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ABSTRACT

Background: Melasma, a common dermatological problem which has no standard recom-
mended therapy. This study aimed to compare the clinical efficacy of combined trichloroace-
tic acid peel and ascorbic acid with trichloroacetic acid peel alone in epidermal melasma.

Methods: A quasi-experimental study was conducted on 148 patients with epidermal melas-
ma, in the dermatology department of Pak Emirates Military Hospital, Rawalpindi from August 
2019 to January 2020. Patients were randomly allocated into two groups; Group A (n=74) was 
given trichloroacetic acid peel 20% (weekly) plus ascorbic acid cream (once daily). Group B 
(n=74) was given trichloroacetic acid peel alone (weekly). Melasma Area and Severity Index 
(MASI) scores were calculated at baseline visit, 6th week and 3rd month. Efficacy was measured 
as a reduction in post-treatment MASI score to ≤10. Post-stratification Chi-square test was 
applied considering p-value ≤0.05 as statistically significant.

Results: The mean age of patients was 31.63±8.20 years with a predominance of female 
gender 117(79.1%). The mean duration of persistence of melasma symptoms was 42.59±21.56 
months while Fitzpatrick type IV (51%) was revealed as the dominant skin type. MASI score at 
the baseline, 6th week and 3rd month visits were 18.11±3.49, 12.48±3.16 and 7.74±3.91, respec-
tively. Overall, the treatment was efficacious in 106(71.6%) patients. Reduction in MASI score 
was significantly higher in group A (83.8%) than group B (59.5%).

Conclusion: The combination of trichloroacetic acid peel and ascorbic acid was more effec-
tive than trichloroacetic acid peel alone (p=0.001) in the treatment of epidermal melasma.
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OPEN ACCESS men have also been  reported1. It is a common 
disorder affecting millions of people worldwide, with 
exact prevalence varying between 1.5% to 33.3% 
depending on the population2. The condition is 
more common in higher skin types (Fitzpatrick skin 
types III, IV and V) especially in people of East Asian, 
South-East Asian, and Hispanic origin with intense 
ultraviolet exposure. 

The exact pathogenesis of melasma remains 
unknown but factors postulated in the pathogenesis 
include genetic predisposition, exposure to sunlight, 
oral estrogen-progesterone therapies, pregnancy, 
thyroid dysfunctions, cosmetics and certain drugs 
like anti-epileptic agents3. The Wood’s lamp exam-
ination classified melasma into three types i.e. 
epidermal melasma, dermal melasma and mixed 
type4.

Melasma is common but difficult to treat medical 
due to its recurrence. The currently available thera-
peutic options include hypo-pigmenting agents, 
broad-spectrum sunscreens, chemical peels and 
different physical modalities like cryosurgery and 
laser therapy5. Various topical agents have been 
used but no single agent has been proven to be 
effective in the management of melasma for all 
patients6-10. Chemical peeling is considerably safe 
and used in a variety of dermatological conditions 
besides melasma6. It is divided into superficial, 
medium and deep chemical peels depending on 
the therapeutic intent and the kind of peeling 
agent used11. It causes chemical burn-induced 
exfoliation of the superficial layers of skin7.

Trichloroacetic acid (TCA) peel is used as both 
superficial depth (10-25% concentration) and 
deeper depth (35% concentration) peel. It has 
been well studied and found versatile in its ability to 
clear melasma7,9. Its effectiveness can be increased 
by combining with other suitable therapeutic 
agents. TCA peel alone has a reported efficacy of 
66% whereas the combination of TCA peel and 
topical magnesium ascorbyl phosphate has an 
efficacy of 81% 5,11. As 5% ascorbic acid is compara-
ble in efficacy to 4% hydroquinone but with lesser 
side effects, so ascorbic acid is a novel alternative12. 
It suppresses melanin synthesis by its anti-oxidant 
effect or by inhibiting tyrosinase13.

The objective of this study was to evaluate the 
efficacy of combined TCA peel plus topical ascor-
bic acid versus TCA peel alone because to the best 
of our knowledge such comparative study has 
never been conducted in our local population. The 
results can be shared with regional dermatologists 
along with a recommendation to adopt this drug 
combination in patients with epidermal melasma.

METHODS
A quasi-experimental study was conducted in the 
dermatology department of Pak Emirates Military 
Hospital, Rawalpindi from August 2019 to January 
2020 after taking approval from the ethical and 
research committee. One hundred and forty-eight 
patients of both genders and age groups between 
18-60 years were selected from the outpatient 
setting through a non-probability convenient 
sampling technique using a 5% level of significance, 
90% power of a test. The 87% proportion of effec-
tiveness of Trichloroacetic acid peel plus ascorbic 
acid cream and 67% proportion of effectiveness of 
Trichloroacetic acid peel alone in the treatment of 
melasma14. Patients with Fitzpatrick skin type III, IV, or 
V suffering from epidermal melasma for more than 3 
months and having MASI (Melasma Area and 
Severity Index) score ≥12 was enrolled in the study. 
Whereas, patients with dermal or mixed melasma, 
Fitzpatrick skin type I, II or VI, those with keloids, histo-
ry of hypertrophic scars, recurrent herpes simplex 
infections, or who received treatment for melasma 
in the last 3 months were excluded from the study to 
avoid biasness.

After taking informed consent from participants, 
detailed history and clinical examination were 
carried out. The eligible patients were randomly 
allocated into two groups (74 each). Patients in 
group A were subjected to combination therapy 
i.e., Trichloroacetic acid peel 20% (weekly) plus 
Ascorbic acid cream (once daily) while patients in 
group B were subjected to Trichloroacetic acid peel 
20% alone (weekly). Peeling was done weekly for 6 
weeks and MASI scoring was done at the initial 
baseline visit, 6th week and 3rd month of the treat-
ment. It is a reliable and systematic scoring of 
melasma severity that takes into account the mea-
surement of the area involved by allocating pre-de-
termined percentages to various areas of the face, 
darkness of the involved area by an arbitrary grad-
ing in comparison to the surrounding normal skin15,16. 
The range of the total score is 0 to 24. Efficacy of the 
study drugs was measured as reduction in 
post-treatment MASI score to 10 or below. All the 
observations, MASI scoring and peeling procedures 
were conducted under the supervision of an expert 
dermatologist.

After recording data in a pre-designed proforma, its 
analysis was done using SPSS version 20. Mean±SD was 
calculated for numerical variables like age, duration 
of melasma and MASI scores. Frequencies and 
percentages were calculated for categorical 
variables like gender, efficacy, and skin types. Effica-
cy in both treatment groups was stratified among 
gender, age, skin types, baseline MASI score and 
duration of symptoms to see the effect modification. 
Post-stratification Chi-square test was also applied 
considering p≤0.05 as statistically significant.

INTRODUCTION
Melasma is an acquired circumscribed, brown, or 
sometimes greyish brown hyperpigmentation of the 

skin that appears exclusively in sun-exposed areas, 
mostly on the face. It is more common in women 
accounting up to 90% of cases, though cases in 

RESULTS
In this experimental study, 148 patients of epidermal 
melasma were enrolled having a mean age of 
31.63±8.20 years and predominance of female 
gender i.e., 117 (79.1%). The mean duration of 
melasma symptoms was 42.59±21.56 months. Most 
of the patients i.e., 81 (54.7%) were in the age group 

>30 years whereas 67 (45.3%) patients were of age 
<30 years. The Fitzpatrick skin type analysis revealed 
type IV as the most dominant skin type (51%) 
followed by type III (35%) and type V (14%). The 
mean MASI score at the baseline visit, 6th week and 
3rd month were 18.11±3.49, 12.48±3.16 and 
7.74±3.91, respectively.

First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  
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men have also been  reported1. It is a common 
disorder affecting millions of people worldwide, with 
exact prevalence varying between 1.5% to 33.3% 
depending on the population2. The condition is 
more common in higher skin types (Fitzpatrick skin 
types III, IV and V) especially in people of East Asian, 
South-East Asian, and Hispanic origin with intense 
ultraviolet exposure. 

The exact pathogenesis of melasma remains 
unknown but factors postulated in the pathogenesis 
include genetic predisposition, exposure to sunlight, 
oral estrogen-progesterone therapies, pregnancy, 
thyroid dysfunctions, cosmetics and certain drugs 
like anti-epileptic agents3. The Wood’s lamp exam-
ination classified melasma into three types i.e. 
epidermal melasma, dermal melasma and mixed 
type4.

Melasma is common but difficult to treat medical 
due to its recurrence. The currently available thera-
peutic options include hypo-pigmenting agents, 
broad-spectrum sunscreens, chemical peels and 
different physical modalities like cryosurgery and 
laser therapy5. Various topical agents have been 
used but no single agent has been proven to be 
effective in the management of melasma for all 
patients6-10. Chemical peeling is considerably safe 
and used in a variety of dermatological conditions 
besides melasma6. It is divided into superficial, 
medium and deep chemical peels depending on 
the therapeutic intent and the kind of peeling 
agent used11. It causes chemical burn-induced 
exfoliation of the superficial layers of skin7.

Trichloroacetic acid (TCA) peel is used as both 
superficial depth (10-25% concentration) and 
deeper depth (35% concentration) peel. It has 
been well studied and found versatile in its ability to 
clear melasma7,9. Its effectiveness can be increased 
by combining with other suitable therapeutic 
agents. TCA peel alone has a reported efficacy of 
66% whereas the combination of TCA peel and 
topical magnesium ascorbyl phosphate has an 
efficacy of 81% 5,11. As 5% ascorbic acid is compara-
ble in efficacy to 4% hydroquinone but with lesser 
side effects, so ascorbic acid is a novel alternative12. 
It suppresses melanin synthesis by its anti-oxidant 
effect or by inhibiting tyrosinase13.

