HLA compatibility is identified. We

found that 28% of DCB collections for a sibling were an

HLA 10/10 match, in line with Mendelian segregation. An

identical matched sibling donor is preferred as the standard

of care to an unrelated donor as a clinical option in many

transplant settings, as indicated recently by the fourth EBMT

report on current practice for transplantation in Europe60.

Where stem cells from related and unrelated donors are

both listed as standard of care options an unrelated UCB

unit may be preferred to a related UCB unit in order to

provide a sufficient cell dose. As the practice of pre-

implantation HLA testing becomes more widely accepted,

it is likely that the proportion of related matched units and

transplants will increase61-63.

UCB collections that are not a full match may be used

successfully as shown for unrelated UCB transplants where

80% of transplants have 1 or 2 mismatches. Indeed, a limited

mismatch may be preferable for some malignancies bearing

in mind that cell doses of 3 to 5x107 TNC per kg have

been recommended for transplants with a 1 or 2 HLA

disparity12. Where there is a family history of an inherited

disorder the DCB collections are almost always stored for

potential future use. Most of the collections for non-malignant

disorders were for SCID and matched UCB units have

been successfully used for transplant in immunodeficiency

from both related and unrelated donors12,64. UCB units have

been transplanted after many years11,12,65, so long term

storage may be appropriate. Continued DCB storage
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should however be reviewed at least annually to ensure

units are not stored unnecessarily. A DCB unit with one

HLA haplotype match or less is unlikely to be used and so

storage of such a unit over the longer term is most likely not

required.

The final  decision to store DCB units or otherwise is

the responsibility of the referring clinician, but where this

ignores current acceptable practice for transplantation60 the

NHSBT may request that the unit is transferred to a private

bank. For non-identical DCB units, the decision should be

made with regard to the availability of better matched

unrelated UCB units of sufficient dose or BM/PBSC being

available from UCB banks and BM registries. The initial

search against HLA -A, -B and –DRB1 does not attract a

charge but a number of factors should be taken into account

when considering the potential availability of unrelated UCB

or BM2,11,12,14,30,66. First, the majority of potential unrelated

donors will be BM or PBSC donors and so the advantages

of UCB over these two will not be provided. Second, at

least 30% of identified registry donors will not be available67.

Third, the match will only be for HLA -A, -B and DRB1

and the DRB1 typing may have only been of low resolution

leading to a reduction in the number and degree of matches

once full high resolution allele level typing has been

performed. Fourth, the availability of an unrelated unit or

donor cannot be guaranteed if the transplant is likely to

take place some time later.  Fifth, an UCB unit may not

contain sufficient cells for the heavier prospective patient

but there is no opportunity to ‘top-up’ the cell dose with a

BM collection from the same donor.

In our analysis, twenty DCB collections had been

transplanted and all were matched for HLA -A, -B, -Cw, -

DRB1 and –DQB1 loci. This represents a 5% take-up rate

from all collections, a 5.5% transplant rate where a sibling

is alive and a 20% transplant rate for matched units. The

Figs compare very well with DCB programs in several

countries19,20. Although from low numbers, the Figs for

transplant engraftment compare very well with those

published for unrelated and related cord blood and BM

transplants for malignant and non-malignant

disorders12,13,15,68-71. Our results demonstrate that DCB

transplantation is as effective, as unrelated UCB

transplantation, albeit in the limited number of cases where

a DCB collection is possible.

We  are able to offer a cost effective national service

for DCB banking by using the NHSBT’s network of Stem

Cell and Immunotherapy laboratories that already have the

appropriate facilities, staff and equipment in place for

handling PBSC and BM. The costs for DCB

cryopreservation are therefore similar to those for PBSC.

The laboratories were first accredited by the UK Medicines

and Healthcare Products Regulatory Authority (MHRA)

and more latterly by JACIE (The Joint Accreditation

Committee for ISCT-Europe and EBMT) or FACT-

NETCORD. Our laboratories have recently also been given

licences by the UK Human Tissue Authority to operate under

the EU Directive for Tissues and Cells, which became

mandatory in April 2006.

Over recent years, large investments in cord blood

banking were announced by US Congress and

recommendations were published by the Institute of

Medicine on establishing a national cord blood bank

program in the USA12. The approach that we have taken

within the NHSBT encompasses many of these

recommendations and demonstrates that a national high

quality program can be maintained despite the logistical

difficulties of organising collections from many hospitals and

issuing units for transplantation to diversely situated

transplant units.

Cord Blood Units for Research:

UCB units collected from related or unrelated sources

described above but that are unsuitable for transplant and

which have consent and ethical permission for research and

development are used for this purpose. We also hold a

collection of approximately 300 frozen unrelated UCB

donations for research purposes resulting from a Leukaemia

Research Fund (LRF)-NBS collaboration. These units have

been tissue typed and are available for use for defined projects

through the LRF cellbank website72.  Additionally and as

private collections for one’s own use are not currently

recommended9,73, we have been collecting UCB units

specifically for research and development (CBRD) from the

John Radcliffe Hospital in Oxford, where the proportion of

causcasian donors is high, and ethnic minority groups are low,

and where we have informed written pre-consent and ethical

approval. The NHSBT sites for UCB collections and

storage for research are HTA licensed. In order to use UCB
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for research, units are annonymised and remain traceable
via an ISBT-128 barcode. Potential donors are informed
of the non-commercial nature of the research being carried
out and provided with adequate information to understand
the nature and purpose of the research prior to consenting.

Since  its inception in March 2004, the CBRD team
have collected over 1600 UCB donations from mothers
giving birth for this purpose. Collections are made ex utero

during normal working hours only by our own trained staff.
These UCB units for research are predominantly collected
from elective caesarean sections (72.8%) supplemented by
inductions (0.8%) and an increasing percentage of normal
births (initially 5.8% in 2004 rising to an overall average of
26.4%) (Fig 5). This increasing rate of UCB donations from
normal births corresponds to publicity for the UCB for the
research scheme aimed at expectant mothers.  Originally,

afterbirth. Caesarean sections are also advantageous due
to the lower frequency of damage to afterbirth tissues, which
must remain in good condition for collection of UCB
(described further below). The mean volume of UCB
collected minus anticoagulant has been 57 ±1ml with a mean
total nucleated cell count per UCB unit of 6.0±0.1×108

TNC/unit (Mean+SEM, n=1594).
Although over 1600 UCB collections have been made

at Oxford, more expectant mothers in Oxford consented
to UCB donation for research than the number of UCB
units eventually collected. This  is part due to the fact that
collection staff are not present 24/7. The following
requirements must be satisfied in order to make an UCB
collection for research purposes. The mother (aged e” 18
years) must have at least 24 hours to consider the option to
donate for research prior to birth and then give written
informed consent. This is usually obtained before the the
collection takes place but otherwise if this is not possible
verbal informed consent is obtained and documented prior
to the collection and written consent obtained after the
delivery and  cord blood collection but before the cord
blood leaves the unit and is used for any research. The
mother and child must not be affected by any excluding
medical conditions, e.g. premature birth, twins, abnormalities
of the placenta/cord requiring further investigation, infection
with MRSA, HIV, Hepatitis B, Hepatitis C or other infection.
The cord/placenta must be available to the CBRD team
quickly after delivery (within about 20 mins. of birth) and
during the working hours of the collection team. Many
inductions initiated during the day result in delivery of the
baby in the early hours of the morning, hence rarely fall in
the collection hours of our CBRD team. By far the most
common reason (58% of failed collections) for a failed
collection in our experience was poor condition of placental
tissue and/or umbilical cord following the delivery. If the
umbilical cord sustains damage or is torn (with <10 cm of
undamaged cord remaining), it is too short to safely insert a
needle and massage the blood from the placenta. If
placentas/cords do not reach the collection team reasonably
quickly following the delivery, the blood will clot and
become unusable or may leak from the placental tissue and
be unusable. In order to collect good quality UCB, the
placenta must be intact with little or no damage.
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Fig 5 – Cumulative numbers of UCB units collected in
Oxford for research

caesarean sections presented the best prospect for collecting
UCB as the option to donate could be offered to caesarean
patients one week prior to surgery and written informed
consent obtained prior to the section. Unlike normal births
and inductions, caesarean sections present a relatively
predictable timeframe for delivery and availability of the

NB: Figures show the total numbers and types of

delivery. Years refer to total UCB collections since

March 2004 based on British financial year (1 April -

31 March)
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The UCB unit undergoes post-collection virology
screening by NHSBT to protect the research staff unless
the mother does not consent to the testing. UCB units are
anonymised before distribution to researchers (identified
only by barcode, volume of blood and TNC/ml) but can
be tracked by trained staff not undertaking the research in
case of positive virology results or accidental exposure of
research staff through needle stick incidents..  Since its
inception, the CBRD team has operated with two full-time
(WTE) collection staff with one 0.1WTE supervisor. The
CBRD team inform and obtain consent from potential
donors, as well as collect the UCB units. To maximise the
efficiency of CBRD staff, various working time arrangements
have been considered or trialled and a cost-benefit analysis
was made based on birth rates at the John Radcliffe Hospital
and funding available. Given the costs of staffing, funding
constraints and the HTA and EU requirements for consent,
we have chosen a daytime collection arrangement that
encompasses 38% of births occurring at the John Radcliffe
Hospital and covers the scheduling of elective caesarean
sections.

UCB units collected were  initially funded for R&D
projects within NHSBT and for collaborative ventures, but
are now provided to other researchers. Projects or groups
benefitting from the UCB collected for research at NHSBT
are indicated below or by examples of publications from
these groups74-97. Projects supported include 1) the use of
UCB for the development of novel and improved cellular
therapies for patients with cancers and degenerative
diseases, 2) regulation of the expansion, engraftment,
cryopreservation and function of hematopoietic, endothelial
and mesenchymal stem cells from UCB, 3) studies on
leukemia in Down’s Syndrome patients, 4) studies on the
multipotency of  human UCB-derived stem cells, 5)
reprogramming of  UCB cells to multipotent progenitors,
and 6) developing humanised animal models of
hematopoiesis.
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Introduction:

Cell replacement therapies represent a major tool in
regenerative medicine, aiming at the restoration of the
architecture and function of damaged or non-functional
tissues. In this context, cells derived from fetuses could
provide an additional advantage as they have not previously
exposed to environmental noxes and posses a more
extended lifespan from cells derived from adult organisms.
Accordingly, fetal tissues are more vigorous than adult ones
and with a superior ability for tissue repair. In this vein, it is
well known that fetuses and adults follow different strategies
in tissue repair. In contrast to the adult-like healing,
characterized in several tissues, such as skin, by a scar
formation, fetuses from various species are able for a scar-
free tissue regeneration. Consequently, an in-depth
investigation of the mechanisms of fetal repair is needed,
aiming at improving the healing process in the adults (Martin
1997).

Differences in Wound Repair between Fetuses  and

Adults: Environmental or  Intrinsic?

Tissue injury activates a sequence of processes
leading to repair. These overlapping events can be
temporally categorized in the following phases: inflammation,
tissue formation and remodeling (Clark 1996). Immediately
after injury and vascular rupture blood coagulation process
is activated. In parallel, a provisional matrix, necessary for
the migration of cells into the wound area, is created. In this
phase the role of platelets is of utmost importance as they
aggregate and release several mediators of the healing

process, among them being a series of growth factors. These
factors attract in a chemotactic manner immune cells, such
as monocytes/macrophages, that are able to produce and
secrete growth factors and cytokines in the wound area.
Among the cells that migrate in the provisional matrix are
fibroblasts, major players in the healing process, as they
populate this area and produce the components of the
extracellular matrix (ECM), such as collagen, hyaluronic
acid and proteoglycans. Thus, provisional matrix is replaced
by a more permanent granulation tissue. Fibroblasts play
an additional role in this phase as they can be converted to
myofibroblasts, leading to wound contraction. In parallel,
other important parameters are re-epitheliazation (the
formation of a new epithelium covering the injured tissue)
and neo-vascularization (an increased angiogenesis in the
newly formed tissue). Several weeks later, tissue remodeling
is activated aiming at the restoration of the initial tissue. In
this phase, crucial is the balance between matrix
metalloptoteases (MMPs) and their inhibitors (tissue
inhibitors of metalloptoteases – TIMPs) (Darby et al. 2002).
In extended wounds or in pathological cases (as in keloids)
an imperfect healing is observed, characterized by non-
remodeled scar. Another case of imperfect healing is chronic
wounds featuring an intense and perpetuating inflammation.

