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INTRODUCTION 
 

Pigments are chemical compounds that absorb visible 

light.
[1]

 Plant pigments are categorized into four main 

types: chlorophylls, carotenoids, anthocyanins and 

betalains.
[2]

 These natural pigments are essential 

secondary metabolites, which play several roles in plant 

physiology. Not to mention their importance in food (as 

natural colourants) and medical industries.
[3,4,5]

 

 

The name of Chlorophylls is derived from the Greek 

words chloros meaning “green” and phyllon meaning 

“leaf.”.
[6]

 Chlorophylls are the greenish photosynthetic 

pigments found in all photosynthetic organisms. In algae 

and plants, these pigments are embedded in the thylakoid 

membranes within the chloroplasts. They occur in almost 

every green part of plant, i.e. leaves and herbaceous 

stems and fruits.
[6]

 

 

THE CHEMICAL STRUCTURE OF NATURAL 

CHLOROPHYLLS 

Chlorophylls are derivatives of porphyrin. Chlorophyll 

molecule consists of a porphyrin ring (tetrapyrroles 

macrocycle) with a central magnesium atom, a 

cyclopentanone ring conjugated with the third pyrrole 

ring and a side phytol chain on the fourth pyrrole ring of 

the porphyrin.
[7,8]

 Thus, chlorophyll molecule possess 

two distinct parts: a hydrophilic part (porphyrin ring) and 

a hydrophobic part (phytol chain).
[8]

 The hydrophobic 

part of the chlorophyll makes it liposoluble and insoluble 

in water.
[9,10]

  

 

There are several known forms of chlorophylls, 

including:  

1) Chlorophyll a, which has a bluish green colour. It is 

found in almost all photosynthetic organisms, 

including cyanobacteria.
[6,8]

 

2) Chlorophyll b, which has a bright green colour. It is 

found in higher plants and many algal groups such 

as green algae.
[6,8]

 

3) Chlorophyll c, which has a yellowish green colour. 

It is found in brown algae and diatoms.
[6,8,11]

  

4) Chlorophyll d, which has a bright forest green 

colour. It is found in red algae.
[6,8,11]

 

5) Chlorophyll e, which is a rare type of chlorophyll. It 

is found in some genera of yellow green algae like 

Vaucheria hamata and Tribonema bombycinum.
[6,12]

 

6) Chlorophyll f, which is the most recently discovered 

chlorophyll. It appears in emerald green colour, and 

can be found in some cyanobacteria.
[6,8,13,14]

   

7) Protochlorophyll, which is found in the inner coat of 

pumpkin seeds and the dark-grown yellow leaves of 

seedlings.
[6]

 

8) Bacteriochlorophyll, which is the main chlorophyll 

of various photosynthetic bacteria like purple and 
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ABSTRACT 
 

Plant pigments exist in varied forms, some with highly complex chemical structures. Chlorophylls represent the 

most important natural plant pigments. They are the green pigments that contribute in photosynthesis, and they are 

found in all the organisms preforming this process. Chlorophylls are complex liposoluble organic compounds, 

consisting of a porphyrin ring (tetrapyrroles macrocycle) with a central magnesium atom, a cyclopentanone ring 

and a side phytol chain. Two forms of chlorophylls (chlorophyll a and chlorophyll b) are embedded within the 

thylakoid membranes of higher plants‟ chloroplasts. Chlorophylls have various semi-synthetic derivatives, and 

chlorophyllins are the most studied among them. The synthesis of different chlorophyllins occurs by removing the 

phytol chain to increase the solubility in water, and replacing the central magnesium by a divalent cation such as 

copper, iron or zinc, which is important to retain the green colour of the pigments. Decades ago, human have taken 

chlorophylls to treat many medical conditions. In this review, we will summarize the potential health benefits and 

side effects for chlorophylls and their derivatives. 

 

KEYWORDS: Chlorophyll, chlorophyllin, antioxidants, antimicrobial, cancer. 
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green bacteria. It has many forms: a, b, c, d, e and 

g.
[6]

 

9) Chlorobium chlorophylls, which are abundantly 

found in green-sulfur bacteria, and sometimes work 

in association with bacteriochlorophylls.
[6]

   

 

Generally, the chlorophyll types differ from each other in 

the saturation of the pyrrolic rings, or the side groups 

attached to them.
[8]

 

Natural plants chlorophylls (chlorophyll a and 

chlorophyll b) represent nearly 99% of the chlorophyll 

types found in edible plants.
[10]

 Chlorophyll b differs 

from chlorophyll a by the presence of aldehyde group 

instead of the methyl group at position 7 (on the second 

perrole ring), (Fig. 1).
[7,8]

 

 

       
Fig. 1: Difference between Chlorophyll a and chlorophyll b.