The objective of this study was to evaluate the 
efficacy of combined TCA peel plus topical ascor-
bic acid versus TCA peel alone because to the best 
of our knowledge such comparative study has 
never been conducted in our local population. The 
results can be shared with regional dermatologists 
along with a recommendation to adopt this drug 
combination in patients with epidermal melasma.

METHODS
A quasi-experimental study was conducted in the 
dermatology department of Pak Emirates Military 
Hospital, Rawalpindi from August 2019 to January 
2020 after taking approval from the ethical and 
research committee. One hundred and forty-eight 
patients of both genders and age groups between 
18-60 years were selected from the outpatient 
setting through a non-probability convenient 
sampling technique using a 5% level of significance, 
90% power of a test. The 87% proportion of effec-
tiveness of Trichloroacetic acid peel plus ascorbic 
acid cream and 67% proportion of effectiveness of 
Trichloroacetic acid peel alone in the treatment of 
melasma14. Patients with Fitzpatrick skin type III, IV, or 
V suffering from epidermal melasma for more than 3 
months and having MASI (Melasma Area and 
Severity Index) score ≥12 was enrolled in the study. 
Whereas, patients with dermal or mixed melasma, 
Fitzpatrick skin type I, II or VI, those with keloids, histo-
ry of hypertrophic scars, recurrent herpes simplex 
infections, or who received treatment for melasma 
in the last 3 months were excluded from the study to 
avoid biasness.

After taking informed consent from participants, 
detailed history and clinical examination were 
carried out. The eligible patients were randomly 
allocated into two groups (74 each). Patients in 
group A were subjected to combination therapy 
i.e., Trichloroacetic acid peel 20% (weekly) plus 
Ascorbic acid cream (once daily) while patients in 
group B were subjected to Trichloroacetic acid peel 
20% alone (weekly). Peeling was done weekly for 6 
weeks and MASI scoring was done at the initial 
baseline visit, 6th week and 3rd month of the treat-
ment. It is a reliable and systematic scoring of 
melasma severity that takes into account the mea-
surement of the area involved by allocating pre-de-
termined percentages to various areas of the face, 
darkness of the involved area by an arbitrary grad-
ing in comparison to the surrounding normal skin15,16. 
The range of the total score is 0 to 24. Efficacy of the 
study drugs was measured as reduction in 
post-treatment MASI score to 10 or below. All the 
observations, MASI scoring and peeling procedures 
were conducted under the supervision of an expert 
dermatologist.

After recording data in a pre-designed proforma, its 
analysis was done using SPSS version 20. Mean±SD was 
calculated for numerical variables like age, duration 
of melasma and MASI scores. Frequencies and 
percentages were calculated for categorical 
variables like gender, efficacy, and skin types. Effica-
cy in both treatment groups was stratified among 
gender, age, skin types, baseline MASI score and 
duration of symptoms to see the effect modification. 
Post-stratification Chi-square test was also applied 
considering p≤0.05 as statistically significant.

INTRODUCTION
Melasma is an acquired circumscribed, brown, or 
sometimes greyish brown hyperpigmentation of the 

skin that appears exclusively in sun-exposed areas, 
mostly on the face. It is more common in women 
accounting up to 90% of cases, though cases in 

RESULTS
In this experimental study, 148 patients of epidermal 
melasma were enrolled having a mean age of 
31.63±8.20 years and predominance of female 
gender i.e., 117 (79.1%). The mean duration of 
melasma symptoms was 42.59±21.56 months. Most 
of the patients i.e., 81 (54.7%) were in the age group 

>30 years whereas 67 (45.3%) patients were of age 
<30 years. The Fitzpatrick skin type analysis revealed 
type IV as the most dominant skin type (51%) 
followed by type III (35%) and type V (14%). The 
mean MASI score at the baseline visit, 6th week and 
3rd month were 18.11±3.49, 12.48±3.16 and 
7.74±3.91, respectively.

First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  

ACKNOWLEDGEMENTS
The authors would like to acknowledge the institu-
tion for facilitating the study.  

CONFLICT OF INTEREST
All the authors declared no conflict of interest. 

AUTHORS’ CONTRIBUTION
ZK wrote the manuscript, ED, OK, and YK revised 
and edited the manuscript. 

REFERENCES
1. Zeng Z, Chen J, Xiao C, Chen W. A global view on 
prevalence of hypertension and human develop 
index. Ann Glob Health. 2020 ;86(1):1-6. doi: 
10.5334/aogh.2591
2. World Health Organization (WHO). Hypertension 
[Internet]. 2019. Available at: https://www.who.in-
t/news-room/fact-sheets/detail/hypertension
3. Mills KT, Stefanescu A, He J. The global epidemiology 
of hypertension. Nat Rev Nephrol. 2020;16(4):223-237. 
doi: 10.1038/s41581-019-0244-2
4. Larochelle P, Tobe SW, Lacourcière Y. β-Blockers in 
hypertension: studies and meta-analyses over the 
years. Can J Cardiol. 2014;30(5):16-22. doi: 10.1016/j 
.cjca.2014.02.012
5. Wiysonge CS, Volmink J, Opie LH. Beta-blockers 
and the treatment of hypertension: it is time to 
move on. Cardiovasc J Afr. 2007;18(6):351-352.
6. Weber MA. The role of the new beta-blockers in 
treating cardiovascular disease. Am J Hypertens. 
2005;18(1):169-176. doi: 10.1016/j.amjhyper-
.2005.09.009
7. Vögele A, Johansson T, Renom-Guiteras A, Reeves 
D, Rieckert A, Schlender L, et al. Effectiveness and 
safety of beta blockers in the management of hyper-
tension in older adults: a systematic review to help 
reduce inappropriate prescribing. BMC Geriatr. 
2017;17(1):119-143.  doi: doi.org/10.1186/s12877-017- 
0575-4
8. Wiysonge CS, Bradley HA, Volmink J, Mayosi BM, Opie 
LH. Beta‐blockers for hypertension. Cochrane Database 
Syst Rev. 2017(1):1-74. doi: 10.1002/14651858.CD002003.-
pub5
9. Messerli FH. The age factor in hypertension. Hosp 
Pract. 1986;21(1):103-112. doi: 10.1080/21548331.1 

986.11706552
10. do Vale GT, Ceron CS, Gonzaga NA, Simplicio 
JA, Padovan JC. Three generations of β-blockers: 
history, class differences and clinical applicability. 
Curr Hypertens Rev. 2019;15(1):22-31. doi: 10.2174/ 
1573402114666180918102735
11. Reiter MJ. Cardiovascular drug class: Beta-block-
ers. Prog Cardiovasc Dis. 2004; 47(1):11-33. doi: 
10.1016/j.pcad.2004.04.004
12. Hansson L, Zweifer AJ. The effect of propranolol on 
plasma renin activity and blood pressure in mild essential 
hypertension. Acta Med Scand. 1974; 195(1-6):397-401. 
doi: 10.1111/j.0954-6820.1974. tb08159.x
13. Srinivasan AV. Propranolol: A 50-year historical 
perspective. Ann Indian Acad Neurol. 2019;22(1):21-26. 
doi:10.4103/aian.AIAN_201_18
14. McDevitt DG. Comparison of pharmacokinetic 
properties of beta-adrenoceptor blocking drugs. Eur 
Heart J. 1987;8 Suppl M:9-14. doi: 10.1093/eurheartj/8.-
suppl_m.9
15. Frithz G. Pindolol once daily in the treatment of 
hypertension. Ups J Med Sci. 1976;81(3):151-154. doi: 
10.3109/03009737609179040
16. Fanchamps A. Therapeutic trials of pindolol in 
hypertension: comparison and combination with 
other drugs. Am Heart J. 1982 ;104(2 Pt 2):388-406. 
doi: 10.1016/0002-8703(82)90129-6
17. Golightly LK. Pindolol: a review of its pharmacolo-
gy, pharmacokinetics, clinical uses, and adverse 
effects. Pharmacother J Hum Pharmacol Drug Ther. 
1982;2(3):134-147. doi: 10.1002/j.1875-9114.1982.tb045 
21.x
18. Heel RC, Brogden RN, Speight TM, Avery GS. 
Atenolol: a review of its pharmacological properties 
and therapeutic efficacy in angina pectoris and 
hypertension. Drugs. 1979;17(6):425-460. doi: 
10.2165/00003495-197917060-00001
19. Pucci G, Ranalli MG, Battista F, Schillaci G. 
Effects of β-blockers with and without vasodilating 
properties on central blood pressure: systematic 
review and meta-analysis of randomized trials in 
hypertension. Hypertens. 2016;67(2):316-324. doi: 
10.1161/HYPERTENSIONAHA.115.06467
20. Carlberg B, Samuelsson O, Lindholm LH. Atenolol 
in hypertension: is it a wise choice! Lancet. 
2004;364(9446):1684-1689. doi: 10.1016/S0140- 6736 
(04)17355-8
21. Zhou WJ, Wang RY, Li Y, Chen DR, Chen EZ, Zhu 
DL, et al. A randomized controlled study on the 
effects of bisoprolol and atenolol on sympathetic 
nervous activity and central aortic pressure in 
patients with essential hypertension. PLoS One. 
2013;8(9):1-8. doi: 10.1371/journal.pone.0072102
22. Garg KC, Singhal KC, Kumar S. Monitoring the 
adverse profile of atenolol--a collaborative study. 
Indian J Physiol Pharmacol. 1993;37(3):213-216. 
23. Gebreyohannes EA, Bhagavathula AS, Abebe 
TB, Tefera YG, Abegaz TM. Adverse effects and 
non-adherence to antihypertensive medications in 
University of Gondar Comprehensive Specialized 

