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INTRODUCTION

Symphytum officinale (comfrey) is a medicinal plant 
commonly used in decoction and to treat ailments. It 
contains therapeutic bioactive compounds such as allantoin, 
rosmarimic, and hepatotoxic pyrrolizidine alkaloids such as 
lycopsamine [1,2]. Comfrey has anti-inflammatory and wound 
healing properties [3-5]. Aqueous extract of comfrey root 
contained high quantities of allantoin and its inclusion in the 
topical applications reduced skin irritation [6]. Alkan et al. 
reported that comfrey has antioxidant and free radical scavenging 
properties when it extracted in aqueous and alcoholic solvents [7].

Exposure of supplemental ultraviolet-B (UV-B) leads to 
alterations of the metabolism of reactive oxygen species in 
plants [8]. The extracts of certain plants are either reduced the 
toxic effect of UV-A radiation as with green tea or they showed 
photoprotection against UV-A exposure as with rosmarimic 
acid extract [9,10]. The comfrey contained many pyrrolizidine 
alkaloid related substances, which have the affinity to chelate 
the cellular DNA molecule and thereby they responsible for the 
genotoxic effect of comfrey [11].

The rationale of this study was the UV radiation in respect to 
their wavelengths induces variable effects on the constituents of 
herbal extracts and thereby may limit or improve the advantages 
of using these extracts as medicinal supplements. Therefore, 
the aim of the study is to assess the effect of the wide spectral 
range of the UV radiations including UV-A, UV-B, and UV-C 
on the constituents of S. officinale aqueous and alcoholic 
extracts. These constituents including the flavonoids, reducing 
power and allantoin levels as the measurements of antioxidant, 
scavenging property and antiaging, respectively.

MATERIALS AND METHODS

This study was conducted in the Department of Pharmacology 
and the Department of Physiology, College of Medicine at 
Al-Mustansiriya University in Baghdad, Iraq. S. officinale seeds 
(comfrey) obtained from local markets, which imported from 
Saudi Arabia and identified by the Department of Biology, 
College of Science. The seeds grinded mechanically and sieved 
to get a fine powder before their extraction with distilled water 
(aqueous) and alcohols (ethanol and methanol). 1 g of fine 
powder of comfrey extracted with 100  ml of distilled water, 
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ethanol and methanol (1% w/v) for 24 h in a dark room at a 
temperature of 25°C followed by filtration the extracts. Another 
aqueous extract of 1% (w/v) prepared by infusion method by 
adding a boiling distilled water to the herbal powder, left for 
15 min then followed by filtrating the extract.

Each extract irradiated with UV light; 4  ml of each extract 
in quartz cell was exposed to UV radiation (UV-A; at 320 
and 360 nm; UV-B at 280; and 300 nm and UV-C at 220 and 
260 nm) for 10 min. The UV-visible spectra of each aqueous 
extract were obtained by scanning the extract using UV-visible 
spectrophotometer (Aquarius, France, Cecil series with 
scanning utility) before and after each exposure of UV radiation. 
The mean of three readings was determined.

Quantification of Total Flavonoids

The method based on the quantification of the yellow color 
produced by the interaction of flavonoids with aluminum 
chloride (AlCl3) reagent [12]. Aliquots of 1.5 ml of each extract 
added to an equal volume of a solution of 2% AlCl3.6H2O (2 g 
in 100 ml methanol). The mixture vigorously shakes and the 
absorbance at 367  nm recorded after 10  min of incubation. 
The average of three readings of each sample was calculated. 
The flavonoids content was determined by applying the linear 
regression equation based on the calibration curve of rutin; 
therefore, the contents of flavonoids were determined as µg 
rutin equivalent per milligram dry weight of comfrey seeds. The 
results expressed as a mean of three readings.

