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Background and Purpose: This research aimed to investigate the in vivo acute oral 
toxicity of aqueous extract of Indigofera tinctoria L. in different doses in Wistar rats.

Materials and Methods: Twenty-five male rats were divided into five groups (n=5 for 
each group). Group I served as the control, and the other four groups received I. tinctoria 
(100, 250, 500, and 1000mg/kg body weight) for 14 days. At the end of the experiment, 
all animals were killed, and the blood samples were collected for biochemical assay. 
The fourier transform infrared spectroscopy (FTIR), and histopathological analyses were 
done on different tissues.

Results: According to the results, rats who received I. tinctoria (100mg) had lower 
triglyceride than the control group. Moreover, I. tinctoria administration in all groups did 
not change the serum glucose, creatinine, urea, and high-density lipoprotein amounts. 
In addition, using 100mg of the extract resulted in a lower alanine transaminase level 
than the control. Also, histopathology data indicated no signs of tissue toxicity and 
degeneration in all experimental groups. Furthermore, FTIR indicated that I. tinctoria 
had not changed the tissues’ protein structure.

Conclusion: It can be concluded that I. tinctoria can be used as colorant food up to 
1000mg/kg body weight.
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1. Introduction

ver the past few years, the global market 
of the food colors industry has experi-
enced rapid growth. Much attention is 
paid to the toxicity of synthetic additives 
used in the food industry. The use of 

natural food pigments has risen owing to the growing 
awareness of environmental risks and the side-effect 
of chemicals in synthesizing food colorants [1]. 

According to the World Health Organization, 80% of 
the world’s population uses natural products for pri-
mary health care [2]. Iran has a small share of these 
plants in the global trade market. The area under cul-
tivation for medicinal plants in Iran was about 605876 
hectares in 2017. Of these lands, 262428 tons of main-
ly henna, cumin, coriander, fennel, damask rose, and 
indigo was harvested [3]. The Iranian national stan-
dard organization only permits seven artificial dyes 
of Quinoline Yellow (E104), Sunset Yellow FCF (E110), 
Azorubine (E122), Ponceau 4R (E124), Allura Red AC 
(E129), Indigotine (E132), and Brilliant Blue FCF (E133) 
in a different type of products [4]. 

Nevertheless, some synthetic color additives may 
present health problems, namely allergenic problems, 
hyperactivity in children, and carcinogenic pathologies 
[5, 6]. Alternatively, consuming natural compounds has 
therapeutic effects on several diseases, such as cancer, 
chronic bronchitis, epilepsy, neuropathy, asthma, ulcers, 
and diuretic [7]. Therefore, identifying the bioactive 
compounds of medicinal plants and studying their ef-
fects on humans and animals is of great importance [8]. 

The genus Indigofera contains certain economically 
significant indigo dye-producing species, such as I. tinc-
toria and I. suffruticosa [9]. I. tinctoria belongs to the 
family of the Fabaceae, which is distributed across vari-
ous tropical regions. This plant is cultivated in Southern 
Iran, especially in Jiroft County, Kerman Province. It is a 
deciduous shrub that reaches a height of 1-2 m, which 
may be annual, biennial, or perennial. It has been used 
as a source of dyeing agent, i.e., indigo, since ancient 
times. In 1986, Indigo was cultivated on about 1694 
hectares in Iran, which decreased to 520 hectares in 
2006 [10]. At present, Kerman Province, with about 300 
hectares of indigo cultivation area, has one of the most 
important summer crops. 

The herb is traditionally used for neurological disor-
ders, epilepsy, bronchitis, and hepatic disease [11]. 
Srinivasan et al. (2016) reported that I. tinctoria leaves 
contained phenols, flavonoids, saponins, and terpe-
noids in their aqueous extract [12]. I. tinctoria gener-
ates a high-quality dye compared to other plants and is 
also referred to as true indigo [13]. The indigo precur-
sor in I. tinctoria is indicant, found mainly in the leaves 
with content ranging 0.2%-0.7% [14]. Water extract of I. 
tinctoria is known to contain three major components: 
indican, indigo, and its isomer of indirubin [15]. It is well 
known that indican hydrolysis to indoxyl and further 
oxidation of indoxyl can be formed into indigo and in-
dirubin [16]. Indirubin has anti-inflammatory [17], anti-
cell proliferative [18], antioxidant [19], anti-diabetic, 
anti-dyslipidaemic [20], and wound-healing properties 
[21]. It has been shown that indigotin, a colorless glyco-
side producing the blue color dye, possesses antiseptic 
and astringent properties [22]. However, no systemic 
toxicological data on I. tinctoria leaf powder has been 
reported in the literature [9]. In contrast, the neuro-
protective role of aqueous extract of I. tinctoria was 
reported in Wistar rats [23]. 