Hospital. Clin Hypertens. 2019;25(1):1-9. doi: 
10.1186/s40885-018-0104-6
24. Fröhlich H, Zhao J, Täger T, Cebola R, Schellberg 
D, Katus HA, et al. Carvedilol compared with 
metoprolol succinate in the treatment and progno-
sis of patients with stable chronic heart failure: 
carvedilol or metoprolol evaluation study. Circ 
Heart Fail. 2015;8(5):887-896. doi: 10.1161/CIR-
CHEARTFAILURE.114.001701
25. Kosch M, Levers A, Lang D, Bartels V, Rahn KH, 
Pavenstädt H, et al. A randomized, double-blind study 
of valsartan versus metoprolol on arterial distensibility 
and endothelial function in essential hypertension. 
Nephrol Dial Transplant. 2008;23(7):2280-2285. doi: 
10.1093/ndt/gfm936
26. Ljung B, Åblad B, Drews L, Fellenius E, Kjellstedt A, 
Wallborg M. Anti-hypertensive effect of metoprolol 
in spontaneously hypertensive rats. Clin Sci Mol 
Med. 1976;51(s3):443-445. doi: 10.1042/cs051443s
27. Dahlöf C, Hedner T, Thulin T, Gustafsson S, Olsson 
SO. Effects of diltiazem and metoprolol on blood 
pressure, adverse symptoms and general well-being. 
The Swedish Diltiazem-Metoprolol Multi-Centre Study 
Group. Eur J Clin Pharmacol. 1991;40(5):453-460. doi: 
10.1007/BF00315222
28. Galougahi KK, Liu CC, Bundgaard H, Rasmussen HH. 
β-Adrenergic regulation of the cardiac Na+-K+ ATPase 
mediated by oxidative signaling. Trends Cardiovasc 
Med. 2012;22(4):83-87. doi: 10.1016/j.tcm.2012.06.017
29. Channaraya V, Marya RK, Somasundaram M, Mitra 
D, Tibrewala KD; BRIGHT investigators. Efficacy and 
tolerability of a β-1 selective β blocker, bisoprolol, as a 
first-line antihypertensive in Indian patients diagnosed 
with essential hypertension (BRIGHT): an open-label, 
multicentric observational study. BMJ Open. 
2012;2(3):1-6. doi:10.1136/bmjopen-2011-000683
30. Beresford R, Heel RC. Betaxolol. A review of its 
pharmacodynamic and pharmacokinetic properties, 
and therapeutic efficacy in hypertension. Drugs. 
1986;31(1):6-28. doi: 10.2165/00003495-198631010-00002
31. Onishchenko AL, Isakov IN, Kolbasko AV, Makogon 
SI. Initial combination therapy for primary open-angle 
glaucoma. Vestn Oftalmol. 2019;135(2):32-38. doi: 
10.17116/oftalma201913502132
32. Williams RL, Goyle KK, Herman TS, Rofman BA, 
Ruoff GE, Hogan LB. Dose-dependent effects of 
betaxolol in hypertension: a double-blind, multi-
center study. J Clin Pharmacol. 1992;32(4):360-367. 
doi: 10.1002/j.1552-4604.1992.tb03848.x
33. Alhenc-Gelas F, Plouin PF, Ducrocq MB, Corvol P, 
Menard J. Comparison of the antihypertensive and 
hormonal effects of a cardioselective beta-blocker, 
acebutolol, and diuretics in essential hypertension. Am J 
Med. 1978;64(6):1005-1012. doi: 10.1016/0002-9343(78) 
90456-4
34. Davidov M. Acebutolol in essential hypertension: 
results of two multicenter studies against placebo 
and propranolol. Am Heart J. 1985;109(5 Pt 
2):1158-1167. doi: 10.1016/0002-8703(85)90702-1
35. Singh BN, Thoden WR, Wahl J. Acebutolol: a 

review of its pharmacology, pharmacokinetics, 
clinical uses, and adverse effects. Pharmacother J 
Hum Pharmacol Drug Ther. 1986;6(2):45-61. doi: 
10.1002/j.1875-9114.1986.tb03451.x
36. Abdelkrim MA, Martignat L, Gogny M, Desfontis 
JC, Noireaud J, Mallem MY. Celiprolol induces β
3-adrenoceptors-dependent relaxation in isolated 
porcine coronary arteries. Can J Physiol Pharmacol. 
2013;91(10):791-796. doi: 10.1139/cjpp-2013-0091
37. Nawarskas JJ, Cheng-Lai A, Frishman WH. Celipro-
lol: A unique selective adrenoceptor modulator. 
Cardiol Rev. 2017;25(5):247-253. doi: 10.1097/CRD.000 
0000000000159
38. Milne RJ, Buckley MM. Celiprolol. An updated 
review of its pharmacodynamic and pharmacoki-
netic properties, and therapeutic efficacy in 
cardiovascular disease. Drugs. 1991;41:941-969. doi: 
10.2165/00003495-199141060-00009
39. Clauzel AM, Jean T, Etienne R, Visier S, Michel F. 
Effect of long-term treatment with celiprolol on 
pulmonary function in a group of mild hypertensive 
asthmatics. J Int Med Res. 1988;16:27-33. 
40. Lombard JN, Bonnotte B, Maynadie M, Foucher 
P, Degat OR, Jeannin L, et al. Celiprolol pneumoni-
tis. Eur Respir J. 1993;6(4):588-591. 
41. Shand DG. Pharmacokinetic properties of the 
beta-adrenergic receptor blocking drugs. Drugs. 
1974;7(1):39-47. doi: 10.2165/00003495-19740701 
0-00003
42. Geyskes GG, Stutterheim A, Boer P, Mees EJ. Com-
parison of the antihypertensive effect of propranolol 
and practolol combined with chlorthalidone. Eur J 
Clin Pharmacol. 1975;9(2-3):85-90. doi: 10.1007/BF0 
0614001
43. Garylarde PM, Sarkany I. Side effects of practo-
lol. Br Med J. 1975;3(5980):435. doi: 10.1136/bmj.3.59 
80.435-a 
44. Kennedy I, Levy GP. Combined alpha- and 
beta-adrenoceptor blocking drug AH 5158: further 
studies on alpha adrenoceptor blockade in anaes-
thetized animals. Br J Pharmacol. 1975; 53(4):585- 
592. doi: 10.1111/j.1476-5381.1975.tb07398.x
45. MacCarthy EP, Bloomfield SS. Labetalol: a 
review of its pharmacology, pharmacokinetics, 
clinical uses and adverse effects. Pharmacother J 
Hum Pharmacol Drug Ther. 1983;3(4):193-217. doi: 
10.1002/j.1875-9114.1983.tb03252.x
46. Cannon CM, Levy P, Baumann BM, Borczuk P, 
Chandra A, Cline DM, et al. Intravenous nicardipine 
and labetalol use in hypertensive patients with signs 
or symptoms suggestive of end-organ damage in 
the emergency department: a subgroup analysis of 
the CLUE trial. BMJ open. 2013;3(3):1-7. doi: 
10.1136/bmjopen-2012-002338 
47. Webster LM, Myers JE, Nelson-Piercy C, Harding 
K, Cruickshank JK, Watt-Coote I, et al. Labetalol 
versus nifedipine as antihypertensive treatment for 

chronic hypertension in pregnancy: a randomized 
controlled trial. Hypertens. 2017;70(5):915-922. doi: 
10.1161/HYPERTENSIONAHA.117.09972
48. Zublena F, De Gennaro C, Corletto F. Retrospec-
tive evaluation of labetalol as antihypertensive 
agent in dogs. BMC Vet Res. 2020;16(1):1-8. doi: 
10.1186/s12917-020-02475-4
49. Kane J, Gregg I, Richards DA. Double-blind trial 
of labetalol. Br J Clin Pharmacol. 1976;3(4 Suppl 
3):737-741. 
50. Waal‐Manning HJ, Simpson FO. Review of 
long‐term treatment with labetalol. Br J Clin Phar-
macol. 1982;13(S1):65S-73. doi: 10.1111/j.1365-2125. 
1982.tb01891.x 
51. Ruffolo RR, Feuerstein GZ. Pharmacology of carve-
dilol: rationale for use in hypertension, coronary artery 
disease, and congestive heart failure. Cardiovasc 
Drugs Ther. 1997;11(1):247-256. doi: 10.1023/a:100773 
5729121
52. Meyer-Sabellek W, Schulte KL, Streitberg B, 
Gotzen R. Two-year follow-up of 24-hour indirect 
blood pressure monitoring: an open study. Drugs. 
1988;36(6):106-112. doi: 10.2165/00003495-19880036 
6-00018
53. Messerli FH, Grossman E. β-blockers in hyperten-
sion: is carvedilol different! Am J Cardiol. 2004;93(9) 
:7-12.
54. Krämer BK, Ress KM, Erley CM, Risler T. Pharmaco-
kinetic and blood pressure effects of carvedilol in 
patients with chronic renal failure. Eur J Clin Pharma-
col. 1992;43(1):85-88. doi: 10.1007/BF02280760
55. Fongemie J, Felix-Getzik E. A review of nebivolol 
pharmacology and clinical evidence. Drugs. 
2015;75(12):1349-1371. doi: 10.1007/s40265-015- 
0435-5
56. Greathouse M. Nebivolol efficacy and safety in 
patients with stage I‐II hypertension. Clin Cardiol. 
2010;33(4):20-27. doi: 10.1002/clc.20508
57. Ceron CS, Rizzi E, Guimarães DA, Martins-Oliveira 
A, Gerlach RF, Tanus-Santos JE. Nebivolol attenu-
ates prooxidant and profibrotic mechanisms involv-
ing TGF-β and MMPs, and decreases vascular 
remodeling in renovascular hypertension. Free 
Radic Biol. Med 2013; 65: 47-56. doi: 10.1016/j.fre-
eradbiomed.2013.06.033
58. John C. A review of the safety and efficacy of 
nebivolol in the mildly hypertensive patient. Vasc 
Health Risk Manag. 2007; 3(6): 909-917.
59. Coats A, Jain S. Protective effects of nebivolol 
from oxidative stress to prevent hypertension-relat-
ed target organ damage. J Hum Hypertens. 
2017;31(6):376-381. doi: 10.1038/jhh.2017.8
60. Shin J, Choi YJ, Hong GR, Jeon DW, Kim DH, Koh 
YY, et al. Real-world efficacy and safety of nebivolol 
in Korean patients with hypertension from the BENE-
FIT KOREA study. J Hypertens. 2020;38(3):527-535. 
doi: 10.1097/HJH.000000000000229.