[10]
 

 

THE ESSENTIAL ROLE OF CHLOROPHYLLS 

Chlorophyll a is the most abundant of all chlorophylls, 

representing about 75% of the natural green pigment. In 

plants, chlorophyll a is found within the thylakoid 

membranes in both light harvesting complexes 

(antennas) and both reaction centres of photosystem II 

and photosystem I. It functions as the main electron 

donor in the reaction centres to both photosystems.
[6,15,16]

 

In another words, chlorophyll a is the only form of 

chlorophylls that have the ability to convert the light 

energy into chemical energy that is used to build up 

carbohydrate molecules through photosynthesis.
[6,11]

 

 

On the other hand, chlorophyll b is considered an 

accessory pigment found only in the light harvesting 

complexes of both photosystems.
[6,15,17]

 This pigment 

absorbs light and transfers excitation energy to 

chlorophyll a of the reaction centre where photochemical 

reaction takes place.
[15]

 

 

CHLOROPHYLL DERIVATIVES 

There are many metallo-chlorophyll derivatives that can 

be chemically synthesized and commonly used as 

additives to medicines.
[10,18]

 The chlorophyllins are semi-

synthetic derivatives of chlorophyll, and they represent 

the most studied metallo-chlorophyll derivatives.
[10]

 

After chlorophyll extraction, the synthesis of different 

chlorophyllins types starts with the saponification 

(alkaline hydrolization) of natural chlorophyll in alkaline 

medium, which removes the phytol group to increase the 

solubility of the pigment in water. Sodium (Na
+
) or 

potassium (K
+
) ions may bind to the carboxylic groups of 

the porphyrin ring in order to stabilize its structure. After 

saponification (or instead of it), the central magnesium 

(Mg
2+

) can be replaced by copper (Cu
2+

) by adding 

copper sulphate in acidic medium, which increase the 

chemical stability of the pigment (Fig. 2). Besides Cu
2+

, 

divalent cations like iron (Fe
2+

) and zinc (Zn
2+

) can be 

used to replace the central Mg
2+

. This is important to 

retain the green colour of processed green food 

products.
[9,10] 

 

 

 

 

      
Fig. 2: Examples of chlorophyllins.

[10] 
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THE PHARMACEUTICAL FORMS TO 

CHLOROPHYLLS 

Humans don`t have the ability to synthesize chlorophyll, 

but they can obtain it from their diet or take its derivative 

forms.
[6] 

Animal model studies show that only 1-3% of 

dietary chlorophyll is absorbed, while the rest goes out of 

the body with faeces.
[10]

 

 

The chlorophyll supplements can be obtain as liquid 

(drops), ointments, sprays, pills or capsules.
[19,20]

 Most of 

them contain chlorophyllin, which is a water-soluble 

derivative of natural chlorophyll and potentially better 

absorbed by the body compared to other forms of 

chlorophyll.
[19,21,22,23,24]

 

 

THE MEDICAL IMPORTANCE FOR 

CHLOROPHYLLS AND THEIR DERIVATIVES  

Chlorophylls and their derivatives have long been 

studied because of their significant role in plant 

physiology and food industry.
[6]

 On the other hand, they 

have many suggested health benefits to human, as the 

following: 

 They are used to boost energy 
[22, 25]

 and prevent or 

treat chronic fatigue and fibromyalgia
[19,26]

  

 They are powerful antioxidants and effective 

scavengers of reactive oxygen species that are 

associated with cell damage and different medical 

conditions (when excessively 

produced)
[9,19,21,23,26,27,28,29,30]

 According to studies, 

applying a gel containing chlorophyllin to the skin 

reduces the signs of photoaging and prevents age 

prematurely
[19,26,29]

  

 They may help treating skin conditions, when 

applied topically.
[19,21,24,26,28,30]

 Topical chlorophyll 

may be useful in acne treatment, as a gel containing 

chlorophyllin helps reducing facial acne and large 

pores. Besides, a combination of topical chlorophyll 

and phototherapy results in less oily skin, less severe 

acne and fewer acne lesions.
[19,20,23,28]