Similarly, a study on Wistar rats using aqueous extracts 
of I. tinctoria revealed its immunoprotective functions 
against chronic noise stress [24]. However, conducting 
further research using precise and modern analytical 
techniques can help researchers find better the likely 
beneficial or detrimental effects of this plant on human 
and animals. Spectroscopy has recently emerged as a 
key tool for biomedical applications and made signifi-
cant advances in clinical diagnosis due to its low cost, 
as well as rapid, simple, and convenient use [25]. Fou-
rier transform infrared spectroscopy (FTIR) is a physi-
cochemical and non-destructive analytical technique 
that can provide detailed chemical information on the 
sample composition [26]. F-IR is a type of vibrational 
spectroscopy that identified structural moieties of bio-
molecules based on their IR absorption. This technique 
can be used to analyze bio-molecules, including carbo-
hydrates, proteins, nucleic acids, and lipids, with a mini-
mum quantity of samples [27]. Because of the limited 
data regarding the oral toxicity of I. tinctoria in humans 
and animals, this study was carried out to evaluate the 
likely oral toxicity of I. tinctoria extract by FTIR spectros-
copy combined with histopathological and serum bio-
chemical assays in Wistar rats.

O
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2. Materials and Methods 

The liver enzymes of aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT), and triglyc-
eride (TG) and high-density lipoprotein (HDL) test kits 
were purchased from Pars Azmoon Co., Iran. All applied 
chemicals and reagents were of analytical grade. Deion-
ized and distilled water was used throughout.

The plant samples were collected from Jiroft County, 
Iran. Geographically, it is located at coordinates 28°̊40ˊ 
41.0052˝ N-57 ̊44ˊ 25.9980˝ E. The plant was authen-
ticated by the Department of Biology, University of 
Jiroft. Voucher specimens were deposited at the Her-
barium of the plant biology laboratory (Department of 
Biology, University of Jiroft; Reg No.: 312). The collected 
plants were dried in the shade at room temperature 
(25°C±2°C). The leaves were ground to coarse powder 
with an appropriate grinder. The powder was stored in a 
dark, dry, and cool place.

A total of 5g of the ground leaves was extracted 
with distilled water (100mL) in a conical flask by the 
maceration method. Briefly, the mixture was shaken 
with the laboratory shaker at a speed of 120 rpm for 
2h and kept at 4°C for 72h. The obtained aqueous ex-
tract was filtered using a Whatman filter paper No.1. 
The filtrates were then concentrated through a rotary 
evaporator under reduced pressure and then stored 
at 4°C for further use [16].

Twenty-five male Wistar rats with Mean±SD initial 
body weight of 180±20g were purchased from the 
Razi Institute of Kerman, Iran. The rats were housed 
and handled in a standard condition with a 12h light/
dark cycle and temperature of approximately 22°C for 
at least one week before the experiments. The animals 
were housed in a propylene cage with free access to 
standard pellets (Javaneh Khorasan Co., Mashhad, Iran) 
ad libitum. All research procedures were approved by 
the Internal Committee of Animals’ ethics and care of 
the University of Jiroft. The sub-chronic toxicity study 
was done according to the OECD Guidelines No. 407. 
The experimental animals were randomly selected and 
divided into five groups as follows:

Group I: Normal control rats;

Group II: Oral administration of I. tinctoria extract 
(100mg/kg Body Weight [BW]); 

Group III: Oral administration of I. tinctoria extract 
(250mg/kg BW);

Group IV: Oral administration of I. tinctoria extract 
(500mg/kg BW);

Group V: Oral administration of I. tinctoria extract 
(1000mg/kg BW);

The I. tinctoria extract at different concentrations was 
administrated orally to the rats daily for 14 days. The 
rat’s body weight was recorded weekly, and the quan-
tity of administered I. tinctoria extract was adjusted 
weekly based on the new body weight to ensure a con-
stant dose volume per kg body weight during the ex-
perimental period.