In contrast to the above, as already mentioned,
fetuses are able to heal their wounds by a perfect tissue
regeneration, marked by the absence of scar formation.
This is determined by the size of the wound and the age of
the fetus (Cass et al. 1997), as this scar-free healing occurs
in the first two trimesters of gestation. Then a transition from

We  thankfully  acknowledge the  permission granted  by  Springer-Verlag, UK for reprinting of the invited  article

         –   Editor

214



scarless repair to adult-like scar formation is observed. In
humans this transition is after approx. 24 weeks of gestation
(Lorenz et al. 1992). Tissue repair in the fetus is achieved
in a sterile fluid environment with a relative lack of
inflammation (McCallion and Ferguson 1996). Accordingly,
it has been hypothesised that these alterations are
responsible for the differential repair process in fetuses and
adults. In this direction, it has been shown that incorporation
of bacteria in fetal wounds can lead to neovascularization
and fibroplasia, typical responses of adult-like healing.
However, a series of experimental data support the
importance of intrinsic differences between the fetal and
the adult tissue. Specifically, it has been shown that grafts
of human fetal skin when placed subcutaneously in adult
athymic nude mice healed their experimental wounds in the
absence of scar, while cutaneous grafts healed with scar
(Lorenz et al. 1992). In addition, the wounds in full-thickness
adult sheep skin transplanted onto the backs of early fetal
lambs healed with scar formation (Longaker et al. 1994).
Finally, important information stems from observations on
the opossum Monodelphis domesticus. Its embryos are
born at a very early developmental stage and with a poorly
developed immune system, and can still heal in a fetal mode,
characterized by rapid re-epithelialization, minimal
inflammatory and angiogenic responses and lack of fibrosis
(McCallion and Ferguson 1996). All the above collectively
indicate that although the environment can affect scar
formation, fetal skin healing properties are primarily intrinsic
to the fetal tissue.

The intrinsic ability of the fetal tissue for complete
tissue regeneration is most probably the reflection of the
unique features of its cells. Accordingly, the present chapter
will focus on the characteristics of fetal cells, and especially
fibroblasts, and in particular on their response to growth
factors, that represent an important determinant of tissue
homeostasis and repair.

Growth Factors:

As mentioned above, the initial sources of a battery
of growth factors triggering the wound healing process are
the serum of injured blood vessels containing the products
of the degranulating platelets; hence the first growth factors
present in the wound are PDGF, TGF- β, and EGF

(Barrientos et al. 2008). Furthermore, during the next phases
of wound healing many other growth factors and cytokines
are produced locally from various cell types, most important
being FGFs, IGFs, and VEGFs. A brief description of these
growth factor families follows.

PDGFs:

Platelet-Derived Growth Factor (PDGF) appears as
a family of dimeric disulfide-bound isoforms with a molecular
weight of approximately 30 kDa, originally isolated from
human platelets (Antoniades et al. 1975). Traditionally, the
homodimers PDGF-AA, and PDGF-BB, and the
heterodimer PDGF-AB – the most common isoform in
human platelets – were the only known PDGF ligands
(Heldin and Westermark 1999); more recently, however,
two new members of the PDGF family were identified:
PDGF-CC and PDGF-DD (Heldin et al. 2002). The A
and B polypeptide chains are synthesized as precursor
molecules that undergo proteolytic processing before their
cell-secretion; the mature A and B chains contain
approximately 100 amino acid residues and they have
approximately 60% amino acid sequence identity
(Fredriksson et al. 2004). The PDGF-C and PDGF-D
ligands, on the other hand, are activated after their secretion
by cleavage of their amino-terminal domains (Bergsten et
al. 2001, LaRochelle et al. 2001, Li et al. 2000). PDGFs
act on target cells through activation of two structurally
related protein tyrosine-kinase receptors, α and β, with
molecular weights of approximately 170 kDa and 180 kDa,
respectively (Heldin and Westermark 1999). Binding of
PDGFs to their receptors causes homo- or hetero-
dimerization and cross-phosphorylation on specific tyrosine
residues, thus triggering signaling cascades including among
others the PLC γ, the PI 3-K/Akt, and the Ras/Raf/MEK/
ERK pathways (Levitzki 2004).

These pathways are transducing a variety of biological
effects of PDGFs, cell proliferation being the most
prominent of them, as PDGF is a most potent mitogen for
cells of mesenchymal origin (Bonner 2004, Tallquist and
Kazlauskas 2004). Other effects encompass cell survival,
actin cytoskeleton rearrangements, and chemotaxis,
stimulation of ECM-molecules’ production, as well as,
secretion of ECM-degrading enzymes, and induction of
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collagen matrix contraction (Heldin and Westermark 1999).
Hence, PDGFs are implicated in the early phases of wound
healing by attracting various cell types in the wound area
and promoting their proliferation, during ECM deposition
and remodeling, as well as, during the phase of contraction
(Barrientos et al. 2008).

TGF- βββββs:

The Transforming Growth Factor-β (TGF-β)
superfamily of cytokines are encoded by 42 open reading
frames in human, 9 in fly, and 6 in worm, and can be
classified to two subfamilies, the TGF-β / Activin/Nodal
subfamily and the BMP (bone morphogenetic protein)/GDF
(growth and differentiation factor)/MIS (Muellerian
inhibiting substance) subfamily, based on sequence
similarities and the specific signaling pathways activated (Shi
and Massague 2003). Most of them encode dimeric,
secreted polypeptides regulating cell proliferation,
differentiation, adhesion, migration and death, in a
developmental context-dependent and cell type-specific
manner (Moustakas and Heldin 2009). Among these
members the ones participating in mammalian wound closure
are TGF-β1,  -β2, and  -β3, activin, and BMP-2, -4, -6,
and -7 (Werner and Grose 2003). All TGF-β ligands act
on cells through binding to type I and type II receptors that
form heterotetrameric complexes in the presence of the
dimeric ligand (Moustakas and Heldin 2009), and are
featuring a cytoplasmic kinase domain that has strong serine/
threonine kinase activity and weaker tyrosine kinase activity,
which classifies them as being dual specificity kinases.
Downstream signaling of all TGF-β- superfamily members
is mainly effected by members of the Smad family: the
receptor-activated Smads or R-Smads (SMAD2 and
SMAD3 for the TGF-β subfamily and SMAD1, SMAD5,
and SMAD8 for the BMP subfamily, see above) are
phosphorylated by type I receptor, and associate with the
common-mediator Smad or Co-Smad, i.e. SMAD4; this
complex is transferred to the nucleus to regulate gene
transcription, while the inhibitory Smads or I-Smads
(SMAD6 and SMAD7) negatively regulate signaling
strength and duration (Moustakas and Heldin 2009).
Besides this so-called “canonical” pathway of Smad
proteins (Kardassis et al. 2009), TGF-β-superfamily-
members’ signaling can also involve one or more of the

mitogen-activated protein kinases (MAPKs) ERK, Jun N-
terminal kinase (JNK), p38, PI 3-K kinases, PP2A
phosphatases and Rho family members (Derynck and Zhang
2003).

TGF- β is the prototype of the multifunctional growth
factor (Mauviel 2005). It inhibits the proliferation of epithelial
and endothelial cells, while for fibroblastic cells it can be
either inhibitory or stimulatory (Massague 1990). The
members of the TGF-β-suprefamily are considered as the
main regulators of ECM synthesis and degradation through
the coordinated regulation of complex gene-sets
(Horstmeyer et al. 2005, Schiller et al. 2004). TGF-β,
furthermore, regulates migration, and collagen gel
contraction, and exhibits immunosuppressant activities, thus
playing central role in all phases of wound repair, from
inflammation and granulation tissue formation to re-
epithelialization, and matrix formation and remodeling
(Barrientos et al. 2008, Hebda 1988, Massague 1990,
Werner and Grose 2003).

One of the target-genes of TGF-β is Connective
Tissue Growth Factor (CTGF), a cysteine-rich heparin-
binding mitogenic peptide, which is selectively induced by
TGF- β in cells of mesenchymal origin (Frazier et al. 1996,
Leask and Abraham 2004), and it further regulates fibroblast
growth and ECM production (Ihn 2002). On the other
hand, in epithelial cells CTGF seems to be induced by
TGF- β through the Ras/MEK/ERK pathway (Secker et
al. 2008). Hence, in the wound repair process CTGF is
involved in granulation tissue formation, re-epithelialization,
and matrix formation and remodeling (Barrientos et al.
2008).

EGF Family:

The ever-growing epidermal growth factor (EGF)
family of mitogens comprises several members, including
EGF, transforming growth factor- α (TGF-β), heparin-
binding EGF (HB-EGF), amphiregulin, epiregulin,
betacellulin, epigen, as well as proteins encoded by Vaccinia
virus and other poxviruses (Nanney and King 1996, Werner
and Grose 2003). In addition, more distantly related proteins
known as neuregulins (heregulins, neu differentiation factors,
NDF 1–4) can also bind to some EGF receptor family
members (Werner and Grose 2003). All these growth
factors exert their functions by binding to four different high-
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affinity receptors with tyrosine kinase activity, EGFR/ErbB1,
HER2/ErbB2, HER3/ErbB3, and HER4/ErbB4, which
upon ligand binding form homo- or hetero-dimers and
undergo autophosphorylation. Substrates involved in the
downstream transduction of the signal include the Ras/Raf/
MEK/ERK axis, G-proteins, and the Jak/Stat pathway,
among others (Nanney and King 1996).

EGF family members promote the proliferation of
most cell types in the wound area, such as keratinocytes,
fibroblasts, macrophages, and vascular endothelial cells
(Schultz et al. 1991). Furthermore, they regulate
keratinocyte differentiation, as well as, the migration of
fibroblasts and endothelial cells. Hence, EGF family
members play important role during the wound healing
process, mainly through promotion of the re-epithelialization
and neovascularization processes (Barrientos et al. 2008,
Hebda 1988, Schultz et al. 1991).

FGFs:

The Fibroblast Growth Factor (FGF) family
comprises 23 members up to now with defining features
their strong affinity for heparin and heparan-like
glycosaminoglycans, as well as, a central core of 140 amino
acids exhibiting high homology throughout all family
members (Powers et al. 2000). Among them, the three most
important molecules involved in the wound repair process
are FGF-2 or basic FGF (bFGF), FGF-7 or keratinocyte
growth factor-1 (KGF-1), and FGF-10 keratinocyte growth
factor-2 (KGF-2) (Barrientos et al. 2008). FGFs mediate
their cellular responses by binding to and activating a family
of four receptor tyrosine kinases (RTKs) designated the
high affinity FGF-receptors (FGFR1 to FGFR4) – the low
affinity ones being heparin and heparan sulfate
proteoglycans, which do not transmit a signal but play
accessory and regulatory roles (Eswarakumar et al. 2005).
The diversity of FGFRs is further expanded due to the
expression of numerous splice variants of each gene (Powers
et al. 2000). The main downstream effectors of FGFR
signaling include the Ras/Raf/MEK/ERK pathway, the  PLC
γ/DAG/PKC pathway, as well as, the PI 3-K/Akt axis
(Eswarakumar et al. 2005).

bFGF is mitogenic for fibroblastic cells (Okada-Ban
et al. 2000), and it regulates the growth and function of

vascular cells such as endothelial and smooth muscle cells
(Nugent and Iozzo 2000). Furthermore, bFGF regulates
the turnover of various ECM molecules (Berdiaki et al.
2009), while FGF-7 and -10 are both mitogenic for
keratinocytes (Powers et al. 2000). Hence, FGFs during
the wound repair process are implicated in granulation tissue
formation, in re-epithelialization, as well as, in matrix
formation and remodeling, and in angiogenesis (Barrientos
et al. 2008).

IGFs:

The Insulin-like Growth Factor (IGF) family
comprises IGF-I and –II, two polypeptides of 70 kDa and
67 kDa, respectively, that share 62% homology with
proinsulin (Baserga et al. 1997). However, the IGF family
in the broad sense includes three ligands (IGF-I, -II, and
insulin), six IGF binding proteins (IGFBPs), and three
receptors: the type I insulin-like growth factor receptor
(IGF-IR), the insulin receptor (IR) and the IGF-II/ mannose
6-phosphate receptor (IGF-IIR); hybrid IGF-IR and IR
have also been reported to interact with IGF (Ryan and
Goss 2008). Responsible for most of  IGFs’ actions  is
mainly IGF-IR, which upon ligand binding  on its
extracellular α subunits undergoes conformational changes
leading to activation of the intracellular tyrosine kinase
domains  of the  β subunits and autophosphorylation (Jones
and Clemmons 1995). Downstream signaling proceeds
through the direct phosphorylation of the insulin receptor
substrates IRS-1 to -4 and Shc and subsequently the PI 3-
K/Akt/mTOR and the Ras/Raf/MEK/ERK axes (Ryan and
Goss 2008).