Assessment of Reducing Power

To 1 ml of each extract was mixed with 2.5 ml of phosphate 
buffer (0.2 M, pH  6.6) and 2.5  ml of 1% of potassium 
ferricyanide (K3Fe(CN)6, then the mixture was incubated at 
50°C for 30 min. Afterward, 2.5 ml of trichloroacetic acid (1%) 
was added to the mixture, then centrifuged at 3000 rpm for 
10 min. Finally, 2.5 ml of the upper layer solution was mixed 

with 2.5 ml of distilled water and 0.5 ml of FeCl3 (0.1%), and the 
absorbance was recorded at 700 nm. The increased absorbance 
of the reaction mixture indicates increased reducing power. The 
results expressed as a mean of three readings.

Determination of Allantoin

This  dete rminant  was  ca r r i ed  out  a s  desc r ibed 
previously [13] using Ehrlich’s reagent, which consisted of 
1  g p-dimethylaminobenzaldehyde in a mixture of 25  ml of 
concentrated hydrochloric acid and 75 ml of methanol. 1 ml 
of each extract mixed with Ehrlich’s reagent (1:2 v/v), incubated 
at room temperature, and read the absorbance at 440  nm. 
The allantoin contents calculated using the linear regression 
equation based on the standard allantoin calibration curve. The 
results expressed as a mean of three readings.

Statistical Analysis

The results are expressed as numbers and percentages. The 
mean and the standard deviation of three readings of each 
experiment were calculated. The accuracy of measurements 
was determined by calculating the coefficient variation which 
ranged in this study between 1% and 2.5% and indicating the 
precision of the methodology.

RESULTS

UV-visible spectra showed a principal peak of absorbance of 
comfrey extract at wavelength 355  nm [Table  1]. Another 
peak at wavelength 670 nm observed in methanol extract. UV 
radiation reduced the optic density (absorbance) of aqueous 
extract prepared by infusion but it produced reverse effects on 
the aqueous extract prepared by incubation for 24 h. The effect 
of UV radiation on ethanol and methanol extracts was variable 
for each extract and UV exposure [Table 1]. The UV-visible 
spectra showed an absorbance peak at 670 nm of ethanol and 
methanol extracts exposed to UV-irradiation.

Table 1: Effect of UV radiation on the absorbance peak (O.D.) of comfrey extract diluted to the final concentration of 0.1% (w/v)
Wavelength of 
UV radiation

Aqueous extract (infusion) Aqueous extract (24 h) Ethanol extract (24 h) Methanol extract (24 h)

Peak (λ) O.D. Peak (λ) O.D. Peak (λ) O.D. Peak (λ) O.D.

Before exposure 335 0.068 (100) 355 0.021 (100) 355 0.033 (100) 355
670

0.062 (100)
0.039 (100)

After exposure
UV‑C (λ220) 335 0.029 (42.6)↓ 355 0.034 (161.9)↑ 355 0.000 (0.00) 355

670
0.080 (158.1)↑
0.043 (110.3)↑

UV‑C (λ260) 335 0.054 (79.4)↓ 355 0.025 (119.0)↑ 355
417.5
670

0.010 (30.3)↓
0.009
0.006

355
670

0.107 (172.6)↑
0.057 (146.2)↑

UV‑B (λ280) 335 0.032 (47.1)↓ 355 0.032 (152.4)↑ 355
670

0.030 (90.9)↓
0.013

355
670

0.134 (216.1)↑
0.057 (146.2)↑

UV‑B (λ300) 335 0.030 (44.1)↓ 355 0.028 (133.3)↑ 355
670

0.053 (160.6)↑
0.035

355
670

0.110 (177.4)↑
0.041 (105.1)↑

UV‑A (λ320) 335 0.055 (80.9)↓ 355 0.030 (142.9)↑ 355
670

0.033 (100.0)
0.022

355
670

0.052 (83.9)↓
0.031 (79.5)↓

UV‑A (λ360) 335 0.040 (58.8)↓ 355 0.165 (785.7)↑ 355
670

0.034 (103.0)↑
0.016

355
670

0.100 (161.3)↑
0.048 (123.1)↑

The results expressed as mean of the triplicate measurements. The O.D. denotes the absorbance at the corresponding wavelength. The symbol↑denotes 
increased and the symbol↓denotes decreased after exposure to the irradiation compared with the values at before exposure. UV: Ultraviolet
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Determination of Flavonoids