Animals were observed during the first two hours after 
aqueous extract administration and supplied with food. 
The animal’s mortality was recorded after 24h. The ob-
servations included a response to treatment, skin and eye 
changes, sleep, diarrhea, and coma. Each cage was sup-
plied with the required standard pellet as food and water. 
Each group was received 100g standard pellet ad libitum 
every day. The daily food (g/d) and water (mL/d) con-
sumption were recorded on days 7 and 14 of the experi-
ment. At the end of the experimental period, the over-
night fasted rats were anesthetized with diethyl ether, 
and blood samples were taken by cardiac puncture. ALT, 
AST, HDL, TG, and serum glucose concentrations were 
quantified by an autoanalyzer (Hitachi 912, Japan).

To detect the possible toxicity of extract doses to 
rats, the histological examination of various tissues 
was done by fixation of tissues in 10% formalin, and 
the tissue sections (5μm) were stained with Hema-
toxylin and Eosin [28]. 

The tissue samples of each group were dissected 
and dried in an oven at 70°C. The dried samples were 
made to fine powder by grinder apparatus and then 
were pelleted using KBr. The spectra were measured 
in the range of 4000-400cm-1.

The statistical analysis was done by a Statistical Analy-
sis System (SAS, v. 9.2) followed by the least significant 
difference (LSD) mean comparison test of the software. 
The results were considered statistically significant if 
P<0.05. Excel software was used to compare the data 
of FTIR spectroscopy from different treated groups. All 
given values were expressed as the mean and standard 
error of means (SEM).
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3. Results 

Results indicated no mortality and behavioral differ-
ences among experimental groups throughout the study. 
Accordingly, based on the findings, up to a dose of 1g/kg 
BW was safe and healthy in Wistar rats. The Mean±SD 
initial BW of control rats was 191.60±7.92g. As shown 
in Figure 1, rats’ body weights gradually increased dur-
ing the experimental period. According to the result, no 
significant differences were detected in body weights 
between the control and treatment groups at any time 
during the research. The food consumption and water 
intake of all treated rats are presented in Figures 2 and 3. 

The experimental treatments had no influence on the 
food and water consumption of rats during the experi-
ment. The results of the blood metabolites following I. 
tinctoria administration (14 days) are shown in Table 1. 
In the present study, 100mg/kg I. tinctoria-treated rats 
showed lower ALT activities than the control rats (P<0.05). 
There was no difference between the other groups. 

The current investigation showed no difference in 
serum urea concentration between treatments. Only 
group V (1000 mg/kg) with III (250 mg/kg) differences 
was close to significant (P=0.06). In the current study, 
100, 250, 500, and 1000mg/kg of I. tinctoria administra-
tion had no effects on the serum HDL of rats compared 
to the control group. In addition, the results revealed 
that triglyceride concentrations in group II (100 mg/
kg) were lower than in the control and groups III and IV 
groups (P<0.05).

According to the results, no difference in blood glucose 
concentration was observed between the groups re-
ceiving the extract and the control group (P>0.05). How-
ever, blood glucose concentrations in rats that received 
100mg/kg BW of the extract were lower than that in 
group IV (P<0.05). The administration of the aqueous 
extract at the doses of 100, 250, 500, and 1000mg/kg 
led to no changes in total protein.

The histopathological analysis of rats’ testes tissue is 
shown in Figure 4. Animals’ testes showed normal ar-
chitecture and well-organized germ cells. All treated 
groups revealed normal seminiferous tubules with regu-
lar arrangements of cells.

Photomicrographs from the kidney tissues of rats are 
presented in Figure 5. The kidney of the control group 
revealed a normal structure of glomeruli and proximal 
and distal tubules. Also, normal distal and proximal tu-
bules were seen in all treated groups.

Histopathological observation of liver tissues from the 
control and extract-treated groups showed normal ar-
chitecture (Figure 6). 