Sidra Syeda et al.



58PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2022, VOL. 11 (01) DOI: https://doi.org/10.36283/PJMD11-1/010

men have also been  reported1. It is a common 
disorder affecting millions of people worldwide, with 
exact prevalence varying between 1.5% to 33.3% 
depending on the population2. The condition is 
more common in higher skin types (Fitzpatrick skin 
types III, IV and V) especially in people of East Asian, 
South-East Asian, and Hispanic origin with intense 
ultraviolet exposure. 

The exact pathogenesis of melasma remains 
unknown but factors postulated in the pathogenesis 
include genetic predisposition, exposure to sunlight, 
oral estrogen-progesterone therapies, pregnancy, 
thyroid dysfunctions, cosmetics and certain drugs 
like anti-epileptic agents3. The Wood’s lamp exam-
ination classified melasma into three types i.e. 
epidermal melasma, dermal melasma and mixed 
type4.

Melasma is common but difficult to treat medical 
due to its recurrence. The currently available thera-
peutic options include hypo-pigmenting agents, 
broad-spectrum sunscreens, chemical peels and 
different physical modalities like cryosurgery and 
laser therapy5. Various topical agents have been 
used but no single agent has been proven to be 
effective in the management of melasma for all 
patients6-10. Chemical peeling is considerably safe 
and used in a variety of dermatological conditions 
besides melasma6. It is divided into superficial, 
medium and deep chemical peels depending on 
the therapeutic intent and the kind of peeling 
agent used11. It causes chemical burn-induced 
exfoliation of the superficial layers of skin7.

Trichloroacetic acid (TCA) peel is used as both 
superficial depth (10-25% concentration) and 
deeper depth (35% concentration) peel. It has 
been well studied and found versatile in its ability to 
clear melasma7,9. Its effectiveness can be increased 
by combining with other suitable therapeutic 
agents. TCA peel alone has a reported efficacy of 
66% whereas the combination of TCA peel and 
topical magnesium ascorbyl phosphate has an 
efficacy of 81% 5,11. As 5% ascorbic acid is compara-
ble in efficacy to 4% hydroquinone but with lesser 
side effects, so ascorbic acid is a novel alternative12. 
It suppresses melanin synthesis by its anti-oxidant 
effect or by inhibiting tyrosinase13.

The objective of this study was to evaluate the 
efficacy of combined TCA peel plus topical ascor-
bic acid versus TCA peel alone because to the best 
of our knowledge such comparative study has 
never been conducted in our local population. The 
results can be shared with regional dermatologists 
along with a recommendation to adopt this drug 
combination in patients with epidermal melasma.

METHODS
A quasi-experimental study was conducted in the 
dermatology department of Pak Emirates Military 
Hospital, Rawalpindi from August 2019 to January 
2020 after taking approval from the ethical and 
research committee. One hundred and forty-eight 
patients of both genders and age groups between 
18-60 years were selected from the outpatient 
setting through a non-probability convenient 
sampling technique using a 5% level of significance, 
90% power of a test. The 87% proportion of effec-
tiveness of Trichloroacetic acid peel plus ascorbic 
acid cream and 67% proportion of effectiveness of 
Trichloroacetic acid peel alone in the treatment of 
melasma14. Patients with Fitzpatrick skin type III, IV, or 
V suffering from epidermal melasma for more than 3 
months and having MASI (Melasma Area and 
Severity Index) score ≥12 was enrolled in the study. 
Whereas, patients with dermal or mixed melasma, 
Fitzpatrick skin type I, II or VI, those with keloids, histo-
ry of hypertrophic scars, recurrent herpes simplex 
infections, or who received treatment for melasma 
in the last 3 months were excluded from the study to 
avoid biasness.

After taking informed consent from participants, 
detailed history and clinical examination were 
carried out. The eligible patients were randomly 
allocated into two groups (74 each). Patients in 
group A were subjected to combination therapy 
i.e., Trichloroacetic acid peel 20% (weekly) plus 
Ascorbic acid cream (once daily) while patients in 
group B were subjected to Trichloroacetic acid peel 
20% alone (weekly). Peeling was done weekly for 6 
weeks and MASI scoring was done at the initial 
baseline visit, 6th week and 3rd month of the treat-
ment. It is a reliable and systematic scoring of 
melasma severity that takes into account the mea-
surement of the area involved by allocating pre-de-
termined percentages to various areas of the face, 
darkness of the involved area by an arbitrary grad-
ing in comparison to the surrounding normal skin15,16. 
The range of the total score is 0 to 24. Efficacy of the 
study drugs was measured as reduction in 
post-treatment MASI score to 10 or below. All the 
observations, MASI scoring and peeling procedures 
were conducted under the supervision of an expert 
dermatologist.

After recording data in a pre-designed proforma, its 
analysis was done using SPSS version 20. Mean±SD was 
calculated for numerical variables like age, duration 
of melasma and MASI scores. Frequencies and 
percentages were calculated for categorical 
variables like gender, efficacy, and skin types. Effica-
cy in both treatment groups was stratified among 
gender, age, skin types, baseline MASI score and 
duration of symptoms to see the effect modification. 
Post-stratification Chi-square test was also applied 
considering p≤0.05 as statistically significant.

INTRODUCTION
Melasma is an acquired circumscribed, brown, or 
sometimes greyish brown hyperpigmentation of the 

skin that appears exclusively in sun-exposed areas, 
mostly on the face. It is more common in women 
accounting up to 90% of cases, though cases in 

RESULTS
In this experimental study, 148 patients of epidermal 
melasma were enrolled having a mean age of 
31.63±8.20 years and predominance of female 
gender i.e., 117 (79.1%). The mean duration of 
melasma symptoms was 42.59±21.56 months. Most 
of the patients i.e., 81 (54.7%) were in the age group 

>30 years whereas 67 (45.3%) patients were of age 
<30 years. The Fitzpatrick skin type analysis revealed 
type IV as the most dominant skin type (51%) 
followed by type III (35%) and type V (14%). The 
mean MASI score at the baseline visit, 6th week and 
3rd month were 18.11±3.49, 12.48±3.16 and 
7.74±3.91, respectively.

In Table 1, a comparison of the quantitative data is 
made between two treatment groups. At the start 
of treatment, no significant difference was 
observed in terms of mean age, duration of symp-
toms and MASI scores. However, in the 6th week and 
3rd month, a significant reduction in mean MASI 

scores was recorded in group A versus group B with 
a respective p-value of 0.001 and 0.012 revealing 
greater efficacy of group A combination therapy as 
shown in Figure 1. Overall, both treatments were 
found to be effective in 106 (71.6%) patients. 

To see the effect modification, data were stratified 
among different groups as mentioned in Table 2 
and Figure 2. The combination therapy used in 
Group A showed more promising results than Group 
B, particularly in certain categories like age <30 
years, female gender, Fitzpatrick skin type IV, dura-
tion of melasma <45 months, >45 months and base-

line MASI score >17 with a respective p-value of 
0.006, 0.004, 0.005, 0.031, 0.011 and 0.007. However, 
the results were different in some categories like 
age>30 years and baseline MASI score <17 but they 
did not reach the level of significance (p-value 
0.053 and 0.055).

Parameter
Group A

(Trichloroacetic acid peel 
+ Ascorbic acid)

Group B
(Trichloroacetic acid peel)

p-Value*

Age (years) 31.82±8.23 31.43±8.22 0.772

Duration (months) 44.22±20.47 40.96±22.61 0.360

Baseline MASI score 17.99±3.48 18.24±3.52 0.656

MASI score in 6th week 10.66±4.42 12.28±3.17 0.001

MASI score in 3rd month 6.62±3.36 8.23±4.34 0.012

Table 1: Comparison of variables between treatment groups.

Figure 1: Comparative efficacy of the drugs.

 *Independent sample t-test, MASI: Melasma Area and Severity Index.

First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  
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DISCUSSION
The combination of trichloroacetic acid peel and 
ascorbic acid was more effective than trichloro-
acetic acid peel alone. Melasma is a troublesome 

condition affecting mostly the younger age groups. 
It is difficult to manage due to its relapsing nature so 
physician’s main aim is to achieve the tailored goals 
with a variety of treatment modalities but no single 

Table 2: Stratification of drug efficacy among different groups, age, and gender.

Figure 2: Stratification of drug efficacies among Melasma Area and Severity Index (MASI) scores, melasma 
duration and skin types.

*Chi-square test, Trichloroacetic Acid (TCA).