The yields of flavonoids in the methanol extract were higher 
than other extracts. The levels of flavonoids in the infusion 
aqueous extract were higher after irradiation with UV lights 
and it declines with ethanol and methanol extracts [Table 2].

Assessment of Reducing Power

The highest value of reducing power was of the comfrey 
extracted with aqueous media over 24 h compared with other 
extraction media [Table 3]. The reducing power of UV-irradiated 
infusion aqueous extract of comfrey was increased compared 
with overnight aqueous, ethanol, and methanol extracts which 
were decreased after exposing to the UV-radiations of whatever 
their wavelength [Table 3].

Determination of Allantoin

Extraction of comfrey with alcohols (ethanol or methanol) resulted 
in higher concentrations of allantoin. The effect of UV radiation 
on the allantoin levels on the medicinal plant extracts was related 
on the type of UV radiation, extracted solution as well as the 
nature of the plant. UV-C irradiation resulted in the increase of 
the allantoin levels in infusion aqueous extract and reduced in 
the overnight aqueous ethanol extracts for both medicinal plants 
[Table 4]. UV-C (λ 220 nm) but not UV-C (λ 260 nm) reduced the 
allantoin levels of the methanol extracts of comfrey [Table 4]. UV-B 
irradiation either increased the levels of allantoin of the comfrey 
extracts or did not show any effect except the ethanol extract by 
which the levels decreased. The results of UV-B (λ 300 nm), UV-A 
(λ 320 nm), and UV-A (λ 360 nm) on the levels of allantoin are 

inconsistent [Table 4]. In general, irradiated infusion of comfrey 
or saffron aqueous extracts resulted in high levels of allantoin at 
any wavelength of UV irradiation.

DISCUSSION

The results of this study show that the yields of the active 
constituents of the comfrey are relating to the methods of 
the extraction. UV-radiation improves the extraction of the 
active ingredient of the comfrey in the overnight aqueous 
and methanol extracts. UV-radiation increases the levels of 
flavonoids of the aqueous extracts, but not of the alcoholic 
extracts whereas it increases the reducing power of the aqueous 
infusion extract. UV-radiation improves the extraction of the 
allantoin from the aqueous infusion and overnight extracts. 
Therefore, the results of this study point out the importance of 
using UV-radiation as an assisted method of extraction of certain 
substances, and on the other hand, it may induce damage to the 
other constituents taking in consideration the solvents and the 
methods of extraction. The principal peak at UV-spectra was 
355 nm wavelength indicating that this peak is related to the 
lycopsamine (a substance related to the pyrrolizidine), which is 
available in high quantity in comfrey seeds [14]. UV-irradiation 
reduced the magnitude of the principal peak of the aqueous and 
methanol extracts, and this effect is in favor of the UV-radiation, 
as the pyrrolizidine can induce tumor [15].

The previous studies show that irradiation of the apple juice by 
UV-light did not reduce the activity of antioxidant polyphenols 
by inactivating the polyphenol oxidase enzyme as our results 
show that the flavonoids levels are increasing after exposure to 
UV-radiation [16]. Moreover, γ-rays significantly increased the 

Table 2: Effect of UV radiation on the flavonoids levels (expressed as rutin µg/mg seeds weight) on the extracts of comfrey
Wavelength of UV radiation Aqueous extract (infusion) Aqueous extract (24 h) Ethanol extract (24 h) Methanol extract (24 h)