IGFs exert proliferative and survival effects on an
astonishing variety of target cell types, and they furthermore
can affect differentiation, ECM-regulation, chemotaxis,
secretion of hormones, neurotransmitters and other growth
factors, as well as the uptake of amino acids and glucose
(Jones and Clemmons 1995). They often operate as local
mediators of the actions of hormones or other growth
factors (Jones and Clemmons 1995). IGFs can act in
autocrine or paracrine manner (Barreca et al. 1992), hence
they affect the re-epithelialization of the wound; generally,
lower levels of IGFs are observed in various cases of
impaired wound healing (Werner and Grose 2003), while,
on the other hand, their over-expression seems to lead to
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hypertrophic scars due to increased collagen deposition
(Ghahary et al. 1995).

VEGFs:

The Vascular Endothelial Growth Factor (VEGF)
family currently includes VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, and placenta growth factor (PLGF)
(Werner and Grose 2003). These dimeric molecules are
distant relatives of PDGF, since their monomers share a
cysteine knot motif comprising an 8-residue ring formed by
3 disulphide bridges (Heldin and Westermark 1999,
Zachary 1998). The variety of VEGF family increases
further due to alternative splicing of the above genes. They
bind to heparin, and, with high affinity, to three different
transmembrane tyrosine kinase receptors, designated
VEGFR-1 (or Flt-1), VEGFR-2 (or KDR), and VEGFR-
3 (Werner and Grose 2003). VEGF receptors, like the
ones of PDGF or EGF, upon ligand binding undergo
dimerization and autophosphorylation and then transmit their
signal through activation of the MAPK cascade, PLCγ,
PKC, as well as, FAK and paxillin (Zachary 1998).

The biological functions of VEGFs are mainly focusing
on the regulation of vasculogenesis and angiogenesis during
development (Gale and Yancopoulos 1999), while they play
important role in wound angiogenesis (Eming et al. 2004)
and granulation tissue formation (Barrientos et al. 2008,
Werner and Grose 2003).

Fibroblasts’ Responses to Growth Factors:

Normally, fibroblasts – central players of the repair
process – express the respective receptors and are capable
of responding to members of the PDGF, the TGF-β, the
EGF, the FGF and the IGF families (Bonner 2004, Buckley-
Sturrock et al. 1989, Jones and Clemmons 1995, Okada-
Ban et al. 2000). Furthermore, fibroblasts have been shown
to express and produce PDGF (Rojas-Valencia et al.
1995), TGF-β (Pratsinis et al. 1997, Zeng et al. 1996),
EGF (Kurobe et al. 1985), FGF (Artuc et al. 2002,
Lonergan et al. 2003), IGF (Ankrapp and Bevan 1993,
Barreca et al. 1992), and VEGF (Coppe et al. 2006).
Consequently, various attempts to delineate the mechanisms
underlying the intrinsic ability of the fetal tissue for complete

tissue regeneration are focusing on the differential expression
of these growth factors and/or their receptors between fetal
and adult cells. Through a series of studies examining
spatiotemporal aspects of growth factor-expression in the
wound, it appears that bFGF and especially TGF-β levels
are reduced in fetal wounds; perhaps more importantly
TGF-β1 mRNA and protein are only transiently expressed
in mouse embryo wounds, and these differences could be
attributed to the various cell-types present, such as to the
macrophages, but also mesenchymal cells (Martin et al.
1993, Nath et al. 1994, Whitby and Ferguson 1991). In a
preliminary report TGFβ1,2,3, a/bFGF, KGF, PDGF-
AA,-AB,-BB mRNA expression in fetal and adult human
skin fibroblasts was tested; the main finding was that fetal
and adult fibroblasts express acidic and basic FGF, and
TGFβ1, however adult fibroblasts show twice the relative
expression of these growth factors compared with fetal
fibroblasts, which is thought to contribute to suboptimal
wound healing in adult wounds compared with the scarless
healing of fetal wounds (Broker et al. 1999). On the other
hand, the same team reported reverse results at the level of
the protein, i.e. higher levels of TGFβ1, aFGF, and bFGF
expression in fetal fibroblasts (Lee et al. 2000), attributing
this contradiction mainly to technical issues, and/or
differences in mRNA translation and degradation. The latter
observations were reinforced by the finding that TGF-β1
protein levels in serum-free conditioned medium from
human fetal fibroblast cultures were higher than in those
from adult cells as assessed by an ELISA (Hanasono et al.
2003). Another study, using fetal rat skin fibroblast cultures
derived from various gestational ages – i.e. before and after
the transition from the scarless repair to the scar-forming
healing – found no differences in the EGF- and the PDGF-
B-gene expression, although they observed a decrease in
the expression of both genes when they used mRNA
extracted from whole skin at the same gestational stages
(Peled et al. 2001). On the other hand, in a similar approach
using primary mouse skin fibroblast cultures, it was observed
that fetal cells express lower basal CTGF mRNA levels
than adult ones, although the induction of this gene by
TGF-β was much more intense in fetal than in adult
fibroblasts (Colwell et al. 2006). Furthermore, the same
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team has shown that murine fetal skin fibroblasts express
higher levels of the TGF-β3-isoform than adult ones, while
no differences were observed in the expression of
TGF-β1 and -β2, and of both TGF-β-receptor types I
and II (Colwell et al. 2007), a very important observation
given the anti-scarring properties of TGF-β3. In contrast,
regarding human skin fibroblasts, no differences in the gene
expression levels of all three TGF-β-isoforms were
observed between fetal and adult cells by using quantitative
real-time PCR (Rolfe et al. 2007).

Fibroblast Proliferation:

PDGF is considered as a potent mitogen for cells of
mesenchymal origin and from relatively early reports it has
been shown to stimulate the proliferation of both fetal and
adult human skin fibroblasts (Betsholtz and Westermark
1984). Moreover, it has been shown that the intensity of
PDGF-induced proliferative response is comparable in both
fetal and adult cells (Pratsinis et al. 2004). Similar
observations have been obtained with fetal and adult
fibroblasts from different tissues, such as lung (Clark et al.
1993). EGF is also mitogenic for human skin fibroblasts
from both developmental stages (Betsholtz and Westermark
1984), with comparable potency, which is,  however, less
than that of PDGF (our unpublished data). Results obtained
from cultures of fetal and adult prostatic fibroblasts suggest
that this response to EGF could be independent of the tissue
of origin (Levine et al. 1992). Similarly, FGF-2 is mitogenic
for human skin fibroblasts originating from both fetal and
adult donors, with potency higher than that of EGF but lower
than that of PDGF (our unpublished observations). On the
other hand, regarding IGFs, it was reported that human
fetal skin fibroblasts exhibit a weaker mitogenic response
to both IGF-I and -II than postnatal ones, although they
express comparable levels of IGF-IR, and that fetal cells –
in contrast to postnatal ones – failed to phosphorylate ERK
I (p44) and Shc (p46) in response to IGF-I and to IGF-II,
respectively  (Rolfe et al. 2007).

As mentioned above, TGF-β is the prototype of the
multifunctional growth factor (Tian and Schiemann 2009),
a fact apparent also at the level of cell proliferation regulation,
as exemplified by the early observations that this factor can

either inhibit or stimulate proliferation depending on the
cellular context (Holley et al. 1985). With regard to human
skin fibroblast proliferation, it has been reported initially
that TGF- β1 does not stimulate DNA synthesis in neonatal
fibroblasts, and it inhibits the mitogenic activity of PDGF in
a density-dependent fashion (Paulsson et al. 1988). In
contrast, several other studies reported a mitogenic action
of TGF-β in confluent cultures of newborn and adult skin
fibroblasts (Ishikawa et al. 1990, Soma and Grotendorst
1989, Yamakage et al. 1992), while in a more recent study
a weak mitogenic response to this growth factor was
described for both fetal and postnatal cells (Rolfe et al.
2007). However, through a direct systematic comparison
of different cell strains cultured under identical conditions,
a clear-cut difference between fetal and adult human skin
fibroblasts in their proliferative response to TGF-β was
observed, i.e. this growth factor is inhibitory for fetal cells,
while it is stimulatory for adult ones (Pratsinis et al. 2004).
This was observed for all three isoforms TGF-β1, -β2,
and-β3, and, since neonatal fibroblasts were found to
respond similarly to adult ones (Pratsinis et al. 2004), it
seems that this change is coinciding with the transition from
scarless repair to scar-forming healing. Regarding the
mechanisms underlying these responses, it was shown that
the inhibition of human fetal skin fibroblast-proliferation by
TGF-β is mediated through the activation of PKA and the
subsequent induction of the cyclin-dependent kinase
inhibitors p21WAF1 and p15INK4B (Giannouli and Kletsas
2006). In human adult skin fibroblasts, TGF-β does not
activate PKA, but induces an autocrine loop involving the
up-regulation of extracellular bFGF, and through FGFR1
activation of the MEK/ERK pathway, thus leading to cell
proliferation (Giannouli and Kletsas 2006).

Fibroblast Migration:

Migration of various cell types in the wound area is
an important parameter in the early healing process, as they
support many functions leading to the formation of the new
tissue. Especially fibroblasts play a central role, as their
migration leads to the repopulation of the tissue.
Furthermore, these cells are the main producers of the
extracellular matrix components that are necessary for the
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formation of the granulation tissue. Considerable differences
exist between fetal and adult fibroblasts, as the former
display an increased migratory activity. The observed
changes are both due to intrinsic features, as well as due to
a different response to exogenous growth factors.

It has been reported that fetal fibroblasts migrate to
a greater extent into 3D collagen gel matrices, compared
to adult fibroblasts (Schor et al. 1985). In addition, it has
been observed that fetal cells can migrate irrespective of
cell density, while adult fibroblasts migrate easier when are
plated on collagen matrix at low density, compared to
confluent cultures (Schor et al. 1985). The differences
mentioned above may be directly linked to the abundance
of hyaluronic acid, as high levels of this extracellular matrix
component enhance the migratory activity of cells, while
treatment with hyaluronidase blocks completely cell
migration (Schor et al. 1989, Schor et al. 1988). Fetal
fibroblasts seem to have more receptors for hyaluronic acid
than adult cells (Alaish et al. 1994). Furthermore, they also
secrete a soluble factor (Migration Stimulation Factor-
MSF), which stimulates cell migration through novel
hyaluronic acid synthesis (Schor et al. 1988). Consequently,
it seems that the differences in migratory activity between
fetal and adult fibroblasts are partly due to the differential
secretion and response to hyaluronic acid. Moreover, fetal
skin fibroblasts can migrate in the presence of serum-
depleted medium, while adult fibroblasts require the
presence of serum for migration (Kondo and Yonezawa
1995). It has been shown that this autonomous migration
on plastic surfaces of fetal cells may be linked to the secretion
of bFGF, as in the presence of an anti-bFGF antibody the
migratory activity was inhibited (Kondo et al. 1993).

Exogenous growth factors regulate the migration of
fetal and adult fibroblasts in a differential manner.
Interestingly, their action depends largely on the presence
of extracellular matrix components, as well as on culture
density. Specifically, PDGF stimulates the migration of both
fetal and adult human fibroblast on plastic surfaces, while
when plated on three-dimentional collagen gels it stimulates
only adult fibroblasts and has no effect on fetal cells (Ellis et
al. 1997). Similarly, EGF stimulates the  migration of  adult,
but not fetal, fibroblasts on 3D collagen gels (Ellis et al.

1997). On the other hand, as mentioned above, bFGF is
important for the autonomous migration of fetal fibroblasts,
as an anti-bFGF antibody inhibits their migratory activity
(Kondo et al. 1993). However, exogenously added bFGF
cannot reinforce their migration (Kondo et al. 1993),
while stimulating the migration of adult fibroblasts (Ellis et
al. 1997). As these cells also secrete this growth factor, it
seems that probably a different threshold of bFGF
concentration is needed for cell migration in these two
developmental stages. Finally, the action of TGF-β is
substratum-, density-, and isoform-dependent. On plastic
surfaces, TGF-β1 stimulates the migration of both fetal and
adult fibroblasts, most probably via the secretion of
hyaluronic acid (Ellis and Schor 1996). On collagen gels
TGF-β1 inhibits fetal cell-migration when cultures are
confluent, while having no effect on subconfluent ones; in
contrast, in adult fibroblasts it is inhibitory in subconfluent
cultures but not in confluent ones. Interestingly, TGF-β2
exerts the same action with the  TGF-β1 isoform (Ellis and
Schor 1998). On the other hand, TGF-β3 inhibits migration
in subconfluent cultures in cells from both developmental
stages. However, in confluency it is inhibitory for fetal
fibroblasts and stimulatory for adult ones (Ellis and Schor
1998). All the above strongly indicate that the migration of
fetal and adult cells depends largely on intrinsic features, as
well as on a complex network of exogenous growth factors,
extracellular matrix components and cell-cell interactions.