Efficacy

Group A
(TCA peel + Ascorbic acid)

Group B
(TCA peel)

p-Value*

Count
Within-
group

%

Within 
efficacy%

Count
Within-
group

%

Within
Efficacy%

Comparison of efficacy among groups for age <30 years

Effective 28 87.5% 58.3% 20 57.1% 41.7%
0.006Non-effective 4 12.5% 21.1% 15 42.9% 78.9%

Total 32 100% 47.8% 35 100% 52.2%

Comparison of efficacy among groups for age >30 years

Effective 34 81% 58.6% 24 61.5% 41.4%

0.053Non-effective 8 19% 34.8% 15 38.5% 65.2%

Total 42 100% 51.9% 39 100% 48.1%

Comparison of efficacy among groups for the male gender

Effective 16 88.9% 64% 9 69.2% 36%

0.172Non-effective 2 11.1% 33.3% 4 30.8% 66.7%

Total 18 100% 58.1% 13 100% 41.9%

Comparison of efficacy among groups for the female gender

Effective 46 82.1% 56.8% 35 57.4% 43.2%

0.004Non-effective 10 17.9% 27.8% 26 42.6% 72.2%

Total 56 100% 47.9% 61 100% 52.1%

remedy is 100% effective1,3,5. In epidermal melasma, 
certain melanocytes get hyper-activated upon 
exposure to UV rays under the influence of genetic 
background and female hormones17. Therefore, 
inhibition of melanin synthesis is the mainstay of 
management. Peeling agents in this regard have 
shown promising results with better efficacy and 
feasibility of outdoor procedures11. Trichloroacetic 
acid has become the gold standard of chemical 
peeling agents which remove the unwanted mela-
nin by causing a controlled chemical exfoliation of 
the skin18. In literature, enough evidence is available 
about its effectiveness as an individual peeling 
agent but less is known about its use in combination. 
Topical ascorbic acid is reported to augment the 
treatment response of peeling agents13,19.

Based on the above data, we wanted to evaluate 
the efficacy of TCA peel alone and in combination 
with topical ascorbic acid in the local patients of 
epidermal melasma with skin types II, III and IV by 
recruiting 74 subjects in each treatment group. 
Results displayed that combination therapy was 
more effective than monotherapy (83.8% versus 
59.5%). A similar study was conducted in 2007 by 
Soliman et al. but on a very small sample size of only 
15 patients in each treatment group without includ-
ing the Fitzpatrick skin type V14. In our study the 
mean age of patients was 31.63 years with the age 
range of 23 to 39 years, resembling the findings of 
the study by Javaheri et al. with a mean age of 
32.30 years ranging from 24 to 45 years20.

In some studies, researchers compared TCA mono-
therapy with other drug combinations e.g., Murtaza 
et al. compared the efficacy of TCA Peel alone with 
combined topical magnesium ascorbyl phosphate 
showing a significant reduction in MASI score in the 
combination treatment group as compared to TCA 
peel alone (81.1% versus 66.2%) somewhat like our 
results. Moreover, there are some other similarities 
like the predominance of female gender and 
distribution pattern of Fitzpatrick skin types display-
ing type IV as the most common type5. 

Dayal et al 21 validated the earlier findings of 
Soliman et al. and Murtaza et al. They compared 
the MASI scores and Melasma Quality of Life scores 
in both treatment groups where the respective 
mean baseline MASI scores in the combination 
group and control group were 23.55±4.61 and 
23.61±4.08 while at the end of the 6th week, scores 
were 9.50±5.31 and 15.10±4.44. Our study demon-
strated the mean MASI scores for the combination 
group and TCA alone group as 17.99±3.48 and 
18.24±3.52 versus 6.62±3.36 and 8.23±4.34 at the 
start and end of treatment, respectively. The base-
line scores were less in our study but this could be 
due to the difference in presentation time of 
patients. Overall, both studies favor the use of com-

bination drug therapy.

We had also stratified the data to see the effect of 
modifications. The combination therapy was found 
to be more efficacious than monotherapy for most 
of the sub-groups like age <30 years, female 
gender, Fitzpatrick skin type IV, duration of melasma 
<45 months, >45 months and baseline MASI score 
>17, signifying the importance of this drug combina-
tion. Surveys showed that conditions that need 
prolonged treatment or exhibit slow responses to 
medications always harm self-esteem. The immedi-
ate response of chemical peeling improves the 
quality of life of patients by increasing their self-es-
teem6,22. In patients where the peeling process is 
unbearable due to severe side-effects or other 
objective reasons, ascorbic acid alone in the form 
of topical application can be served as a good 
alternative with comparable results23. It has shown 
relatively better results than some of its competitors 
when used as a sole agent in the treatment of 
melasma14,24. It reduces the synthesis of melanin by 
affecting the activity of tyrosinase25. In addition, it 
also exhibits the antioxidant effect (preventing the 
production of free radicals that trigger melanogen-
esis) and the photoprotective effect (preventing 
the absorption of UV rays)26.

There were also some limitations in this study: small 
sample size, inclusion of patients with epidermal 
melasma only and lack of data regarding recur-
rence among the treated patients. Multicenter 
studies with a large sample size including patients of 
epidermal, dermal, and mixed melasma, along with 
a follow-up period of longer duration are required 
to validate the results.

CONCLUSION
The combination of trichloroacetic acid peel and 
topical ascorbic acid was found more effective 
than trichloroacetic acid peel alone in the treat-
ment of epidermal melasma. We also observed 
Fitzpatrick type IV (51%) as the dominant skin type. 
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First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  
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DISCUSSION
The combination of trichloroacetic acid peel and 
ascorbic acid was more effective than trichloro-
acetic acid peel alone. Melasma is a troublesome 

condition affecting mostly the younger age groups. 
It is difficult to manage due to its relapsing nature so 
physician’s main aim is to achieve the tailored goals 
with a variety of treatment modalities but no single 

remedy is 100% effective1,3,5. In epidermal melasma, 
certain melanocytes get hyper-activated upon 
exposure to UV rays under the influence of genetic 
background and female hormones17. Therefore, 
inhibition of melanin synthesis is the mainstay of 
management. Peeling agents in this regard have 
shown promising results with better efficacy and 
feasibility of outdoor procedures11. Trichloroacetic 
acid has become the gold standard of chemical 
peeling agents which remove the unwanted mela-
nin by causing a controlled chemical exfoliation of 
the skin18. In literature, enough evidence is available 
about its effectiveness as an individual peeling 
agent but less is known about its use in combination. 
Topical ascorbic acid is reported to augment the 
treatment response of peeling agents13,19.

Based on the above data, we wanted to evaluate 
the efficacy of TCA peel alone and in combination 
with topical ascorbic acid in the local patients of 
epidermal melasma with skin types II, III and IV by 
recruiting 74 subjects in each treatment group. 
Results displayed that combination therapy was 
more effective than monotherapy (83.8% versus 
59.5%). A similar study was conducted in 2007 by 
Soliman et al. but on a very small sample size of only 
15 patients in each treatment group without includ-
ing the Fitzpatrick skin type V14. In our study the 
mean age of patients was 31.63 years with the age 
range of 23 to 39 years, resembling the findings of 
the study by Javaheri et al. with a mean age of 
32.30 years ranging from 24 to 45 years20.

In some studies, researchers compared TCA mono-
therapy with other drug combinations e.g., Murtaza 
et al. compared the efficacy of TCA Peel alone with 
combined topical magnesium ascorbyl phosphate 
showing a significant reduction in MASI score in the 
combination treatment group as compared to TCA 
peel alone (81.1% versus 66.2%) somewhat like our 
results. Moreover, there are some other similarities 
like the predominance of female gender and 
distribution pattern of Fitzpatrick skin types display-
ing type IV as the most common type5. 

Dayal et al 21 validated the earlier findings of 
Soliman et al. and Murtaza et al. They compared 
the MASI scores and Melasma Quality of Life scores 
in both treatment groups where the respective 
mean baseline MASI scores in the combination 
group and control group were 23.55±4.61 and 
23.61±4.08 while at the end of the 6th week, scores 
were 9.50±5.31 and 15.10±4.44. Our study demon-
strated the mean MASI scores for the combination 
group and TCA alone group as 17.99±3.48 and 
18.24±3.52 versus 6.62±3.36 and 8.23±4.34 at the 
start and end of treatment, respectively. The base-
line scores were less in our study but this could be 
due to the difference in presentation time of 
patients. Overall, both studies favor the use of com-

bination drug therapy.

We had also stratified the data to see the effect of 
modifications. The combination therapy was found 
to be more efficacious than monotherapy for most 
of the sub-groups like age <30 years, female 
gender, Fitzpatrick skin type IV, duration of melasma 
<45 months, >45 months and baseline MASI score 
>17, signifying the importance of this drug combina-
tion. Surveys showed that conditions that need 
prolonged treatment or exhibit slow responses to 
medications always harm self-esteem. The immedi-
ate response of chemical peeling improves the 
quality of life of patients by increasing their self-es-
teem6,22. In patients where the peeling process is 
unbearable due to severe side-effects or other 
objective reasons, ascorbic acid alone in the form 
of topical application can be served as a good 
alternative with comparable results23. It has shown 
relatively better results than some of its competitors 
when used as a sole agent in the treatment of 
melasma14,24. It reduces the synthesis of melanin by 
affecting the activity of tyrosinase25. In addition, it 
also exhibits the antioxidant effect (preventing the 
production of free radicals that trigger melanogen-
esis) and the photoprotective effect (preventing 
the absorption of UV rays)26.

There were also some limitations in this study: small 
sample size, inclusion of patients with epidermal 
melasma only and lack of data regarding recur-
rence among the treated patients. Multicenter 
studies with a large sample size including patients of 
epidermal, dermal, and mixed melasma, along with 
a follow-up period of longer duration are required 
to validate the results.