The FTIR absorption spectra between ~4000 cm-1 and 
~400 cm-1 and the peak assignments of the testis, liver, 
and kidney tissues are shown in Figures 7-9 and pre-
sented in Tables 3-5.

Figure 1. Bodyweights of rats administrated daily with the subchronic treatment of i. tinctoria extract for 14 days

I: Control group, II: 100mg/kg BW of I. tinctoria administrated group, III: 250mg/kg BW of I. tinctoria administrated group, IV: 500mg/kg BW 
of I. tinctoria administrated group, and V: 1000mg/kg BW of I. tinctoria administrated group. 

Bars without letters indicate no significant difference (P<0.05).
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The results of testes FTIR (Figure 7 and Table 2) indi-
cated that three bands at ~2360 cm-1, ~696 cm-1, and 
~530 cm-1 were missing in rats that received 100 mg/
kg of the extract. Bands at 696 and 530 cm-1 are mainly 
due to nucleic acid. Also, the detailed spectral analysis 
was done in three distinct frequency ranges, namely 
~3600-3050 cm-1 (Figure 7B, 8B, and 9B), ~3050-2800 
cm-1 (Figure 7C, 8C, and 9C), and ~1800-800 cm-1 (Figure 
7D, 8D, and 9D) to determine the details of macromol-
ecules changes. The peaks between ~3600 and 3050 
cm-1 regions mainly consist of amide-A vibrations of 
proteins. The band appearing at ~3292 cm-1 in the con-
trol group did not significantly change in other treated 
groups (Table 2 and Figure 7B).

Figure 7C shows that the region from ~3050 to ~2800 
cm-1 belongs to lipids of control and various treated 
groups. The bands are primarily due to CH2 asymmetric 
and symmetric stretching in the testis tissue. The results 
(Table 2 and Figure 7B) revealed that two peaks in the 
region of ~2926 and ~2868 cm-1 had not changed in all 
treated groups compared to the control.

Figure 7D shows that absorptions are due to the con-
tinuation of polysaccharides, nucleic acids, phospholip-
ids, and carbohydrates in the range of ~1800 to ~800 
cm-1. The main band at ~1235 cm-1 was because of the 
asymmetric stretching vibration of phospholipids, and 

Figure 2. Food consumption in different treated rats with i. tinctoria extract for 14 days

I: control group, II: 100mg/kg BW of I. tinctoria administrated group, III: 250mg/kg BW of I. tinctoria administrated group, IV: 500mg/kg BW 
of I. tinctoria administrated group, and V: 1000mg/kg BW of I. tinctoria administrated group. 

Ramzani Ghara et al. Acute Oral Toxicity of I. tinctoria. Iran J Health Sci. 2022; 10(4):35-50

Figure 3. Water intake in variously treated rats with i. tinctoria extract for 14 days

I: Control group, II: 100mg/kg BW of I. tinctoria administrated group, III: 250mg/kg BW of I. tinctoria administrated group, IV: 500mg/kg BW 
of I. tinctoria administrated group, and V: 1000mg/kg BW of I. tinctoria administrated group. 
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the band observed at ~1071 cm-1 was related to PO2−
asymmetric stretching: mainly nucleic acids. 

According to the results presented in Tables 3 and 4, 
all absorption frequencies were the same in various 
treated groups. However, the two bands at 2357 and 
681 cm-1 were missing in group II kidney and liver tis-
sues (Figure 8A, 8D, and 9A, 9B) that belong to lipids 
and nucleic acids. 

Results from Table 5 show band area ratios of amide-
II/amide-I and amide-II/amide-A that indicate the pro-
tein rearrangement. Tables 3, 4, and 5 and Figure 7A, 
Figure 8A, and Figure 9A show the area value of amide-
I, amide-II, and amide-A, which are responsible for the 
secondary structure of proteins in the testis, liver, and 
kidney, respectively. 