Extracellular Matrix Synthesis and Remodeling:

As mentioned above, the most obvious difference
between fetal and adult skin wounds is the healing with scar
formation in the latter. As scar is a tissue rich in collagen,
especially type I, but with a less organized pattern, synthesis
and remodeling of collagen is important for the maintenance
of homeostasis and the proper tissue repair in these two
developmental stages. Fetal skin has an increased type III/
type I collagen ratio, compared to the adult. Interestingly,
this change is reflected at the cellular level, as fetal fibroblasts
produce higher levels of type III collagen (Gosiewska et al.
2001, Merkel et al. 1988). In addition, fetal fibroblasts
express increased activity of prolyl hydroxylase, the enzyme
for a rate-limiting step in collagen production (Duncan et
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al. 1992). Finally, collagen synthesis by fibroblasts in vivo
follows different kinetics between fetuses and adults. While
in the former it starts immediately after wound formation, in
the adults a delayed collagen synthesis is observed (Hantash
et al. 2008).

In accordance with the above, fetal fibroblasts secrete
increased quantities of latent TGF-β, a major stimulant of
collagen synthesis and accumulation (Gosiewska et al. 2001,
Narayanan et al. 1989). Consequently, adult cells seem to
be more responsive to TGF-β (our unpublished data). In
line with the increased expression of type I collagen in the
adult skin, it has been shown in mouse fibroblasts that mid-
gestational cells showed decreased expression of
procollagen a1a in response to TGF-β1. In cells from late-
gestational stages procollagen 1a1 production is increased,
while that of procollagen type III is decreased (Carter et
al. 2009). Other growth factors also display differential
effects on fetal versus adult fibroblast. In particular, it has
been shown that adult cells are stimulated for collagen
production by IGF-I, in contrast to fetal fibroblasts. On the
other hand, IGF-II increases significantly collagen synthesis
by fetal cells but had no effect on collagen synthesis by
adult ones (Rolfe et al. 2007).

One  major difference between fetal and adult skin is
that the former contains more hyaluronic acid (HA), a
negatively charged, nonsulfated grycosaminoglycan
(Buchanan et al. 2009, Mast et al. 1991). This change
probably gives unique structural and functional features in
the fetal tissue, such as increased fibroblast migration in the
wounded area, as a relation between high HA synthesis
and increased migratory activity in fetal fibroblasts has been
proposed (Chen et al. 1989). In addition, fetal fibroblasts
express more HA receptors than adult fibroblasts (Alaish
et al. 1994). Concerning wound formation, an increased
deposition of HA in fetal tissues compared to adult ones
was observed 6 days after wounding (DePalma et al. 1989).

Differences between fetal and adult fibroblasts in
hyaluronic acid production are also directed by cell density.
It has been shown that fetal fibroblasts produced high level
of HA in subconfluent and confluent cultures, while the
production by adult fibroblasts is decreased significantly
when cells reached confluence (Chen et al. 1989). Fetal

and adult fibroblasts respond also differently to exogenous
factors towards HA synthesis. TGF-β1 induces HA
synthesis for both cell types in confluent cultures, while in
subconfluent ones it inhibits adult but not fetal cells (Ellis
and Schor 1996). In addition, TNF-a regulates differentially
the three enzymes synthesizing HA; in fetal cells it increases
HAS-1 mRNA levels, while in adult fibroblasts only HAS-
3 gene expression is upregulated (Kennedy et al. 2000).

Extracellular matrix degrading enzymes play a
significant role in all phases of tissue repair and especially in
tissue remodeling. Prominent among them are matrix
metalloproteases, a large family of zinc-dependent
endopeptidases, which are secreted in latent forms and
activated by limited proteolysis (Birkedal-Hansen et al.
1993, Gill and Parks 2008) Their action is also regulated
by their specific inhibitors TIMPs (tissue inhibitors of
metalloproteases) (Baker et al. 2002, Gill and Parks 2008).
In addition, their production is influenced by their
environment; for example fibroblasts grown in 3-D collagen
gels secrete much higher levels of MMPs (Zervolea et al.
2000). In non-wounded human and mouse tissues it was
found that the expression of several MMPs and TIMPs
increases from early to late gestational stages and even more
in adult tissues (Chen et al. 2007, Dang et al. 2003).
However, it was hypothesized that the lower TIMP
expression may be crucial for scarless repair, facilitating
the turnover of extracellular matrix components, as well as
other important functions of tissue formation, such as cell
migration (Chen et al. 2007, Dang et al. 2003). In human
fibroblasts it has been shown that fetal cells secrete much
higher levels of activated MMP-9, while these of MMP-2
remain essentially similar (Cullen et al. 1997). In the same
study, a differential effect of two of the major growth factors
released in the wound area (i.e. TGF-β and PDGF) on the
expression of these MMPs was reported. TGF-β induces
the secretion of MMP-2 and MMP-9 only in fetal and not
in adult cells. On the other hand, PDGF reduces MMP-2
secretion in fetal cells, while it stimulates MMP-9 secretion
in both cell types (Cullen et al. 1997).

Contraction:
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healing and it is mediated by fibroblasts that transdifferentiate
into myofibroblasts, characterized by an increased
expression of α-smooth muscle actin, a contractile
cytoskeletal protein (Gabbiani et al. 1978).  On the other
hand, one of the unique features of fetal skin healing is the
absence of contracture. In order to understand if these
differences are intrinsic to the fetal tissue, in vitro studies
have been performed by several laboratories by using as a
model the ability of cells from both developmental stages
to contract cell-populated 3-D gels of polymerized collagen,
the latter being the major extracellular matrix component in
dermis (Grinnell 2003). It has been shown that indeed human
fetal fibroblasts have a much lower contractile capacity,
compared to adult cells (Moulin and Plamondon 2002).
The data have also been supported by studies on cells from
other species, such as mice or lamb. In both species it has
been found that skin fibroblasts from early gestational stages
display a lower ability to contract collagen gels, compared
to cells from late gestational stages or from adult animals
(Coleman et al. 1998, Piscatelli et al. 1994).

TGF-β is considered an important regulator of
contraction, as it provokes the differentiation of fibroblasts
to myofibroblasts by enhancing α-smooth muscle actin
(Desmouliere et al. 1993). In murine skin fibroblasts the
differences in the contractile ability between early fetal cells
and late fetal and adult cells is linked to the secretion of
total and active TGF-β (Coleman et al. 1998). However,
it has been reported that TGF-β, while it stimulates the
contraction in adult human skin fibroblasts, it is inhibitory in
fetal cells, being unable to increase α-smooth muscle actin
expression (Moulin et al. 2001). On the other hand, other
investigators have shown that TGF-β is able to induce
collagen gel contraction by fetal cells [(Piscatelli et al. 1994);
our unpublished observations]. Similarly to TGF-β, PDGF
is also secreted in the wound area by degranulated platelets,
somatic and immune cells, and it is able to potently stimulate
the contraction in adult skin fibroblasts (Clark et al. 1989,
Tingstrom et al. 1992). We have found that PDGF, when
used in high concentrations, can also enhance the contractile
capacity of both fetal and adult cells (our unpublished
observations), indicating that it is not only the intrinsic features
of fibroblasts but also the local concentrations of circulating

repair in these two developmental stages.
Collectively, it seems that fetal fibroblasts possess

unique features that may affect significantly the speed and
quality of tissue repair, in agreement with the results from
previous xenographic studies. They also show quantitatively
and/or qualititatively different responses to several growth
factors present in the wound area. So, the effect of a
complex network of autocrine and exogenous growth
factors on fetal cells and in a dynamic interaction with the
continuously changing extracellular matrix direct scarless
fetal regeneration. More detailed understanding of the fine
mechanisms regulating these interactions may lead to future
therapeutic interventions towards the improvement of the
quality of wound repair in the adults.
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Open Tibial Diaphyseal Fracture Managed with Ilizarov External Fixator
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Abstract:

The modalities of treatment of diaphyseal fracture of tibia and its prognosis are mainly determined by the

fracture morphology and degree of comminution, fracture location, initial displacement of fragments. In the present

study an attempt has been made to evaluate the role of Ilizarov external fixator for the primary management of open

tibial diaphyseal fractures in adults. This prospective study was conducted in a tertiary care medical college of

eastern region of India on 14 subjects in a time span of three years after taking clearance of the institutional ethics

committee and informed consent of the patients. Patient within age group 18-60 years with Gustillo & Anderson

grade III A and grade III B open tibial diaphyseal fracture was included in the study. At the time of initial presentation

Gustillo type III B and III A were encountered in 9 patients (64.28% of cases) and 5 patients (35.72% of cases)

respectively. According to AO classification of fracture, 8 patients (57.14%) had type C fracture while 6 patients

(42.86%) had type B fracture. Eight patients (57.14%) had been operated between 11 and 15 days, whereas 4

patients (28.56%) were operated earlier between 6 and 10 days. The Ilizarov fixator was kept for an average period

of 278 days. Union could be achieved in all patients. The most common complication was stiffness of knee and ankle

joint seen in 8 patients (57.14%), superficial pin tract infection also occurred in 6 patients (42.86%). Ilizarov e

xternal fixator is a versatile apparaturs to provide primary definitive fixation for open diaphyseal tibial fractures. Early

weight bearing even in severely comminuted fractures is the key factor that separates it from other methods of

fixation. It promotes early functional recovery, eliminating fracture disease. Being a definitive method of fixation, it

excludes the need of second definitive fixation as in cases of conventional external fixator.
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Introduction:

As urbanisation and industrialisation are increasing

progressively the incidence of high energy trauma is also

catching up the speed. Tibial diaphyseal fractures are

showing an increasing trend due to road traffic accidents

and industrial accidents1,2. The situation is much more

alarming in developing countries where the industrial safety

norms and traffic rules are vehemently ignored.

Tibial diaphyseal fracture is the most common long

bone fracture. The subcutaneous location of the

anteromedial surface of the tibia increases its vulnerability

to trauma. Further the blood supply to the tibia is more

precarious especially in the lower third where there is tenous

soft tissue coverage. As a consequence severe bone and

soft tissue injury is not infrequent, and there is a high

incidence of open fractures compared with other long

bones. In fact diaphyseal fracture of tibia has the highest

ratio of open versus close fracture. The presence of hinge

joint at both knee and ankle permits no rotatory adjustment

in tibial fracture1-3.

The modalities of treatment of diaphyseal fracture of

tibia and its prognosis are mainly determined by the fracture

morphology and  degree of comminution, fracture location,

initial displacement of fragments, open fracture with soft

tissue compromise, presence of infection, bone loss,

compartment syndrome, etc1-4.

Locked intramedullary nailing (reamed) currently is

considered the treatment of choice for closed tibial shaft

fractures and is especially useful for segmental and bilateral

tibial fractures and also for most type I, type II, and type

IIIA open tibial diaphyseal fracture. Intramedullary nailing

preserves the soft-tissue sleeve around the fracture site and

allows early motion of the adjacent joints1-8. The ability to

lock the nails proximally and distally provides control of

length, alignment, and rotation in unstable fractures and

permits stabilisation of fractures located below the tibial

tubercle or 3 to 4 cm proximal to the ankle joint1,2.

With the advent of intramedullary nails, the domain

of plate fixation is only confined to diaphyseal fracture with

metaphyseal (peri-articular) comminution where nailing is

precluded. The greatest disadvantage of plating is that it

requires soft-tissue stripping, which can invite wound

complications, infection, delayed union and non-union. In

an effort to decrease the frequency of delayed union, non-

union, and infection after tibial shaft fractures,

“percutaneous” plating was developed to obtain stable

fixation, while preserving the fracture environment, though

it is is technically challenging, and that malalignment is more

frequent than with other methods of fixation6-8.

The rational management of open tibial diaphyseal

fracture still remains an enigma. High energy trauma adds

further complexities like severe soft tissue injury, extensive

comminution with or without extension into metaphysis,

bone loss which are not adequately addressed by

conventional modalities of internal and external fixation1-3.

Ilizarov external fixator is a versatile apparatus which

has created a new horizon in management of complex open

tibial diaphyseal fracture. The unique feature which makes

Ilizarov external fixator quintessential in management of

complex fracture with bone loss is “distraction osteogenesis”

by subperiosteal metaphyseal corticotomy followed by

gradual rhythmic distraction and bone transport1-3.

In the present study an attempt has been made to

evaluate the role of Ilizarov external fixator  for the primary

management of open tibial diaphyseal fractures in adults.

Materials and Methods:

This prospective study was conducted in a tertiary

care medical college of eastern region of India on 14 subjects

in a time span of three years after taking clearance of the

institutional ethics committee and informed consent of the

patients.