CONCLUSION
The combination of trichloroacetic acid peel and 
topical ascorbic acid was found more effective 
than trichloroacetic acid peel alone in the treat-
ment of epidermal melasma. We also observed 
Fitzpatrick type IV (51%) as the dominant skin type. 
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First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  
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DISCUSSION
The combination of trichloroacetic acid peel and 
ascorbic acid was more effective than trichloro-
acetic acid peel alone. Melasma is a troublesome 

condition affecting mostly the younger age groups. 
It is difficult to manage due to its relapsing nature so 
physician’s main aim is to achieve the tailored goals 
with a variety of treatment modalities but no single 

remedy is 100% effective1,3,5. In epidermal melasma, 
certain melanocytes get hyper-activated upon 
exposure to UV rays under the influence of genetic 
background and female hormones17. Therefore, 
inhibition of melanin synthesis is the mainstay of 
management. Peeling agents in this regard have 
shown promising results with better efficacy and 
feasibility of outdoor procedures11. Trichloroacetic 
acid has become the gold standard of chemical 
peeling agents which remove the unwanted mela-
nin by causing a controlled chemical exfoliation of 
the skin18. In literature, enough evidence is available 
about its effectiveness as an individual peeling 
agent but less is known about its use in combination. 
Topical ascorbic acid is reported to augment the 
treatment response of peeling agents13,19.

Based on the above data, we wanted to evaluate 
the efficacy of TCA peel alone and in combination 
with topical ascorbic acid in the local patients of 
epidermal melasma with skin types II, III and IV by 
recruiting 74 subjects in each treatment group. 
Results displayed that combination therapy was 
more effective than monotherapy (83.8% versus 
59.5%). A similar study was conducted in 2007 by 
Soliman et al. but on a very small sample size of only 
15 patients in each treatment group without includ-
ing the Fitzpatrick skin type V14. In our study the 
mean age of patients was 31.63 years with the age 
range of 23 to 39 years, resembling the findings of 
the study by Javaheri et al. with a mean age of 
32.30 years ranging from 24 to 45 years20.

In some studies, researchers compared TCA mono-
therapy with other drug combinations e.g., Murtaza 
et al. compared the efficacy of TCA Peel alone with 
combined topical magnesium ascorbyl phosphate 
showing a significant reduction in MASI score in the 
combination treatment group as compared to TCA 
peel alone (81.1% versus 66.2%) somewhat like our 
results. Moreover, there are some other similarities 
like the predominance of female gender and 
distribution pattern of Fitzpatrick skin types display-
ing type IV as the most common type5. 

Dayal et al 21 validated the earlier findings of 
Soliman et al. and Murtaza et al. They compared 
the MASI scores and Melasma Quality of Life scores 
in both treatment groups where the respective 
mean baseline MASI scores in the combination 
group and control group were 23.55±4.61 and 
23.61±4.08 while at the end of the 6th week, scores 
were 9.50±5.31 and 15.10±4.44. Our study demon-
strated the mean MASI scores for the combination 
group and TCA alone group as 17.99±3.48 and 
18.24±3.52 versus 6.62±3.36 and 8.23±4.34 at the 
start and end of treatment, respectively. The base-
line scores were less in our study but this could be 
due to the difference in presentation time of 
patients. Overall, both studies favor the use of com-

bination drug therapy.

We had also stratified the data to see the effect of 
modifications. The combination therapy was found 
to be more efficacious than monotherapy for most 
of the sub-groups like age <30 years, female 
gender, Fitzpatrick skin type IV, duration of melasma 
<45 months, >45 months and baseline MASI score 
>17, signifying the importance of this drug combina-
tion. Surveys showed that conditions that need 
prolonged treatment or exhibit slow responses to 
medications always harm self-esteem. The immedi-
ate response of chemical peeling improves the 
quality of life of patients by increasing their self-es-
teem6,22. In patients where the peeling process is 
unbearable due to severe side-effects or other 
objective reasons, ascorbic acid alone in the form 
of topical application can be served as a good 
alternative with comparable results23. It has shown 
relatively better results than some of its competitors 
when used as a sole agent in the treatment of 
melasma14,24. It reduces the synthesis of melanin by 
affecting the activity of tyrosinase25. In addition, it 
also exhibits the antioxidant effect (preventing the 
production of free radicals that trigger melanogen-
esis) and the photoprotective effect (preventing 
the absorption of UV rays)26.

There were also some limitations in this study: small 
sample size, inclusion of patients with epidermal 
melasma only and lack of data regarding recur-
rence among the treated patients. Multicenter 
studies with a large sample size including patients of 
epidermal, dermal, and mixed melasma, along with 
a follow-up period of longer duration are required 
to validate the results.

CONCLUSION
The combination of trichloroacetic acid peel and 
topical ascorbic acid was found more effective 
than trichloroacetic acid peel alone in the treat-
ment of epidermal melasma. We also observed 
Fitzpatrick type IV (51%) as the dominant skin type. 
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First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  
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DISCUSSION
The combination of trichloroacetic acid peel and 
ascorbic acid was more effective than trichloro-
acetic acid peel alone. Melasma is a troublesome 

condition affecting mostly the younger age groups. 
It is difficult to manage due to its relapsing nature so 
physician’s main aim is to achieve the tailored goals 
with a variety of treatment modalities but no single 

remedy is 100% effective1,3,5. In epidermal melasma, 
certain melanocytes get hyper-activated upon 
exposure to UV rays under the influence of genetic 
background and female hormones17. Therefore, 
inhibition of melanin synthesis is the mainstay of 
management. Peeling agents in this regard have 
shown promising results with better efficacy and 
feasibility of outdoor procedures11. Trichloroacetic 
acid has become the gold standard of chemical 
peeling agents which remove the unwanted mela-
nin by causing a controlled chemical exfoliation of 
the skin18. In literature, enough evidence is available 
about its effectiveness as an individual peeling 
agent but less is known about its use in combination. 
Topical ascorbic acid is reported to augment the 
treatment response of peeling agents13,19.

Based on the above data, we wanted to evaluate 
the efficacy of TCA peel alone and in combination 
with topical ascorbic acid in the local patients of 
epidermal melasma with skin types II, III and IV by 
recruiting 74 subjects in each treatment group. 
Results displayed that combination therapy was 
more effective than monotherapy (83.8% versus 
59.5%). A similar study was conducted in 2007 by 
Soliman et al. but on a very small sample size of only 
15 patients in each treatment group without includ-
ing the Fitzpatrick skin type V14. In our study the 
mean age of patients was 31.63 years with the age 
range of 23 to 39 years, resembling the findings of 
the study by Javaheri et al. with a mean age of 
32.30 years ranging from 24 to 45 years20.

In some studies, researchers compared TCA mono-
therapy with other drug combinations e.g., Murtaza 
et al. compared the efficacy of TCA Peel alone with 
combined topical magnesium ascorbyl phosphate 
showing a significant reduction in MASI score in the 
combination treatment group as compared to TCA 
peel alone (81.1% versus 66.2%) somewhat like our 
results. Moreover, there are some other similarities 
like the predominance of female gender and 
distribution pattern of Fitzpatrick skin types display-
ing type IV as the most common type5. 

Dayal et al 21 validated the earlier findings of 
Soliman et al. and Murtaza et al. They compared 
the MASI scores and Melasma Quality of Life scores 
in both treatment groups where the respective 
mean baseline MASI scores in the combination 
group and control group were 23.55±4.61 and 
23.61±4.08 while at the end of the 6th week, scores 
were 9.50±5.31 and 15.10±4.44. Our study demon-
strated the mean MASI scores for the combination 
group and TCA alone group as 17.99±3.48 and 
18.24±3.52 versus 6.62±3.36 and 8.23±4.34 at the 
start and end of treatment, respectively. The base-
line scores were less in our study but this could be 
due to the difference in presentation time of 
patients. Overall, both studies favor the use of com-

bination drug therapy.

We had also stratified the data to see the effect of 
modifications. The combination therapy was found 
to be more efficacious than monotherapy for most 
of the sub-groups like age <30 years, female 
gender, Fitzpatrick skin type IV, duration of melasma 
<45 months, >45 months and baseline MASI score 
>17, signifying the importance of this drug combina-
tion. Surveys showed that conditions that need 
prolonged treatment or exhibit slow responses to 
medications always harm self-esteem. The immedi-
ate response of chemical peeling improves the 
quality of life of patients by increasing their self-es-
teem6,22. In patients where the peeling process is 
unbearable due to severe side-effects or other 
objective reasons, ascorbic acid alone in the form 
of topical application can be served as a good 
alternative with comparable results23. It has shown 
relatively better results than some of its competitors 
when used as a sole agent in the treatment of 
melasma14,24. It reduces the synthesis of melanin by 
affecting the activity of tyrosinase25. In addition, it 
also exhibits the antioxidant effect (preventing the 
production of free radicals that trigger melanogen-
esis) and the photoprotective effect (preventing 
the absorption of UV rays)26.

There were also some limitations in this study: small 
sample size, inclusion of patients with epidermal 
melasma only and lack of data regarding recur-
rence among the treated patients. Multicenter 
studies with a large sample size including patients of 
epidermal, dermal, and mixed melasma, along with 
a follow-up period of longer duration are required 
to validate the results.

CONCLUSION
The combination of trichloroacetic acid peel and 
topical ascorbic acid was found more effective 
than trichloroacetic acid peel alone in the treat-
ment of epidermal melasma. We also observed 
Fitzpatrick type IV (51%) as the dominant skin type. 
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First-generation β-blockers nonselective β-block-
ers: Propranolol
Propranolol was the first developed b-blocker used 
in clinical practice in 1964. Propranolol is a lipophilic 
substance that can cross the blood-brain barrier. It 
has good absorption when taken orally, however, it 
is subject to the first-pass metabolism, with only 25% 
of the medication reaching the systemic circula-
tion. Propranolol has a large volume of (near 4L/kg), 
90% plasma protein binding, and a short half-life (3-6 
hours) 10,11. Propranolol reduces systolic and diastolic 
BP, as well as cardiac output and renin-angiotensin 
system activity11.

Propranolol’s antihypertensive effect on diastolic 
and systolic blood pressure has been described in 
prior studies12. It is found that two or four daily 
dosages of propranolol (160-320 mg) were effective 
in lowering blood pressure in hypertensive patients 
to normal values12. According to the recent review, 
propranolol has emerged as a valuable tool for 

clinicians in the cost-effective treatment of hyper-
tension. Propranolol does not cause postural or 
exercise hypotension, and it appears to be more 
patient-friendly than other medications. The best 
management of supine blood pressure is usually 
achieved with propranolol13. 