Table 1. Clinical chemistry of serum from different treated groups by i. tinctoria

Clinical Chemistry 
Parameters

Experimental Groups P

I II III IV V SEM L Q C

Triglyceride (mg/dL) 85 a 53.2 b 85 a 84.3 a 71.6 ab 4.38 0.87 0.85 0.01

HDL (mg/dL) 39.8 38.4 42.2 39.6 39 0.76 0.94 0.47 0.57

AST (U/L) 240.3 215.6 152.2 244.7 212.6 18.62 0.85 0.40 0.54

ALT (U/L) 76.5 a 55.6 b 65.2 ab 69.0 ab 62.6 ab 2.87 0.48 0.33 0.049

Serum glucose (mg/dL) 214.8 154.8 236.2 266 221.2 16.3 0.28 0.87 0.078

Urea (mg/dL) 39.4 38.8 34.6 41.4 42.4 1.28 0.34 0.19 0.81

Creatinine (mg/dL) 0.53 0.47 0.54 0.55 0.57 0.013 0.07 0.39 0.18

Total Protein (g/dL) 6.80 6.72 6.66 6.48 6.52 0.062 0.08 0.82 0.65

I: Normal control rats, II: Oral application of the extract of 100mg/kg Body Weight (BW), III: Oral administration of the extract at a dose level of 
250mg/kg BW, IV: Oral administration of the extract at a dose level of 500mg/kg BW, and V: Oral administration of the extract at a dose level of 
1000mg/kg BW. 

Different letters indicate significant differences between groups in each row (P<0.05).

HDL: high-density lipoprotein; AST: aspartate aminotransferase; ALT: alanine aminotransferase. 

Figure 4. The histology of testis from the control and all treated rats 

I: Normal control rats, II: Oral application of the extract of 100mg/kg Body Weight (BW), III: Oral administration of the extract at a dose level of 
250mg/kg BW, IV: Oral administration of the extract at a dose level of 500mg/kg BW, and V: Oral administration of the extract at a dose level 
of 1000mg/kg BW. Central vein (black arrow), sinusoids (blue arrowhead), and hepatocyte (green arrowhead).

Ramzani Ghara et al. Acute Oral Toxicity of I. tinctoria. Iran J Health Sci. 2022; 10(4):35-50

https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


Autumn 2022, Vol 10, Issue 4

41

4. Discussion

The tendency to use natural dyes has increased world-
wide [29]. The blue color of I. tinctoria is one of the old-
est dyes known to humans. Indigo has an attractive blue 
color, high color stability, and high strength to combine 
with different natural colors. In the world, indigo is wide-
ly used as a medicinal plant. In Iran, the leaves of this 
plant are used to treat foot pain, burns, and food cracks. 
Also, antioxidant, anti-diabetic, anti-inflammatory, and 
anti-dyslipidemic properties of this plant have been re-
ported. In the present study, oral toxicity of I. tinctoria 

extract was evaluated by FTIR spectroscopy combined 
with histopathological and serum biochemical assays 
in Wistar rats. Rats were divided into five groups (n=5 
for each group). Group I served as the control, and 
the other four groups received respectively 100mg/kg 
(Group II), 250mg/kg (Group III), 500mg/kg (Group IV), 
and 1000mg of I. tinctoria per kg BW (Group V) for 14 
days. The normality of data was determined using the 
Shapiro-Wilk normality test, all data were normal with 
homogen variances, and then, data were analyzed using 
the GLM procedure of the software.

Figure 5. Histological study of kidneys of all treated rats

 I: Normal control rats, II: Oral application of the extract of 100mg/kg Body Weight (BW), III: Oral administration of the extract at a dose level of
 250mg/kg BW, IV: Oral administration of the extract at a dose level of 500mg/kg BW, and V: Oral administration of the extract at a dose level
 of 1000mg/kg BW (stained with H & E and magnification: 10×). Normal histological appearance of seminiferous tubules in all treated groups.
Seminiferous tubules (black arrow) and seminiferous epithelium (blue arrowhead).