Inclusion criteria: Patient within age group 18-60

years with Gustillo & Anderson grade IIIA and grade III B

open tibial diaphyseal fracture was included in the study.

Exclusion criteria: Patients with Gustillo grade I and

grade II (low energy) and grade IIIC open fracture with

severe developing injury requiring flap coverage and medical

comorbidities were excluded. Subjects with pathological

fracture, with head injuries and its residual morbidity and

neurovascular injuries were not included. Patients who had

other major injuries in the ipsilateral lower limb were also

OPEN TIBIAL DIAPHYSEAL FRACTURE    – SANYAL    ET AL   229



excluded.

After primary advance trauma life support (ATLS)

survey and resuscitation, thorough evaluation of the fracture

was done with special emphasis on wound size, degree of

contamination, degree of comminution and bone loss (if any),

neurovascular deficit (if any). The open fractures were

managed according to the standard protocol. The wound

was copiously irrigated with normal saline ( 3 l for type I, 6

l for type II and 9 l for type IIIB), and thorough debridement

of all devitalised bone and soft tissue were done under

anaesthesia as well as deep culture swab was obtained and

sent for Gram-stain with culture sensitivity test. Empirical

antibiotic treatment was initiated in the emergency room

with 3rd generation cephalosporins given intravenously for

all open fractures and additional gentamicin for grade III

open fractures. In fractures with gross contamination

intravenous metronidazole was added. Tension free primary

closure using interrupted non-absorbable sutures was done

wherever feasible followed by splintage of the limb in long

leg slab. The antibiotics were given for at least 5 days for

type III wounds. Regular dressing of wound was done. If

required repeat debridement of wound was usually done

between 48 and 72 hours.

Careful history was recorded followed by clinical

examination. Pre-operative x-ray (Fig 1) and relevant

investigations were done followed by preanaesthetic check-

up.

Operative procedure: Patient was positioned supine

in operation table. Following anaesthesia, antiseptic draping

of the affected limb was done with strict aseptic precautions.

Autoclaved preassembled frames were used. The number

of rings were decided pre-operatively based on the fracture

site, morphology and need for corticotomy (if required). In

most of the cases 4 ring constructs were used. The frame

was free between the internal part of the ring and the soft

tissues circumferentially over the bulkiest part of leg. The

limb should lie in the centre of the construct. The proximal

and distal most rings were kept parallel to knee and ankle

joint line respectively. Bayonet tip wires and trocar tip wires

(1.8 mm diameter) were used for dense cortical bone and

cancellous bone respectively. Olive wires were used for

fracture reduction. The proximal ring was placed at the level

of the head of the fibula and parallel to the knee joint. The

first wire was inserted from posterolateral to anteromedial

Fig 1 – Straight X-ray Showing Pre-operative Open
Tibial Diaphyseal Fracture

going through the fibular head. A second wire was inserted

as perpendicularly as possible to the first one from anterior

to posteromedial. With the help of dynamometric tensioner,

appropriate tensioning was done. Distal ring was placed at

the level of the proximal end of the syndesmosis. The first

K-wire was inserted from posterolateral to anteromedial

through the fibula. A second wire was inserted as

perpendicularly as possible to the first one from anterolateral

to posteromedial. Tensioning was done as before.

Therafter, based on the fracture location full rings

were fixed in between the proximal and the distal most rings

keeping the level of anatomical cuts in mind. No wire was

passed through the fibula in these rings.Tensioning was done

in all wires. Schanz pins if required were fixed with the posts

attached to the ring. First, a stab incision was given and

then drilling was done .

Wound management: Primary closure of wounds was
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done wherever possible after debridement (if necessary).

Split thickness skin graft was also given in two cases.

Postoperative evaluation and care: Distal

neurovascular status was checked and documented. The

wire-skin surface was protected with a piece of gauze

soaked in povidone-iodine. Limb was kept elevated.

Rehabilitation protocol: On the 1st postoperative day,

knee and ankle mobilisation was initiated within the limits

of pain. All patients were made to stand with support after

24 hours and partial weight bearing commenced within 48

hours progressing to full weight bearing within the limits of

pain. Patients were instructed to do active/passive ankle

dorsiflexion to prevent equinus deformity. Regular pin track

dressing was done with povidone-iodine solution and

mupirocin ointment.

Patient was gradually made to ambulate using walker

or bilateral axillary crutches. The patients were discharged

after being taught pin site care (cleaning at least twice a day

with povidone-iodine solution). 

Follow-up: Patients were followed-up at regular

interval (4-6 weeks), checking for frame stability, pin site

condition, wound condition, knee and ankle range of motion

and limb length discrepancy. Radiological and clinical

assessment of union was done. Physiotherapy was continued

throughout the period.

Removal of apparatus: When the patient was able to

walk without pain and x-rays revealed union the frame was

dynamised. The patient was allowed to mobilise and asked

to attend in 3-4 weeks.

If there was no discomfort with weight bearing, the

apparatus was removed. While removing, the tension of all

the wires were released, then the wires were cut, the rings

were separated after removing the connecting rods and rings

removed one by one. Then the limb was kept in PTB cast

or moulded leg brace for another 4 weeks and weight

bearing was allowed. All the patients are in regular follow-

up in OPD in this short term study and the results were

evaluated on the basis of Johner & Wruh’s criteria.

Results:

included in the study satisfying the inclusion criteria. Age of

the patients varied from 19 years to 42 years. Mean age

was 28 years. Maximum incidence (57%) was in the age

group 21-30 years. Sex distribution of patients (12 males

and 2 females) showed male predominance (86%). Right

leg was more commonly involved (71.4%) than left (28.6%).

The study showed motor vehicle accident as the

predominant cause. Twelve patients (85.72%) had motor

vehicle accident while only 2 patients (14.28%) suffered

physical assault. At the time of initial presentation Gustillo

types III B and III A were encountered in 9 patients

(64.28%) and 5 patients (35.72%) respectively. According

to AO classification of fracture, 8 patients (57.14%) had

type C fracture while 6 (42.86%) had type B fractures.

Mean value of International Statistical Index (ISI) was

11.5 days. Eight patients (57.14%) had been operated

between 11 and 15 days whereas 4 patients (28.56%) were

operated earlier between 6 and 10 days. Surgery was

delayed to 16-20 days in only 2 patients (14.28%).The

Ilizarov fixator was kept for an average period of 278 days,

the range being 221-341 days. Most patients (43%) had

the fixator for 301-330 days. The mean duration of follow-

up was 13 months ranging from 8-19 months.

 Union was achieved in all patients (Fig 2). The most

common complication was stiffness of knee and ankle joint

seen in 8 patients (57.14%), superficial pin tract infection

also occurred in 6 patients (42.86%). Pin loosening was

also observed in 2 patients. Limb length discrepancy of >1

cm was noted in only 2 patients (14.28%). Only 2 patients

(14.28%) had angular deformity (varus >7o).

Discussion:

A total of 14 patients were included in the present

study satisfying the inclusion criteria. According to AO

classification of fracture, majority of patients ie, 8 cases

(57.14%) had  type C fracture,  6 patients (42.86%) had

type B fracture. The mean healing time was 8.6 months.

The Ilizarov fixator was kept for an average period of 278

days, the range being 221-341 days. The prolongation of

healing time as well as duration of fixator may be attributable

to complex of fracture with comminution as well as delay inDuring the study period, total 14 patients were
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surgery. The mean duration of follow-up was 14 months

ranging from 9-19 months. The duration of follow-up is

definitely shorter in comparison to other studies because of

days in 14.28% cases.

Mohamed and Youssef1 between October 2007 and

October 2011, treated 30 consecutive patients with severe

bicondylar fractures of the tibial plateau by the Ilizarov

fixator. Ten (33.3%) of the fractures were open. There were

10 Schatzker type V and 20 type VI fractures; 20 (66.6%)

were comminuted. All the fractures united within mean

duration of 14.4 weeks. The femoral fixator could be

removed within mean period of 6 weeks (range, 4 to 7

weeks) and the tibial fixator was retained for a mean of 13

weeks (range, 12 to 20 weeks). Full weight-bearing was

allowed at a mean of 14.4 weeks (range, 12 to 24 weeks).

On the basis of the clinical criteria, outcome in ten cases

were excellent, ten good, five fair, and five poor. All patients

were operated on within the first 48 hours of injury in the

above study, while we treated patients with non-union, that

were initially managed with other operative interventions.

Ilizarov circular fixation allows both early movement

and weight-bearing. The value of early movement has been

well established, but early loading of fractures of the tibial

plateau has generally been avoided because of resulting in

depression of the articular surface or a valgus deformity1-3.

Early weight-bearing, however, stimulates bone healing and

allows retention of muscular strength1-3. All these findings

have been demonstrated in the present study.

Limitations:

There are several limitations of this study. The sample

size was too small due to infrastructural constraints as well

as financial limitations of the study population. The duration

of follow-up was too short to conclude on final outcome.

The study could not evaluate the results of coticotomy with

bone lengthening as none of the patients in the study

population had significant bone loss (>4cm). This procedure

may not be suitable for severe degloving injury requiring

flap coverage.

Conclusions:

This short term study deduced that Ilizarov external

fixator is a versatile apparatus to provide primary definitive

fixation for open diaphyseal tibial fractures of tibia. Early

Fig 2 – Straight X-ray Showing Union following Implant
Removal

stipulated time frame. Union was achieved in all patients.

Limb length discrepancy of >1 cm was noted in only 2

patients (14.28%) which did not need any surgical

intervention. By far the commonest complication was

stiffness of knee and ankle joint seen in 8 patients (57.14%)

which gradually improved with physiotherapy. Superficial

pin tract infection also occurred in 6 patients (42.86%) which

resolved with daily dressing of pin tract by povidone-iodine

solution and mupirocin ointment and systemic oral

antimicrobials. Only 2 patients (14.28%) had angular

deformity (varus >7o). There was no incidence of non-union,

neurovascular injury, equinus deformity, refracture. Based

on Johner &Wruhs criteria, the final  result was excellent in

6 patients (42.86%), good in 6 patients (42.86%) and fair

in only 2 patients (14.28%); 57.14% had been operated

between 11 and 15 days, 28.56% were operated earlier

between 6 and 10 days. Surgery was delayed to 16-20
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weight bearing even in severely comminuted fractures is

the key factor that separates it from other methods of

fixation. It promotes early functional recovery, eliminating

fracture disease. Being a definitive method of fixation it

excludes the need of second definitive fixation as in cases

of conventional external fixator. Dynamisation and correction

of deformities in any plane is easily accomplished. Frame

constructs also allow provision for wound to be covered

by skin grafting. Therefore it lends the much-needed

flexibility in tackling the complexities associated with

complex fractures.
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Evidence-based Management of Diabetic Macular Oedema: Clinical

and Public Health Implications
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Abstract :

Diabetic macular oedema  (DME) is one of the major causes of vision loss in diabetes patients. Not all cases

of diabetic macular oedema  require treatment. Laser photocoagulation was the treatment of choice in clinically

significant macular oedema  since the 1990s. Although laser prevents vision loss, gain in vision is uncommon. This

generated need for newer mono or adjunctive therapies for diabetic macular oedema. Better understanding of

pathogenesis and availability of improved imaging techniques helped scientists conduct studies and offer alternate/

adjunctive treatment options. Evidence-based treatment options led to a paradigm shift in the management of diabetic

macular oedema . Role of various anti-vascular endothelial growth factors agents and corticosteroids with or without

laser have been studied. Based on current evidence anti-vascular endothelial growth factors therapy is recommended

for patients with centre-involved diabetic macular oedema  which can improve vision significantly. However alongside

the actual procedure of the injection itself, it needs regular follow-up that adds a huge burden to most healthcare

systems. The economic burden, for both patients and the society, is also a major concern. Until we have a longer-

acting safe treatment for diabetic macular oedema, combination therapy utilising currently available pharmacotherapies

with macular laser appears to be a practical and sustainable approach.

Key words: Diabetic macular oedema, anti-vascular endothelial growth factors, ranibizumab, bevacizumab, aflibercept,

corticosteroids, laser.

Comorbidities of diabetes can severely affect a

person’s quality of life. Worldwide, 93 million people have

diabetic retinopathy (DR), including 21 million with diabetic

macular oedema  (DME)1. DME is one of the major causes

of vision loss in diabetes patients. This is manifested by

retinal thickening in the posterior pole due to increased

retinal vascular permeability2. Without treatment, one-third

of patients may develop moderate vision loss3. As vision

loss due to DME occurs during the prime wage earning

years, it has major impacts on the quality of life of patients

with DME4.  DME can develop at any stage of  DR. Though

chronically elevated blood glucose level is the primary factor,

the  pathogenesis is multifactorial and not fully understood.