Before exposure 20.5 (100) 0.0 17.9 (100) 28.1 (100)
After exposure

UV‑C (λ220) 24 (117.1)↑ 10.6↑ 15.2 (84.9)↓ 18.6 (66.2)↓
UV‑C (λ260) 27 (131.7)↑ 12.5↑ 12.5 (69.8)↓ 14.8 (52.7)↓
UV‑B (λ280) 25.1 (122.4)↑ 10.3↑ 14.4 (80.4)↓ 10.3 (36.7)↓
UV‑B (λ300) 27 (112.5)↑ 0.0 13.3 (74.3)↓ 26.6 (94.7)↓
UV‑A (λ320) 22.8 (111.2)↑ 12.2↑ 12.5 (69.8)↓ 13.7 (48.8)↓
UV‑A (λ360) 25.5 (124.4)↑ 0.0 11.8 (65.9)↓ 24.3 (86.5)↓

The results expressed as mean of the triplicate measurements. The O.D. denotes the absorbance at the corresponding wavelength. The symbol↑denotes 
increased and the symbol↓denotes decreased after exposure to the irradiation compared with the values at before exposure. UV: Ultraviolet

Table 3: Effect of UV radiation on the reducing power (expressed as absorbance percentage of the non‑irradiated) of the extracts 
of comfrey
Wavelength of UV radiation Aqueous extract (infusion) Aqueous extract (24 h) Ethanol extract (24 h) Methanol extract (24 h)

Before exposure 0.211 (100) 0.549 (100) 0.112 (100) 0.227 (100)
After exposure

UV‑C (λ220) 0.255 (120.9)↑ 0.404 (73.6)↓ 0.091 (81.3)↓ 0.186 (81.9)↓
UV‑C (λ260) 0.272 (128.9)↑ 0.207 (37.7)↓ 0.09 (80.4)↓ 0.211 (93.0)↓
UV‑B (λ280) 1.888 (894.8)↑ 0.198 (36.1)↓ 0.099 (88.4)↓ 0.121 (53.3)↓
UV‑B (λ300) 0.239 (113.3)↑ 0.204 (37.2)↓ 0.116 (103.6)↑ 0.135 (59.5)↓
UV‑A (λ320) 0.171 (81.0)↓ 0.231 (42.1)↓ 0.100 (89.3)↓ 0.165 (72.7)↓
UV‑A (λ360) 0.337 (159.7)↑ 0.245 (44.6)↓ 0.097 (86.7)↓ 0.209 (92.1)↓

The results expressed as mean of the triplicate measurements. The O.D. denotes the absorbance at the corresponding wavelength. The symbol↑denotes 
increased and the symbol↓denotes decreased after exposure to the irradiation compared with the values at before exposure. UV: Ultraviolet
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antioxidant activity of the polyphenols of the red and black 
maca extracts (Lepidium meyenii walp) and UV-C irradiation 
increase the total flavonoids and the reducing power of the 
fresh cut mango (Mangifera indica L. cv. Chokanan) [17,18]. 
Therefore, our encouraging results may utilize to use 
UV-irradiation to enhance the extraction of the antioxidants as 
an assisted method of extraction using aqueous media. As early 
as 1990, Inaba et al. found that rats exposed to the microwave 
irradiation increase the level of plasma allantoin as a byproduct 
of uric acid [19]. This study adds a new information that UV 
irradiation increases the levels of allantoin in aqueous extracts, 
and thereby it can be used this method in the preparation of the 
wound-healing creams that contained allantoin [20]. The net 
results of this study that UV-irradiation of the comfrey extracts 
leads to improve the antioxidant properties and reduced the 
tumorigenicity of the comfrey.

CONCLUSIONS

We conclude that UV-radiation enhances the yields of active 
ingredient of comfrey extracted with methanol whereas improves 
the flavonoids, reducing power and allantoin levels of comfrey 
extracted by the aqueous infusion method. UV-radiation reduces 
the levels of flavonoids, reducing power and allantoin when the 
comfrey extracted by alcohol.
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