The non-selective β-adrenergic antagonism of 
propranolol can induce major adverse effects, such 
as bronchospasm in people with asthma or chronic 
obstructive pulmonary disease, which are linked to β
2-receptor antagonism. Furthermore, due to β2 
antagonism on the peripheral vasculature, proprano-
lol may raise peripheral vascular resistance10,13. 
However, more propranolol comparison trials are 
needed to determine the effect and safety in differ-
ent populations.

Pindolol
Pindolol is a β-adrenergic blocker that has equally 
potent activity on βl- and β2 adrenoceptors and 

holds partial agonist activity. It has a high systemic 
availability due to its minimal first-pass effect. Pindo-
lol’s duration of action is longer than propranolol’s. 
Pindolol is quickly and completely absorbed and 
after 1.5 to 2 hours reaches its maximum plasma 
level. It has a half-life of 3-4 hours, and 40% of the 
medication is excreted unaltered in the urine14.

Pindolol is commonly given twice or three times a 
day in the treatment of hypertension. However, it is 
also reported that the β-blocking action of a single 
oral dose of 10 mg pindolol has been observed to 
last for 24 hours15. According to a previously 
published review which evaluates several hundred 
clinical trials performed in many countries reported 
that BP reductions achieved with pindolol were not 
statistically different from those achieved with other 
beta-blockers, whether cardio-selective (metopro-
lol, atenolol) or not (propranolol, timolol, nadolol). 
Pindolol slowed the resting heart rate less than the 
other five medications. Pindolol caused less brady-
cardia than propranolol16.

Although pindolol is as effective as propranolol in 
the treatment of hypertension, however, it is report-
ed that central nervous system adverse effects 
were more frequent with pindolol. A “ceiling effect” 
may occur as dosages are increased above 20 to 
30 mg/day, which means that further BP decreases 
may not be possible. Some individuals will experi-
ence a paradoxical increase in BP with an increase 
in dose17.

The second-generation β-blockers Selective β-1 
blockers: Atenolol
Atenolol is a second-generation β1-selective adrener-
gic antagonist used to treat hypertension. Atenolol 
was developed in 1973. Atenolol is a hydrophilic medi-
cation with a 50% absorption rate. It has a half-life of 
5-8 hours and is predominantly removed via the renal 
route without any biotransformation11. Atenolol binds 
to β-1 adrenergic receptors in vascular smooth 
muscle and the heart and inhibiting the positive 
inotropic and chronotropic effects of endogenous 
catecholamines (isoproterenol, norepinephrine, and 
epinephrine), and thus block the sympathetic stimula-
tion. Heart rate, BP, and cardiac contractility 
decrease due to this activity18.

Atenolol is one of the most frequently used β-blockers 
in clinical practice, and it is frequently employed as a 
reference medication in hypertension randomized 
controlled trials19. Previous research has shown that 
atenolol, either alone or in combination with other 
antihypertensive medications is effective in the treat-
ment of hypertension18. A recently published meta- 
analysis revealed that the weaker ability of non-vaso-
dilation β-blockers (mostly atenolol) to reduce central 
vs peripheral systolic blood pressure occurred mostly 
from heart rate reduction19. According to a 

meta-analysis of five trials (17,671 participants) 
comparing atenolol to other antihypertensive drugs, 
atenolol has, similar efficacy to the other drugs in 
terms of lowering BP, but there was significantly higher 
mortality in the atenolol group for the 4.6-year 
follow-up period. Importantly, the atenolol group had 
also a higher risk of cardiovascular death and stroke20.

Furthermore, a recent randomized controlled study 
revealed that bisoprolol might have an improved 
effect on central aortic pressure than atenolol21. 
According to an Indian study conducted among 
440 hypertensive patients, atenolol induced cold 
extremities (1.18%), headache and dizziness (1.41%), 
dyspnea (0.94%), edema (0.70%), and bradycardia 
(0.47%) 22. Additionally, an Ethiopian study conduct-
ed at an ambulatory clinic in a tertiary care hospital 
showed observed patients with atenolol therapy 
experienced swollen feet/legs and cold hands/feet 
as an adverse effect23. According to Carlberg et al., 
the suitability and efficacy of atenolol as an antihy-
pertensive medication is presently debatable and 
its use as a reference drug in antihypertensive thera-
py trials might no longer be appropriate20.

Metoprolol
Metoprolol, second-generation β-blockers was 
introduced in 1973. Metoprolol is a non-vasodilating 
β-1 adrenergic antagonist licensed by the Food 
and Drug Administration (FDA) for hypertension. 
Lipophilicity, high absorption rate, widespread 
first-pass metabolism, and a half-life of 3 to 4 hours 
are the key pharmacokinetic features of metopro-
lol24. A randomized trial found that metoprolol 
improved endothelial function and carotid artery 
flexibility while also lowering BP in mildly hyperten-
sive subjects25. It is reported that the animals’ blood 
pressure reduced after the administration of oral 
metoprolol (0.7 mmol/kg) administration for 
5-months. A similar effect was also observed with 
intravenous (15 μmol/kg) administration of metopr-
olol for four days26. 

An antihypertensive effect has also been seen in 
hypertensive individuals treated with metoprolol 
(25-200 mg). Metoprolol reduced both systolic and 
diastolic BP to normal levels after six months of treat-
ment, with no change in left ventricular mass. These 
findings revealed an antihypertensive effect of 
metoprolol without an antihypertrophic outcome. 
However, on the other hand, metoprolol-treated 
patients were more likely to feel fatigued, increased 
perspiration, and have sleep difficulties. Further-
more, greater doses of metoprolol have a higher risk 
of causing adverse effects 27.

Bisoprolol
Bisoprolol is an effective and safe antihypertensive 
drug due to its strong β1-selectivity, long duration of 
action, and favorable pharmacokinetic features21. 

Bisoprolol is a low lipophilic drug with a long half-life (9 
to 12 hours) and high bioavailability (80%) compared 
to most β-blockers, which have reduced bioavailabili-
ty due to significant first-pass metabolism28. 

Bisoprolol, like other β1-blockers, has a negative 
inotropic and chronotropic effect, which means it 
reduces heart rate and force of contractions. Bisop-
rolol also lowers myocardial cell oxygen consump-
tion21,28. Bisoprolol has been extensively studied for 
the treatment of essential hypertension all over the 
world29. FDA approved bisoprolol for hypertension 
therapy10. According to a multicentric observation-
al study, bisoprolol can be utilized as a first-line treat-
ment for people with stage I essential hypertension. 
Bradycardia is a commonly reported adverse effect 
of bisoprolol due to its negative chronotropic and 
inotropic effects29.

Betaxolol
Betaxolol is a strong long-acting β1-selective adren-
ergic blocker30. It has a minimal membrane-stabiliz-
ing (local anesthetic) effect and no partial agonist 
(intrinsic sympathomimetic) activity30. According to 
the FDA, topical betaxolol is indicated for patients 
with ocular hypertension and chronic open-angle 
glaucoma. The FDA has approved its use to treat 
essential hypertension in its systemic form31. The 
bioavailability of betaxolol after oral administration 
ranges from 80 to 89% and is unaffected by the 
presence of food in the gut. Betaxolol is distributed 
in several places, including the placenta and milk. It 
is converted primarily into inactive metabolites and 
excreted through urine; however, some unaltered 
drug (about 15% of a dose) is also excreted. It has a 
long half-life (14 to 22 hours), which is prolonged by 
severe renal impairment but not by hepatic failure31. 
Its half-life is also longer in older people and 
newborn babies. Otherwise, its pharmacokinetic 
behavior in infants and adults is nearly the same32. 

Betaxolol single oral dose (10 to 20 mg per day) is 
advised as a starting dose for mild to severe hyper-
tension. Betaxolol’s antihypertensive effect has 
been studied in several trials. These studies reported 
that 20mg daily dose was found to be the most 
effective in most people with mild hypertension32. 
Most patients have responded favorably to betaxo-
lol, but long-term experience (greater than a year) 
is limited to a small number of patients. A few cases 
of severe bradycardia have been reported mostly 
in elderly individuals or those given a higher dose 
(40 mg/day). Bronchoconstriction has only been 
recorded in rare cases. The most typically reported 
adverse reactions were mild central symptoms such 
as fatigue and headaches30.

Acebutolol
Acebutolol, a cardio-selective β1-receptor blocker 
with some intrinsic sympathomimetic activity (ISA) 

and has been demonstrated to be useful in treating 
hypertension33. Acebutolol is quickly absorbed and 
has a long terminal half-life (8-1 1 h). It is revealed 
that acebutolol appeared to be both a safe and 
effective antihypertensive drug than a placebo33. 

Acebutolol is effective in the treatment of mild to 
moderately severe essential hypertension, and it is 
better tolerated than propranolol in terms of central 
nervous system (CNS) adverse effects with a 
much-reduced effect on heart rate34. Once-daily 
acebutolol as monotherapy is claimed to give 
effective control in a vast majority of people with 
mild to moderate essential hypertension, and when 
administered in conjunction with diuretics results in a 
further reduction in BP. Acebutolol, on the other 
hand, has documented side effects include 
dizziness, headache, fatigue, and gastrointestinal 
distress, which are also common with all β block-
ers35.