Over time, poor glycaemic control damages the vascular
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tissue, in particular the endothelial cells and the pericytes

resulting in vascular dysfunction, inflammation, and hypoxia.

Upregulation of vascular endothelial growth factors (VEGF)

is caused by hypoxia. VEGF-A, especially the VEGF-165

isoform has emerged as an important factor in the

pathogenesis of DME5. Increased VEGF level in retinal

tissue can lead to formation of new vessels, increased

vascular permeability and accumulation of fluid.

Systemic management of hyperglycaemia,

hypertension, and dyslipidaemia remains the most important

and effective strategy for preventing the development and

progression of diabetic retinopathy. Tight blood glucose and

blood pressure control have been shown to slow the onset

and progression of DR. Tight control of blood glucose can

slow the onset and progression of DR in type I diabetes6.

Intensive control of blood glucose and blood pressure delay

the progression of DR in patients with type II diabetes7,8.

DCCT observed significant association between occurrence

of clinically significant macular oedema  (CSME) with LDL

level as well as with total cholesterol- HDL ratio9. Lipid

lowering agents may decrease the risk of vision loss in

patients with DR. Long-term fenofibrate in FIELD study

demonstrated beneficial effects in terms of the requirement

for first laser and development of DME10. Fenofibrate

therapy resulted in a significant reduction in the progression

of retinopathy in ACCORD Eye study also. However

significant treatment effect for macular oedema  was lacking

which may be due to the presence of mild oedema  at

baseline in these patients11.

Not all cases of DME require treatment. The Early

Treatment of Diabetic Retinopathy Study (ETDRS)

established the criteria for determining whether a patient

has CSME needing treatment. Laser photocoagulation was

the treatment of choice in CSME since the 1990s, when

the landmark ETDRS found that focal photocoagulation

reduced risk of moderate visual loss in DME patients3.

Following recommendation of ETDRS, focal laser treatment

has been the standard of care for DME for almost last 25

years. The goal of macular laser photocoagulation  for DME

is to limit vascular leakage through a series of focal laser

burns at leaking micro-aneurysms or grid laser burns in

regions of diffuse breakdown of the blood-retinal barrier.

The primary goal for most patients with DME receiving

laser therapy is to preserve any useful vision. Reversal of

vision loss or a gain in vision is uncommon with laser. In

addition, laser therapy is associated with significant ocular

side-effects due to its inherent destructive nature to the

retina. Some patients show less than ideal response to laser

and continue to lose vision. In many eyes with DME, laser

is not possible when micro-aneurysms are situated very

close to fovea.

This generated need for newer mono or adjunctive

therapies for DME. Better understanding of pathogenesis

and availability of improved imaging techniques like optical

coherence tomography (OCT) which can quantitatively

assess DME, helped scientists conduct studies and offer

alternate / adjunctive treatment options. Evidence-based

treatment options led to a paradigm shift in the management

of DME.

Ocular anti-VEGF therapy represents one of the most

significant advances in management of DME. The

introduction and widespread use of ocular anti-VEGF

therapy for age-related macular degeneration heralded a

new era in the treatment of vascular and exudative diseases

of the retina. Its expanding indications now include DME,

proliferative diabetic retinopathy and retinal vein occlusion.

In recent years, there has been a surge of clinical trials

investigating the use of anti-VEGF therapy for DME. These

trials provide robust evidence that intra-ocular administration

of anti- VEGF agents is better than laser therapy both in

preserving and in improving vision for patients with DME.

Ranibizumab is a humanised monoclonal antibody

fragment that binds to all VEGF A isoforms.

Does ranibizumab work in DME? Answer to this

question came from RESOLVE phase II study, RISE phase

III study and RIDE phase III study which demonstrated

superiority of ranibizumab treatment in improving vision over

placebo controls.

In a 12-month randomised study (RESOLVE)

patients received monthly intravitreal ranibizumab or sham.

At month 12, mean visual acuity significantly improved

(10.3±9.1 letters) from baseline with ranibizumab, while it
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declined by 1.4±14.2 letters with sham12.

Study of ranibizumab injection in subjects with CSME

with centre  involvement secondary to diabetes mellitus was

done in two randomised phase 3 clinical trials, RISE and

RIDE. Patients were randomised  equally (1 eye per patient)

to monthly ranibizumab or sham injection. At 24-month,

gain in  >15 letters was achieved significantly more in

ranibizumab-treated patients (45.7% in RIDE and 39.2%

in RISE) compared to sham patients (12.3% in RIDE and

18.1% in RISE)13.

The RISE and RIDE studies were continued in the

third year with an option for switch to ranibizumab in

previously sham treated patients. The gain in visual acuity

and reduction in central foveal thickness achieved with

ranibizumab at month 24 were sustained through month 36.

Delayed treatment with ranibizumab in patients initially

receiving sham treatment did not seem to result in visual

acuity improvement to the same extent of that achieved in

patients originally randomised  to ranibizumab14.

Ranibizumab or laser or a combination of both? After

it was known that ranibizumab improves visual acuity in

DME, two natural questions follow. Firstly whether this is

better than laser, the established gold standard for the

treatment of CSME? Secondly whether this can offer any

advantage when used as an adjunct to laser?

The Ranibizumab for Eedema  of the Macula in

Diabetes (READ-2) study, a prospective, randomised

clinical trial compared ranibizumab (group1), laser (group

2) and a combination of ranibizumab and laser (group 3).The

mean improvement in visual acuity was 7.4, 0.5, and 3.8

letters in group 1, 2 and 3 respectively at the 6-month

primary end point.

Starting at month 6, all subjects could be treated with

ranibizumab. After month 6, most patients in all groups were

treated only with ranibizumab.The mean improvement in

visual acuity was 7.7, 5.1, and 6.8 letters in group 1, 2 and

3 respectively at month 24. The study concluded that

intravitreal ranibizumab when combined with focal or grid

laser treatments, reduced the frequency of injections needed

to control oedema  over 2-year period15.

Three years follow-up of these patients had also been

reported. Ranibizumab monotherapy group demonstrated

continued significant improvement in visual acuity in third

year also, while other two groups did not show improvement

over 24-month achievement. However the mean number

of injections was greater, although not significant, in the

ranibizumab group (5.4) compared with the ranibizumab

+laser group (3.3, p=0.11)16.

The RESTORE study assessed long-term efficacy

of ranibizumab in DME. At year one, patients were

randomised to ranibizumab monotherapy, ranibizumab +

laser, and laser monotherapy. Ranibizumab was given for 3

months then pro re nata (PRN) based on the need of the

patient as determined by specified criteria during monthly

follow-up; laser was given at baseline then PRN (patients

were followed up monthly). Both ranibizumab monotherapy

and ranibizumab combined with laser provided superior

visual acuity gain over laser monotherapy at month 1217.

The 3-year follow-up of these patients was done. In

patients treated with ranibizumab in the core phase, mean

gain in visual acuity at one year was maintained at year 3.

In patients treated with laser alone in the core phase, visual

acuity progressively improved from month 12 to month 36

with ranibizumab treatment. This indicates that substantial

visual gains are possible even with delayed ranibizumab

treatment. Importantly mean number of ranibizumab

injections declined over time with a mean of < 3 injections

received by each group in the 3rd year18.

A meta-analysis of 7 randomised trials comparing

ranibizumab with laser therapy found ranibizumab

monotherapy to provide better visual outcome than laser19.

Ranibizumab if Combined with Laser, When to Do

Laser?

DRCR.net study compared intravitreal ranibizumab

with prompt or deferred laser (laser after 24 weeks of

injection) to IVTA with laser or laser only (with sham

injection).  At 24 months, mean change in visual acuity was

significantly greater in both the ranibizumab+ prompt laser

and  ranibizumab + deferred laser groups compared to the

IVTA+ laser or laser only groups20.

Three-year results of the DRCR concluded that laser
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at the initiation of intravitreal ranibizumab was no better,

and possibly worse, than deferring laser treatment for 24

weeks or more21.

Five-year results of DRCR suggest that laser at the

initiation of intravitreal ranibizumab was no better than

deferring laser treatment for 24 weeks. Vision gain obtained

by the first year was maintained through 5 years with little

additional treatment after 3 years in the study group. Over

5 years, 56% of participants  in the deferred group did not

require further laser. The median number of injections was

13 versus 17 in the prompt and deferred group

respectively22.

Is  Ranibizumab Safe?

Safety and efficacy of ranibizumab in DME involving

the foveal centre was studied in a randomised phase 2 study

(RESOLVE). There was no difference in the rates of ocular

and  non-ocular serious adverse events (SAEs) or adverse

events (AEs) between the ranibizumab and sham arms.

Most of the SAEs were non-ocular in origin. There was

one occurrence of myocardial  infarction with ranibizumab

that was suspected to be related to the study drug. The

incidence of hypertension and thrombo-embolic events, was

comparable between two groups23.

DRCR.net reported 3cases on endophthalmitis and

one case of progression of tractional retinal detachment

following ranibizumab24.

The most common ocular side-effects in clinical trials

were conjunctival haemorrhage, eye pain, vitreous floaters,

increased intra-ocular pressure, and intra-ocular

inflammation25.

DRCR.net investigators had recently reported the

cumulative probability of sustained intra-ocular pressure

elevation or of initiation or augmentation of ocular

hypotensive therapy, after repeated ranibizumab injections

over 3 years to be 9.5% for those who received ranibizumab

plus prompt or deferred laser and 3.4% for the participants

who received laser only (hazard ratio, 2.9; p = 0.01)26.

Bevacizumab, a full-length anti-VEGF antibody, was

originally formulated for intravenous administration in the

treatment of colon cancer. However, because of its reduced

cost and postulated similar effects as ranibizumab it has

been studied in multiple clinical trials.

Short-term  efficacy of intravitreal bevacizumab was

tested in DRCR.net. The study demonstrated that

bevacizumab could reduce DME in some eyes. However

the study was not designed to determine treatment benefit27.

A recent report28 of  DRCR.net has demonstrated

that visual acuity improved by  9.7 and 11.8 letters in two

groups of patients treated with bevacizumab in DME.

Another trial, the two-year BOLT study, supported

the use of intravitreal bevacizumab in CSME. Eighty patients

were randomised to receive either bevacizumab or laser

therapy. The bevacizumab group gained a median of eight

ETDRS letters over 12 months, compared with a loss of

0.5 letters in the laser group29.

These studies demonstrate a role for off label

bevacizumab in DME, and its reduced cost compared to

ranibizumab makes it more appealing.

VEGF trap-eye (aflibercept) acts as a decoy receptor

to trap the VEGF. It is designed to degrade more slowly in

the eye. As a result, it may have a longer duration of action

and reduce the frequency of intravitreal injection. In addition,

VEGF Trap blocks not only the actions of VEGF  but also

the actions of placental growth factors, which are not

blocked by the other anti- VEGF medications.

The daVinci study is a randomised, double-masked,

multicentre, phase 2 clinical trial that compared aflibercept

with laser photocoagulation in eyes with DME. It observed

significant gains in visual acuity at week 24 which were

maintained or improved at week 5230.

In the recently published report of DRCR.net on

relative efficacy and safety, aflibercept was more effective

in improving vision compared to ranibizumab and

bevacizumabat worse levels of initial visual acuity (<6/15).

All three drugs produced comparable improvements in visual

acuity for patients with a visual acuity >6/12. However

ranibizumab was injected at a dose of 0.3 mg in this study

while ranibizumab is recommended at a dose of 0.5 mg in

clinical practice28.

Corticosteroid has been demonstrated to inhibit the

expression of both VEGF gene and other anti-inflammatory
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mediators31.  Triamcinolone, fluocinolone and

dexamethasone are the main steroids that have been studied

for the treatment of macular oedema.

Triamcinolone or Laser or a Combination?

The Diabetic Retinopathy Clinical Research

Network (DRCR. net) was a multicentric randomised

clinical trial that compared intravitreal triamcinolone

acetonide (IVTA) as a monotherapy with focal/grid

photocoagulation for the treatment of DME. Visual acuity

outcome was better with laser than IVTA. IVTA had its

maximum effect on visual acuity improvement at 3 months,

and this benefit was lost at 6 months, requiring frequent

injections. A 3-year follow-up did not indicate a long-term

benefit of IVTA relative to laser. Most eyes receiving 4 mg

triamcinolone in this study were likely to require cataract

surgery. IVTA, injected intravitreal as a bolus, increases

the risk of intra-ocular pressure elevation (and subsequent

glaucoma) and cataract formation32. Interestingly, in the

subset of pseudophakic eyes in DRCR.net, visual acuity

improvement in the IVTA + prompt laser group was

comparable to that in the ranibizumab groups20. This

suggests that formation of cataract following IVTA was the

probable reason for non-improvement of visual acuity in

the IVTA group. In a cost effectiveness study, first-line

treatment with triamcinolone was found to be the most cost-

effective option for pseudophakic patients33.