 Yet, these 

findings may not be relevant for all skin types.
[19]

 

 They may be helpful in treating haemoglobin 

deficiency disorders, such as thalassemia and 

anaemia, considering that the main structure of 

chlorophylls is a porphyrin ring similar to the 

structure of haem in haemoglobin, except that the 

central atom in haem is iron instead of 

magnesium.
[10,19,20,29,31]

 

 They may prevent and slow the progression of 

certain types of cancers, such as stomach, intestinal, 

colon, pancreatic and lung cancers based on animal 

researches and in vitro ones on human 

tissues.
[10,18,19,20,25,16,28,29]

 Besides, chlorophylls and 

their supplements can form complexes with known 

or suspected carcinogens, such as polyaromatic 

hydrocarbons found in tobacco smoke and aflatoxin-

B1.
[10,18,20,32,33]

 This interfere with gastrointestinal 

absorption of potential carcinogens, reducing their 

risk on susceptible tissues.
[10]

 

 They improve the liver‟s natural ability to remove 

waste and toxins from the body (detoxification). It 

was found that chlorophyllin boost detoxification 

process, which in its turn help minimizing liver 

damage.
[26,29]

 

 They may aid reducing inflammation and 

inflammatory pain as in the case of arthritis and 

inflammatory bowel disease.
[19,26,31,34]

 Besides, 

chlorophyllin supplements reduce fatalities related 

to inflammatory bowel disease, intestinal epithelial 

damage and infiltration of inflammatory cells.
[34,35]

 

 They are potential antimicrobial agents
[36,37]

, as they 

may inhibit the growth of some resistant Gram-

positive bacteria
[36,38,39]

 and Candida 

albicans.
[26,31,32,40]

 

 They have the potential to promote wound-healing, 

as chlorophyllin reduces inflammation and bacterial 

growth in skin wound.
[19,20,24,25,31,32]

 

 They can improve digestion and reduce 

constipation.
[9, 25, 29]

 

 They may support healthy weight loss, as some 

evidence suggests that diets rich in chlorophyll can 

elevate satiety, which reduce hunger and 

appetite
[19,21,25,26,28,29,30,32] 

Besides, chlorophyll may 

enhance the gut microbiome that could help with 

weight management 
[28]

. 

 They may reduce internal body odour 
[19, 20, 25, 26, 27]

. 

Chlorophyll supplements have deodorizing effects 

on foul-smelling wounds, urinary and faecal odour 

in trimethylaminuria, incontinent, colostomies, 

ileostomies and geriatric patients.
[9,10,23,27,31,41]

 

 

However, further studies are needed to characterize the 

previously mentioned potential benefits.
[19,20,26]

 

 

THE SAFETY OF CHLOROPHYLLS AND THEIR 

DERIVATIVES 

According to the Food and Drug Administration (FDA), 

adults> 12 years old can safely consume 100-200 mg 

chlorophyll daily, and not more than 300 mg per day.
[30]

 

Natural chlorophylls don`t have any toxic effects on 

humans.
[18]

 As for supplemental chlorophylls 

(chlorophyllins), some people may experience the one or 

more of the following side effects, especially when 

consuming liquid chlorophyll: 

 Green discoloration of urine or faeces.
[10,18,26,28,29,41]

 

 False positive results on guaiac card test.
[10]

  

 Yellow or black discoloration of the tongue.
[10,18]

  

 Nausea.
[21,26,28,29,42]

 

 Vomiting.
[26,28,29,42]

 

 Stomach cramps.
[19,26,28,29,41,42]

 

 Diarrhoea.
[10,18,21,41]

 

 Mild burning or itching, when applied topically on 

wounds.
[10,18]

 

 

Of note, chlorophyll supplements should be avoided 

during pregnancy and lactation until doing adequate 

safety studies.
[10,18,19,42]
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CONCLUSION 
 

Chlorophylls and their supplements have been used for a 

long time to treat various medical conditions. These 

green pigments are potent antioxidant, antiaging, 

antimicrobial, antiinflammation and anticancer agents. 

Besides their potential ability to treat skin conditions and 

haemoglobin deficiency disorders. Still, extensive studies 

should be conducted to confirm and characterize the 

health benefits of these pigments. Unlike natural 

chlorophylls, chlorophyll supplements may cause some 

minor side effects such as green discoloration of urine or 

faeces, nausea, vomiting, stomach cramps and diarrhoea. 
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