Ramzani Ghara et al. Acute Oral Toxicity of I. tinctoria. Iran J Health Sci. 2022; 10(4):35-50

Figure 6. Histological study of liver of all treated rats

 I: Normal control rats, II: Oral application of the extract of 100mg/kg Body Weight (BW), III: Oral administration of the extract at a dose level of
 250mg/kg BW, IV: Oral administration of the extract at a dose level of 500mg/kg BW, and V: Oral administration of the extract at a dose level
 of 1000mg/kg BW (stained with H & E and magnification: 10×). Normal histological appearance of seminiferous tubules in all treated groups.
Seminiferous tubules (black arrow) and seminiferous epithelium (blue arrowhead).
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According to the findings in the present study, the 
experimental treatments had no influence on the 
food and water consumption of rats during the experi-
ment. Aylward et al. reported that Indigofera species 
did not change growth rates relative to control feeds 
[30]. Kumar et al. reported that animals treated with 
an aqueous extract of I. aspalathoides, a species of 
Indigofera, at a dose of 250mg/kg BW, did not alter 

the food and water intake [17]. Moreover, they sug-
gested that the plant extract had no toxic side effects. 
A study also reported that the chemopreventive effect 
of I. aspalathoides and no sub-acute toxicity was ob-
served [31]. Therefore, no alteration in BW, as well as 
feed and water intake of rats, may imply the nontoxic 
effects of I. tinctoria on these animals.

Table 2. Tissues’ fourier transform infrared spectroscopy absorption band area ratio for selected bands of all experimental groups

Tissue
Band Area Ratio Groups

I II III IV V

Liver
I1536/I1652 0.929 0.931 0.929 0.930 0.931

I1536/I3291 0.466 0.466 0.466 0.467 0.466

Kidney
I1537/I1652 0.930 0.929 0.930 0.930 0.929

I1537/I3291 0.466 0.466 0.466 0.466 0.466

Testis
I1538/I1651 0.931 0.931 0.929 0.930 0.931

I1538/I3292 0.467 0.467 0.466 0.467 0.466

I: Normal control rats, II: Oral application of the extract of 100mg/kg Body Weight (BW), III: Oral administration of the extract at a dose 
level of 250mg/kg BW, IV: Oral administration of the extract at a dose level of 500mg/kg BW, and V: Oral administration of the extract at a 
dose level of 1000mg/kg BW. 

Table 3. General band assignments of testis tissue of normal rats 

Peak No.
Absorption Frequency cm-1

Tentative assignments
I II III IV V

1 3292 3291.04 3293.36 3292.45 3293.94 N-H stretching of Amide-A

2 2926 2926.84 2927.08 2925.75 2926.88 C-H asymmetric stretching of CH2 (lipids)

3 2861 2860.30 2861.24 2859.31 2861.17 C-H symmetric stretching of –CH3 (mem-
brane fatty acids) 

4 2360 - 2357.87 2359.85 2356.67 C-H stretching 

5 1651 1652.33 1652.24 1652.49 1653.04 C=O symmetric stretching band of α-helical 
structure (Amide-I)

6 1538 1538.08 1537.54 1539.11 1535.80 N-H bending in plane and C-N stretching of 
amino acids (Amide-II)

7 1455 1395.52 1454.55 1455.06 1454.25
C=Osymmetric stretching of COO- of 

amino acids side chains; CH2 bending of 
mainly fatty acids (membrane lipids)

8 1395 - 1394.98 1398.60 1395.01 COO-symmetric stretching: fatty acids

9 1235 1236.49 1236.89 1237.06 1237.37 PO2−asymmetric stretching: mainly nucleic 
acids and phospholipids

10 1071 1072.48 1079.13 1072.63 1073.66 PO2−asymmetric stretching: mainly 
nucleic acids

11 696, 530 - 691.32
530.43

695.19
530.75

679.88
532.19 Fingerprinting region: mainly nucleic acid

I: control, II:  100 mg/kg  I. tinctoria administrated rat,  III:  250 mg/kg  I. tinctoria administrated rats, IV: 500 mg/kg  I. tinctoria administrated 
and V: 1000 mg/kg  I. tinctoria administrated rats.
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Table 4. General band assignments of liver tissue of normal rat.