In order to reduce the risk of cataract and IOP

elevation, intravitreal steroid delivery systems that can release

a small amount of steroid over a sustained period of time

have been developed.

Dexamethasone intravitreal implant is one such

sustained-release formulation of corticosteroid that is

injected intravitreal. In a randomised phase III Ozurdex

MEAD Study patients were randomised to treatment with

DEX implant or sham procedure and followed for 3 years.

The percentage of patients with >15-letter improvement in

BCVA from baseline at study end was greater with DEX

implant than sham. However cataract in phakic eyes

occurred in as high as 67.9% in the DEX implant group.

Three patients experienced intra-ocular pressure rise that

was not controlled with medication and needed

trabeculectomy34.

In the FAME trial, fluocinolone acetonide vitreous

inserts was studied in subjects with centre-involving DME

who had at least one prior failed macular laser. Patients

with DME of more than three years duration gained a greater

benefit than those with DME of less than three years of

duration. However cataract progression was significant

among steroid-treated patients35.

Surgical management like pars plana vitrectomy has a

role to improve vision and reduce macular oedema  in

patients with vitreomacular traction.

Public Health Implications:

Despite improvements in diabetes care, the

prevalence of diabetic retinopathy will continue to rise, due

to population growth and ageing demographics worldwide.

Based on current evidence anti-VEGF therapy is

recommended for patients with centre-involved DME. In

2012, the US FDA approved ranibizumab for the treatment

of DME. Bevacizumab has not yet been approved for DME

and its use is also off-label. Most recently, in March 2015,

aflibercept was approved by the US FDA for DME. Thus,

the demand for eye care service will greatly increase as

anti-VEGF therapy is being adopted as the standard

treatment for DME. A 3-dose monthly (Restore) or 6-dose

monthly (DRCR.net) injections followed by PRN approach

can improve/maintain vision with fewer injections than

monthly dosing. However, it requires continued monthly

monitoring with OCT. Alongside the actual procedure of

the injection itself, the need for regular follow-up adds further

burden to the healthcare systems. To reduce the number of

injections, a treat and extend regime (a newer dosing option

that uses a 3-dose monthly initiation regimen, followed by

monthly dosing until visual acuity is stable for 3 months) has

been studied. The RETAIN study, a phase III randomised

study with ‘treat and extend’ treatment approach assessed

if DME patients can gain and maintain visual acuity with

fewer clinical visits. With this regimen >70% of patients

were able to maintain their vision with 40% reduction in

follow-up visits36.
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The economic burden, for both patients and the

society, is also a major concern. Assuming equivalent

effectiveness and similar safety profiles between

bevacizumab and ranibizumab injections, the use of

bevacizumab confers much greater value among different

treatment options for DME. This is due to the substantial

cost differentiation between the two anti-VEGF agents.

However in practice the cost is actually reduced by sharing

a single vial of bevacizumab for multiple injections. In clinical

practice the method of sharing dosage differs from trials

where multiple injections are prepared under ideal and

appropriate condition. This carries potential risk of

contamination.

Several key questions remain unanswered today.

First, despite the possibility of reducing the number of anti-

VEGF injections over time, repeated injections are required

to maintain visual gains for many patients. This is due to the

relatively limited half-lives of the currently available anti-

VEGF agents. Until we have a longer-acting safe treatment

for DME, combination therapy utilising currently available

pharmacotherapies with macular laser appears to be a more

practical and sustainable approach. DME is a multifactorial

disease which is not entirely VEGF driven. Inflammation

plays a major role in diabetic retinopathy as well as macular

oedema. There are cytokines and chemokines involved

which are not affected by anti-VEGF but are susceptible

to steroid therapy37. Combination treatment (by targeting

multiple factors) may thus be helpful for patients who are

unresponsive or have a suboptimal response to anti-VEGF

agents.
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Global Warming, Climate Change and the Role of the Doctor

Subrata Maitra1

Most of us now-a-days are aware of the fact that

there are multiple evidences of ‘global warming’, resulting

in average increase in the temperature, all over the world.

This is the most alarming threat for the humanity today.

Increase in the level of carbon dioxide in the atmosphere

and the fast depletion of the ozone layer are the most

important reasons for this.

As doctors, serving the community, we bear a

significant responsibility. Lots of medical problems arising

from air pollution and global warming get manifested in our

day to day experiences. An increased risk of asthma,

COPD, cancer of many sorts, along with ENT problems is

seen; the incidence of ‘lifestyle’ diseases like stroke and

ischaemic heart is becoming fairly common. Therefore, we

cannot shun ourselves away from the problem and leave it

only to the politician, environmentalists and the NGOs. We

need to join hands with every thinking mind in the society,

to solve the problem.

China and India, the two most populated countries

in the world, have problems which go hand in hand. From

air pollution, the average life expectancy of citizens of north

China has reduced by 5.5 years. The group who made this

observation in China is now looking at the Indian population

and has noticed an alteration here. The survey tells us that

about a million lives are claimed by smoke from the cooking

fire! Although Beijing has the worst pollution index, Delhi

and Kolkata are not far from following the suit. With Beijing’s

visible smog from 10 micron  or smaller particles known as

PM10, Delhi has the possibility of having a fearful index

too.  We need to take notice of the fact that PM 2.5, is

more likely to kill and approximately 15 times higher than

the level stipulated by the WHO.  PM 2.5 particles are

more harmful as they penetrate deep tissues of the lungs

and increase the risk of damage to a greater extent. The

primary causes of such pollution in cities and in urban areas

are lack of clearly defined standards for vehicle emission

GP GP GP GP GP ForumForumForumForumForum

Abstract:

Increase in the level of carbon dioxide and depletion of ozone layer in the  atmosphere cause global warming

–a serious threat to mankind. Global warming and air pollution are associated with many frateful diseases for concern.

Air pollution had decreased average life expectancy by about 5.5 years. Although Beijing has the worst pollution

index, Delhi and Kolkata are not far away. The primary causes of such pollution in cities and urban areas are lack of

clearly defined standards for vehicle emission control. Monitoring pollution in the industries is a must for developed

and developing countries. Fuel standards must be aggressively monitored. The world must resort to renewable

sources of energy such as solar and wind power. Deforestation is another area which triggers global warming and

pollution. Natural disasters like flood, earthquake and draughts are indirect effects of global warming. The medical

fraternity as a part in the society should have a big role to play in making globe free of all disasters if any in the future.

1DNB (Delhi), FRCP (Lond, Edin, Ire), Consultant Physician and Critical Care Specialist and Member, West Bengal

Medical Council, since deceased
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control. The rural population, too, suffers from adverse health

conditions through inhalation of dung-fuel gas and paraffin

stoves.  In fact, these kinds of pollution in rural India harm

more than one million people per year. The environment

minister in India has proposed installation of thousands of

industrial chimneys to gather data on emission.  Now

industrial officials have identified 17 more industries subject

to pollution.  In theory, every Indian city is now supposed

to measure its air quality.

Fuel standards must be aggressively monitored. There

will always remain a trade-off between development/

industrialisation and good air quality since fossil fuels are

used in most of the industries.  In a bid to maintain a clean,

fog-free sky Beijing has taken the decision to shut down

18,000 factories in its suburbs.  This has resulted in a dip in

Beijing’s economic growth (from 7.9% to 7.7%).  Needless

to say, India does not have the luxury to take such a step at

this juncture.

China is one of the world’s largest car producing

country with a zoom of 47.5% over the last three years.

India registered 24.5% of jumping passengers’ car vehicle

sales from 1.5 million in 2009 to about 1.9 million unit in

2010 in the domestic markets. Should this trend continue

along with the growth in Brazil and South Africa and USA,

disaster is looming large. The Kyoto protocol tries to reduce

pollution from burning of fossil fuels and there was general

agreement among most of the countries.

The world must resort to renewable sources of energy

such as solar and wind power.  As of today, solar and wind

energy constitutes less than 2.5% of Indian power supply.

In stark contrast, these sources meet up to 20% of China’s

energy requirement and 13% of Germany’s energy needs.

Solar energy has been getting popular in India due to a

gradual fall in the price of solar cells; however, India is still

eons away from domesticating wind energy as a dominant

power source. Political willpower is clearly needed to

address this issue, to make a ‘clear energy plan’. Strict

control of air quality in a small city around Beijing has led to

improvement of air quality but, in turn, reduced the GDP of

the city.  Whether India can afford to take such a step towards

industrialisation is a big question.

Rampant, deforestation in the name of economic

development, is yet another phenomenon that triggers global

warming and pollution. This not only leads to environmental

dangers but also displacement of tribal population and the

loss of flora and fauna. With zero carbon footprints, as that

happened in Malabar Coalfields in MP and Niyamgiri in

Odisha, it is of interest to note that in Myanmar the new

government has decided to stop constructions of a mega

dam being built by China on the Mytisone River in upper

Myanmar. Chinese government is furious about it and it’s

for the world to see whether the Myanmar government sticks

to this decision. Obviously, there is a direct conflict between

development and pollution. India and China are competing

to increase their GDP which is quite understandable but it

has to be ensured that while doing so the global warming

and air pollution should not be further increased. The

message is that increase the use of renewable energy in

place of fossil fuels. Indirect effect of global warming (natural

disasters like floods, earthquakes and draughts) abound

across the globe. Doctors, as social beings should have a

big role to play in such difficult times.

Some of the simple ways of staying green and clean

are:

 (1) Use of CFL/LED bulbs.

 (2) Avoid diesel and petrol as sources of energy.

 (3) Reduced use of air-conditioning.

 (4) Use properly inflated and pressurised vehicle tyres (flat

tyres consume more petrol).

 (5)Implantation of trees and maintenance of greenery,

avoiding deforestation.

The medical fraternity should strive to be part of the

general society, with the aim to fight such immediate issues

at hand. Otherwise, we will have to leave a world for the

posterity, with the frightful possibilities like ‘food security’

and ‘loss of habitat’, which are associated dangers, linked

up with global warming and climate changes.
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Evan’s Syndrome and Alopecia Totalis: A Rare Case Report

Nabanita Kora1, Kaustav Nayek2, Baisakhi Soren1

Key words:  Auto-immune  haemolytic  anaemia, immune  thrombocytopenia, alopecia  totalis.

Abstract:

Auto-immune  haemolytic anaemia (AIHA) is an auto-immune disorder where the body produces antibodies

against its own red blood cell antigens, resulting in destruction of  RBCs and manifested as anaemia. Previously

cases  having AIHA with immune thrombocytopenia (ITP) and AIHA with alopecia areata have been reported.

Here a case of AIHA, immune  thrombocytopenia and alopecia totalis is reported.

Introduction:

Evan’s syndrome comprises Coomb’s positive auto-

immune haemolytic anaemia in presence of immune

thrombocytopenia or sometimes antibodies against

neutrophils1. The cause of this association is unknown, but

most of the time has been explained by an auto-immune

mechanism, which produces antibodies directed against red

cells and platelets. Aggressive treatment is required to save

these patients.

Case Report:

An 11 years old female was admitted in the paediatric

ward with the complaint of bluish spots over whole body,

paleness and gum bleeding since last 2-3 days. She had a

history of repeated attacks (3 times) of similar episodes

since last one and a half years. She had no history of jaundice

or reddish discolouration of urine or chronic exposure to

drugs.

On clinical examination, it was found that the child

was anaemic with multiple ecchymotic spots, had alopecia

on scalp and body and no organomegaly. Her weight was

20 kg, height 150 cm, upper segment: lower segment 0.9:1,

BMI 10.2 (<3rd percentile of WHO reference) and arm

span 148 cm.

Her previous report of blood and bone marrow was

suggestive of immune thrombocytopenia and so she was

treated previously in the line of ITP. On admission,

investigations revealed haemoglobin 3.2 g/dl, erythrocytes

22.9 million/cmm, leucocytes  17,500, thrombocytes

27,000, reticulocytes 10%. Peripheral blood smear showed

anisopoikilocytosis, polychromasia, microsherocytes and

no malignant cells. Her packed cell volume  was 10.1%,

mean corpuscular volume 84.9fl, mean corpuscular

haemoglobin 27.6 pg, mean corpuscular haemoglobin

percentage 32.6g/dl, serum lactate dehydrogenase 370IU/

Department  of  Paediatrics, Burdwan Medical College, Burdwan 713104
1MBBS,MD (Paediatr) Postgraduate Trainee
2MBBS,DCH, MD (Paediatr), Professor

Corresponding author: Dr Nabanita Kora, Ladies’ Hostel No 1, Room No 19, Burdwan Medical College and

        Hospital, Burdwan 713104; E-mail: nabanita cmc@gmail.com

Case ReportCase ReportCase ReportCase ReportCase Report

244



l (normal <248 IU/l), antinuclear antibody was negative and

direct agglutination test positive. Bone marrow aspiration

and trephine biopsy revealed increased megakaryocytes,

erythroid hyperplasia and normal myeloid maturation, with

a myeloid: erythroid ratio 1:4. Chest x-ray revealed nothing

abnormality. On ultrasonography of abdomen, liver and

spleen were seen to be normal. CT scan of thorax showed

no evidence of any lymph nodes. Osmotic fragility test was

negative. Serum immunoglobulin levels were normal. Due

to lack of laboratory facility, antibodies against platelet

membrane could not be demonstrated.