Celiprolol
Celiprolol is a second-generation β1-adrenoceptor 
antagonist with partial β2 agonist action. It has an 
antihypertensive activity like other blockers, but it 
lacks the typical adverse effects (bronchoconstric-
tion, left ventricular function depression, and 
peripheral vasoconstriction) of the class due to its β
2 agonist action36. It is documented that celiprolol 
decreases arteriolar resistance and enhances 
blood flow without impairing the heart function37. A 
single (400-mg) oral dose lowered standing diastolic 
BP by around 10% in healthy people while having 
little effect on systolic BP. When compared to 
propranolol, celiprolol does not produce clinically 
significant bradycardia, and it causes less dizziness, 
fatigue, and tiredness than atenolol which indicates 
its better tolerability profile38. Patients with cardio-
genic shock, second- or third-degree heart block-
age, severe bradycardia, and decompensated 
heart failure should not be used celiprolol38.

Celiprolol has been proven in multiple studies to not 
affect respiratory activity in chronic obstructive 
pulmonary disease or asthmatic patients39. Howev-
er, there have been reports of asthma and bron-
chospasm in individuals using celiprolol38, as well as 
a case of hypersensitivity pneumonitis that recurred 
after the medicine was reintroduced40. As a result, 
celiprolol should be used with caution in individuals 
with lung disease, and respiratory symptoms moni-
toring is still suggested in adults without lung illness37.

Practolol
Practolol, a second-generation β-adrenergic blocker 
introduced in 1968. Practolol inhibits the actions of the 
catecholamines epinephrine and norepinephrine by 
binding to β1-adrenergic receptors, lowering heart 
rate, cardiac output, and systolic and diastolic BP. 
Practolol is unique in that it is almost fully removed by 

renal elimination primarily through glomerular filtration 
with a half-life of 9-12 hours41.

Antihypertensive effects of practolol were studied in 
previous studies, and it was observed that practolol 
had a good and nearly equal antihypertensive 
effect as other β1-selective blockers42. However, 
oculomucocutaneous syndrome, which affects the 
skin, eyes, oral and nasal mucous membranes, ears, 
and the peritoneum is the most common adverse 
reaction linked with practolol. Muscle cramps, heart 
failure, bradycardia, hypotension, and broncho-
spasm were all reported with practolol therapy. As a 
result, practolol is no longer available in some coun-
tries, and its usage is restricted in others43.

Third generation β-blockers: Labetalol
Kennedy and Levy verified in 1975 that labetalol is 
the first representative of the third generation 
β-blockers, which inhibited isoprenaline-induced 
increases in contractile force, and heart rate. 
Furthermore, labetalol (3 mg/kg) was found to 
reduce the hypertensive effect of noradrenaline in 
vivo44. Labetalol also has a β -adrenergic antagonist 
effect in addition to α1-adrenergic antagonism. In 
terms of pharmacokinetic properties, labetalol is a 
medication with a rapid absorption rate, an exten-
sive first-pass metabolism, and a half-life of 3 to 8 
hours11. Labetalol is absorbed after oral administra-
tion with a wide range of bioavailability (11-86%) 
and peak plasma levels were reported in hyperten-
sive individuals after administration of 100 and 200 
mg dosages45.

Labetalol is an antihypertensive drug that can be 
used orally or intravenously. Labetalol hydrochloride 
is an injectable antihypertensive medication 
approved by the FDA46. A randomized control trial 
revealed that labetalol control BP (mean systolic 
and diastolic BP) in pregnant women with chronic 
hypertension47. According to a recent study, 
labetalol reduced arterial blood pressure in dogs 
with a non-significant increase in heart rate as a 
therapy for perioperative non-nociceptive acute 
hypertension48. 

Several studies on labetalol treatment in large 
groups of people examined the nature and 
frequency of adverse effects. Nausea, vomiting, 
stomach discomfort, diarrhea, and constipation are 
among the non-specific gastrointestinal side effects 
reported by up to 15% of the patients49. Tiredness, 
headaches, and skin rashes are some of the less 
commonly reported non-specific adverse effects. 
The most troublesome adverse effect of labetalol 
medication is posture-related dizziness, which 
affects roughly 5% of patients and is caused by an 
α-adrenoceptor blockade. It occurs more frequent-
ly in the early phases of treatment and when the 
medicine is given in higher doses50. Asthma, muscle 

spasms, heart failure, and symptoms of a vivid 
dream are uncommon (frequency of 3% or less) side 
effects associated with labetalol’s β-adrenoceptor 
blocking action. β adrenoceptor blockade side 
effects are often less troublesome with labetalol 
than pure β-adrenoceptor blockers45.

Carvedilol
Carvedilol is a non-selective third-generation 
β-blocker that also inhibits α1-adrenergic receptors. 
Carvedilol is a unique, multi-action cardiovascular 
medication that has been approved for hyperten-
sion in several countries51. Carvedilol has a half-life 
of 7 to 10 hours in most people which necessitates its 
twice-daily administration. Carvedilol is a lipophilic 
medication with a high absorption rate that goes 
through extensive first-pass biotransformation10,11.

Meyer-Sabellek et al. administered two doses of 
carvedilol daily for twelve months or a single dose 
for six months to hypertensive patients and found 
that both systolic and diastolic BP were reduced to 
normal values. Carvedilol lowers BP within two hours 
after administration. This response was sustained for 
24 hours and this characteristic was not observed in 
the first and second generations β-blockers52. 
Messerli and Grossman reported that the carvedilol 
α-blocking action may counterbalance some of 
the unfavorable chronotropic and inotropic effects 
associated with older β-blockers and may have a 
greater beneficial outcome on cardiovascular 
function in elderly patients53. Based on the current 
evidence, carvedilol could be a useful option tool in 
the clinicians’ hands during the difficult task of 
hypertension management. Edema, bradycardia, 
nausea, diarrhea, dizziness, hypotension, and 
blurred vision were the most prevalent side effects 
observed with carvedilol54.

Nebivolol
Nebivolol is the latest third-generation β-blocker 
with a β1 antagonistic effect and was first launched 
in 198810. Nebivolol is highly β1-selective at dosages 
of 10 mg/day with a 320-fold higher affinity for β1 
than β2 receptors in human myocardial cells. Nebiv-
olol is a well-absorbed medication that undergoes 
extensive first-pass biotransformation. Its half-life is 
around 12 hours but is prolonged to 19  h in poor 
metabolizer populations, and it is mostly eliminated 
by feces (44%) and urine (37%) 11. Nebivolol was 
found to lower BP in hypertensive rats at lower doses 
than propranolol and atenolol. It increases nitric 
oxide-induced vasodilation by triggering endotheli-
al nitric oxide synthase through β3 agonism. This 
process differs from that of other vasodilatory 
β-blockers (carvedilol, labetalol), which work by 
blocking α-adrenergic receptors. In the United 
States, nebivolol is permitted for hypertension treat-
ment, while in Europe, it is licensed for hypertension 
and heart failure55.

Several clinical investigations with different doses 
(ranging from 5 to 40 mg/day) have examined its 
antihypertensive impact based on its pharmaco-
logical properties. Both systolic and diastolic BP was 
reduced in these studies, confirming its antihyper-
tensive action56. In hypertensive rats, Ceron et al. 
examined the nebivolol and metoprolol effects and 
reported that both β-adrenergic antagonists were 
antihypertensive, but only nebivolol produced 
antihypertrophic effects in the aortic tissue, as well 
as systemic and vascular antioxidant benefits. 
Neither of these effects was found after therapy 
with metoprolol57. Age does not affect the pharma-
cokinetics of nebivolol. However, for people over 
the age of 65, the suggested starting dose is 2.5 mg 
per day. This is following the fact that many other 
antihypertensive medications are reduced in dose 
for elderly individuals. Nebivolol is also effective in 
lowering cardiovascular illness and death in older 
individuals with heart failure58. According to Coats 
and Jain, nebivolol is a promising antihypertensive 
medication with excellent antioxidative character-
istics due to its ability to release nitric oxide59.  

It has demonstrated significant efficacy and safety 
in lowering BP and avoiding organ damage, as well 
as its ability to act as an effective disease-modifying 
agent in elderly heart failure patients regardless of 
left ventricular ejection fraction, making it a promis-
ing treatment choice for high-risk hypertension59. 
The rate of discontinuation owing to adverse events 
(AEs) among nebivolol-treated patients (all dosag-
es) was reported to be low (2.6%) and equivalent to 
placebo (2.0%). The most prevalent AEs in nebivolol 
patients were headache (7.1% vs. 5.9% for place-
bo), fatigue (3.6 % vs. 1.5 percent), and dizziness 
(2.9% vs. 2.0 percent) 55. According to the recent 
Korean study conducted among 3250 participants 
reported that nebivolol can be utilized to improve 
BP outcomes in hypertensive patients with and 
without comorbidities, either alone or in conjunction 
with other antihypertensive medications. Most side 
effects were mild such as dizziness (1.3%), head-
ache (1.0%), and dyspnea (0.9%) 60.

CONCLUSION
First-generation β-blockers lower blood pressure by 
reducing the contractile strength and rate of the 
heart, which in turn lowers cardiac output. This 
action allows them to be used in hypertensive 
patients. On the other hand, first-generation 
β-blockers are not recommended for diabetic, 
asthmatic, and chronic obstructive pulmonary 
disease patients. The second-generation β-adrener-
gic antagonists have β1-receptor selectivity. As a 
result, they play a role in lowering cardiac output 
and activation of the renin-angiotensin system and 
thus reducing blood pressure. Therefore, 
second-generation β-blockers are an effective 

pharmacological option for the treatment of hyper-
tension, with a lower risk of adverse effects associat-
ed with antagonism of β2-receptor. Third-genera-
tion β-blockers show improved effects on patients 
with cardiovascular disorders when compared to 
the representatives of the previous two generations. 
This class of β-blockers (labetalol, carvedilol, and 
nebivolol) has vasodilatory abilities and has an extra 
beneficial influence on metabolic and hemody-
namic parameters, with fewer adverse effects. 
However, the effectiveness and benefit of β-block-
ers as first‐line therapy for hypertension is still contro-
versial.  
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