Two units of packed red cells were transfused to her

and oral steroid was started as she could not afford

immunoglobulin. Her gum bleeding stopped after five days

and ecchymosis disappeared. She was discharged with oral

steroid and was asked for follow-up.

Discussion:

Alopecia areata is loss of hair from scalp, is a common

cause of non-cicatrial alopecia. It has been seen to be

associated with auto-immune diseases like thyroiditis,

anaemia and other skin diseases like vitiligo, as T cell

mediated antibodies are developed against unknown antigens

of hair follicle2,3. Alopecia areata has been reported in a

case with AIHA and pernicious anaemia, where alopecia

occurred 9 years after diagnosis of AIHA4. AIHA along

with ITP (Evan’s syndrome) bears a poor prognosis and

needs to be treated properly. Several cases of Evan’s

syndrome, even in association with systemic lupus

erythromatosus have been reported till date5,6. But Evan’s

syndrome with alopecia totalis has not been reported. This

patient who was previously diagnosed and treated as ITP

in district hospital, on her 3rd admission in our institution

was rediagnosed to be a case of AIHA in combination with

ITP and alopecia totalis (loss of hair from scalp and body).

No other family member had any auto-immune disorder.

Chronic cases of AIHA have been reported before7.

Keeping that in mind, we asked the patient for follow-up

on outdoor basis. Dermatologists also opined to continue

oral steroid as it will also treat alopecia.
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Use of Cosmetics: How Safe?

Cosmetics can be defined as articles intended to be

rubbed, poured, sprinkled, or sprayed on, introduced into,

or otherwise applied to the human body...for cleansing,

beautifying, promoting attractiveness, or altering the

appearance. The products included in this definition are skin

moisturisers, perfumes, lipsticks, fingernail polishes, eye and

facial makeup preparations, shampoos, permanent waves,

hair colours, toothpastes, and deodorants, as well as any

material intended for use as a component of a cosmetic

product. The first archaeological evidence of cosmetics

usage is found in Ancient Egypt around 4000 BC. The

Ancient Greeks and Romans also used cosmetics. The

Romans and Ancient Egyptians used cosmetics containing

poisonous mercury and often lead. The land of Palestine

was influenced by cosmetics as recorded in the Old

Testament where Jezebel painted her eyes approximately

in 840 BC. The Biblical book of Esther describes various

beauty treatments as well. Cosmetic use was frowned upon

at some points in history. For example, in the 1800s, make-

up was used primarily by prostitutes, and Queen Victoria

publicly declared makeup improper, vulgar, and acceptable

only for use by actors. Adolf Hitler told women that face

painting was for clowns and not for the women of the Master

Race. By the middle of the 20th century, cosmetics were in

widespread use in nearly all societies around the world.

Cosmetics have been in use for thousands of years. They
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also attached silk or leather with adhesive to cover a blemish.

The absence of regulation of the manufacture and use of

cosmetics has led to negative side-effects, deformities,

blindness, and even death through the ages. Examples of

this were the prevalent use of ceruse, or white lead, to cover

the face during the Renaissance, and blindness caused by

the mascara Lash Lure during the early 1900s. The earliest

recorded use of makeup involved the Egyptians of the 4th

Century before Christ. Scented oils, sheep fat based creams

and eye paint were applied by upper class women to beautify

their facial features. Women in the Far East, especially the

Japanese and Chinese, stained their faces with a powder

derived from rice to make their complexions a pasty white.

Another method of obtaining the desired look involved a

powder comprised largely of hydroxide, carbonate, and

lead oxide, the latter often leading to lead poisoning. During

this same period, Greek women applied ochre clay and

red iron to their lips – perhaps the first historical lipstick

application. The real emergence of makeup in European

society took place commencing in the following two

centuries, especially in France and Italy. They were created

from aromatic natural ingredients like fruits, tree bark,

flowers and roots employing a very laborious blending

process that necessitated the use of excessive quantities of

these natural ingredients in order to produce very small

amounts of products. The birth of the cosmetics industry as
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we know it today did not take place until the early 1930s.

In large part, Hollywood was responsible. Popular actresses

such as Mary Pickford and Jean Harlow appeared on

screen before millions of admiring women across America

and Europe, introducing a modern tanned look to the

masses. And Hollywood makeup artist Max Factor began

using pancake make-up and other products to produce

desirable looks for the cameras. Following the end of the

Second World War and with the emerging economic boom,

came the growth of today’s cosmetics industry, accelerated

by the new technology of television. Advertisements for

cosmetic products, especially lipsticks and mascaras,

abounded and concurrently came the blossoming of the

beauty magazine industry. Since the 1970s an abundance

of new cosmetic products to meet the concerns of a health

conscious public have been created, such as natural creams

and conditioners and, more recently, mineral makeup.  Tens

of billions of dollars are spent each year by women

worldwide on makeup and other cosmetic products.

Advertisements for makeup, hair care products and the like

abound and niche magazines promoting cosmetics are some

of the very best sellers. But although today’s cosmetics

industry is amongst the most dominant markets, the use of

makeup has actually been with us for thousands of years.

Our skin is our largest organ, performing several

functions, including protecting us from invasion by foreign

substances and serving as the transfer point for the release

of toxins from our bodies. The skin provides an honest

mirror of our inner health and well-being. It is thus especially

important to use only natural, gentle ingredients on our skin

whenever possible. Application to the skin of fresh, natural

products such as essential oils, plant waters (also called

“hydrosols”) and cold pressed unscented oils helps maintain

a youthful, glowing complexion.

Facial and skin care – Essential oils and hydrosols

are the fragrant liquids that are distilled from different plant

parts, such as flower petals; herbs leaves and tree barks,

and are fundamental components of any solid, natural skin

care regime. Cold pressed unscented oils are extracted from

various fruits, nuts and seeds, and include olive oil, sweet

almond oil, avocado oil and jojoba oil. Used in tandem,

essential oils, hydrosols and cold pressed unscented oils

work together to soothe and nourish the skin, encouraging

a healthful, radiant complexion. Facials involve a cleansing

procedure, a massage and steam, and the application of a

face mask. What they help to do is remove the dead, dull

outer layer of cells that make up the skin’s surface or

epidermis along with pollutants. The massage, which is an

important part of a facial, helps blood circulation, which in

turn aids lymphatic drainage (the removal of toxins and waste

from the body). A facial massage also relaxes the facial

muscles and is very important to delay the onset of wrinkles.

Acne care – With acne being such a common

problem, there is a huge market for acne skin care products.

Whatever acne skin care product one chooses, expecting

instant results is very unrealistic. The most effective products

take at least a couple of weeks before they begin to work

noticeably. If the acne skin care product contains appropriate

ingredients, the acne will recede in three months or so. In

other words - one should not reply on advertising that

promises overnight results. Acne is a moderately serious

form of skin inflammation. The affected pilosebaceous units

in the skin need to undergo the required changes before the

acne can reduce. Sometimes, a single acne skin care product

is not enough to have the desired effect. In such cases,

dermatologists may prescribe a combination of products

for use in tandem. Many compounds in this category of

acne skin care products are available over the counter,

meaning that no doctor’s prescription is required to buy

them. These products usually contain moisturising agents

to abolish the exfoliating compound’s dehydrating effects.

Topical creams and gels that kill bacteria are also available.

To prevent this, the concentration of benzoyl peroxide

should not exceed 2.5%. The patient should also use a non-

comedogenic moisturiser to reduce excessive skin dryness.

Body lotion – A lotion is a low-to-medium viscosity,

topical preparation intended for consumption to unbroken

skin; creams and gels. Most lotions are oil-in-water
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emulsions using a substance such as cetearyl alcohol to keep

the emulsion together, but water-in-oil lotions are also

formulated. Lotions are usually applied to external skin with

bare hands, a clean cloth, cotton wool or gauze; creams

and gels usually only with one’s fingers or palms.

Hair damage and prevention – Hair damage is

essentially any condition whereby one or more of the hair

structures (cuticles, cortex, medulla, etc), are physically or

chemically altered to the extent that they are unable to return

to their original state. When damaged, cuticles can become

cracked and frayed. Some of the keratin material, (of which

cuticles are composed), can dissolve and disintegrate,

making the hairshaft thinner. In severe cases, entire portions

of the cuticle layer can be removed altogether.

Shampoo – For many, the fact that simple

shampooing can damage the hair is still a difficult one to

accept. Nevertheless, it’s true. A shampoo with a pH level

higher than 5.5, will cause a pH imbalance and “rough-up”

the cuticle layer. Under these circumstances the cortex may

be damaged and the hair is weakened. Cleanse only with

high-quality conditioning shampoos.

Conditioners – These conditioners are applied

sparingly after shampooing and left on the hair. Some provide

effective ultraviolet (UV) protection. Organic make-up does

July 1 - the Doctor’s Day

In India the National Doctors’ Day is celebrated on July 1 all across India to

honour the legendary physician and the second Chief Minister of West Bengal, Dr

Bidhan Chandra Roy. He was born on July 1, 1882 and died on the same date in

1962, aged 80 years. Dr Roy was honoured with the country’s highest civilian

award, Bharat Ratna on February 4, 1961. The celebration of the Doctors’ Day is

an attempt to emphasise on the value of doctors in our lives and to offer them

our respects by commemorating one of their greatest representatives.[4] India

has shown remarkable improvements in the medical field and July 1 pays a perfect

tribute to all the doctors who have made relentless efforts towards achieving this

goal irrespective of the odds.



not contain preservatives that can directly react with or

enter the skin. This means that synthetic ingredients that

react to produce formaldehyde, urea derivatives and

parabens are not used. Petroleum products like petroleum

jelly, mineral oils, parabens, propylene glycol, acetones and

benzene-like products are other offensive components that

are avoided in organic cosmetics. All ingredients and

essential oils used in organic make-up come from natural

sources and even the fragrances used are natural and usually

plant based. Essential oils that are to be added to organic

cosmetics are extracted from plant sources like bark,

flowers and even roots of plants. They act as preservatives

and fragrances in organic make-up products and add a

certain texture to these cosmetics. In some cases, essential

oils are also added to protect and heal sensitive skin and

rashes. Allergic reactions, skin inflammation and rashes are

the most common side-effects. The synthetic preservatives,

colours and oils used in cosmetics may react to form urea

derivatives, formaldehyde and paraben which are extremely

dangerous to the skin causing inflammation, rashes, eczema

and even carcinoma. The solvents used contain the most

toxic ingredient called phthalates which resemble the female

hormone oestrogen and can cause severe problems due to

excess hormone production and also may hamper infants.

Most face washes contain detergents like sodium lauryl

sulphates which is extremely toxic to sensitive skins, usage

to be restricted.

The accumulation of heavy metals present in those

chemicals like mercury, lead, arsenic, cadmium, aluminium

and a range of others, occur because the body cannot

metabolise them. This toxic store soon leads to poisoning

of systems and cause diseases like secondary hypertension.

In fact, according to World Health Organisation (WHO),

82% of all chronic degenerative diseases are caused by

environmental exposure to toxic metals. The chemicals in

cosmetics enter the blood stream through the skin as it

absorbs the creams, potions and lotions we apply. If the

blood becomes too acidic (more than 7.35), arteries can

become inflammed and lead to secondary hypertension. The

acidity of the blood can cause the body to take more calcium

from the bones to help maintain the correct pH balance,

ultimately increasing the risk of osteoporosis, and other

health problems. Free radical damage also results from

chemicals entering the blood through skin absorption, which

can lead to atherosclerosis. Skin lightening creams contain

mercury, chromium and neodymium and cadmium.

Cadmium is a deep yellow to orange pigment, found in

lipsticks and face powders. Cadmium targets blood vessel

and heart tissue, as well as, the kidneys, lungs and brain,

and results in heart disease, hypertension, liver damage,

suppressed immune system and other nasty symptoms.

Conclusions:

In conclusion it can be said that beauty is only skin deep,

but the truth about chemicals in cosmetics, dictates that beauty

comes from within not what we put on the skin.
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