Absorption Frequency cm-1
Tentative assignments

I II III IV V

3291 3298.72 3292.13 3292.18 3297.17 N-H stretching of Amide-A

2927 2925.83 2925.58 2926.48 2926.01 C-H asymmetric stretching of CH2 
(lipids)

2357 2858.81 2857.97
2356.61

2859.95
2356.83

2858.78
2358.03 C-H stretching 

1652 1652.16 1652.45 1652.89 1651.12 C=O symmetric stretching band of 
α-helical structure (Amide-I)

1536 1538.42 1535.97 1537.88 1537.94 N-H bending in plane and C-N 
stretching of amino acids (Amide-II)

1453 1454.83 1455.34 1454.54 1455.27 CH2bending; lipids and proteins

1400 1395.98 1397.45 1397.65 1401.28 COO−symmetric stretching: fatty 
acids

1235 1235.29 1235.06 1235.35 1234.59 PO2−asymmetric stretching: mainly 
nucleic acids and phospholipids

1071 1066.30 1066.39 1068.43 1065.88 PO2−asymmetric stretching: mainly 
nucleic acids

685 -
536.45

674.60
531.71

671.50
530.90

692.58
529.11

Fingerprinting region: mainly 
nucleic acid

I: control, II:  100 mg/kg  I. tinctoria administrated rat,  III:  250 mg/kg  I. tinctoria administrated rats, IV: 500 mg/kg  I. tinctoria administrated 
and V: 1000 mg/kg  I. tinctoria administrated rats.

Table 5. General band assignments of kidney tissue of normal rat.

Absorption Frequency cm-1
Tentative assignments

I II III IV V

3291 3291.01 3292.34 3292.92 3292.41 N-H stretching of Amide-A

2926 2929.06 2927.00 2926.04 2927.72 C-H asymmetric stretching of CH2 (lipids)

2859 - - 2859.99 - C-H asymmetric stretching of CH2 (mem-
brane fatty acids) 

2357 2356.40 - 2357.96 - C-H stretching 

1652 1651.81 1651.52 1652.42 1651.92 C=O symmetric stretching band of 
α-helical structure (Amide-I)

1537 1535.45 1536.06 1536.92 1535.55 N-H bending in plane and C-N stretching 
of amino acids (Amide-II)

1455 1454.81 1453.97 1455.23 1453.45 CH2 bending; lipids and proteins

1396 1397.18 1397.66 1400.00 1398.79 COO−symmetric stretching: fatty acids

1234 1235.52 1235.45 1234.45 1235.44 PO2−asymmetric stretch: mainly nucleic 
acids and phospholipids 

1067 1071.73 1069.48 1066.26 1070.53 PO2−asymmetric stretch: mainly nucleic 
acids

681, 530 685.54
531.86

696.88
530.41

691.22
528.70

696.79
531.17 Fingerprinting region: mainly nucleic acid

I: control, II:  100 mg/kg  I. tinctoria administrated rat,  III:  250 mg/kg  I. tinctoria administrated rats, IV: 500 mg/kg  I. tinctoria administrated 
and V: 1000 mg/kg  I. tinctoria administrated rats.
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Figure. 7. The representive Fourier transform-infrared (FT-IR) spectra of rat testis tissues in the ~4000-
400 cm-1 region (A). The FT-IR spectra from ~3600-3050 cm-1 region (B); The FT-IR spectra from 
~3050-2800 cm-1 region (C) and The FT-IR spectra from ~1800-800 cm-1 region (D). Group I: control, 
Group II:  100 mg/kg  I. tinctoria administrated rat,  Group III:  250 mg/kg  I. tinctoria administrated rats, 
Group IV: 500 mg/kg  I. tinctoria administrated and Group V: 1000 mg/kg  I. tinctoria administrated rats. 
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Figure. 7. The representive fourier transform-infrared (FT-IR) spectra of rat testis tissues in the ~4000-400 cm-1 region (A). The FT-IR spectra 
from ~3600-3050 cm-1 region (B); The FT-IR spectra from ~3050-2800 cm-1 region (C) and The FT-IR spectra from ~1800-800 cm-1 region 
(D). Group I: control, Group II:  100 mg/kg  I. tinctoria administrated rat,  Group III:  250 mg/kg  I. tinctoria administrated rats, Group IV: 500 
mg/kg  I. tinctoria administrated and Group V: 1000 mg/kg  I. tinctoria administrated rats.
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Figure. 8. The representive  Fourier transform-infrared (FT-IR) spectra of rat liver tissues in the ~4000-
400 cm-1 region (A) . The FT-IR spectra from ~3600-3050 cm-1 region (B); The FT-IR spectra from 
~3050-2800 cm-1 region (C) and The FT-IR spectra from ~1800-800 cm-1 region (D). Group I: control, 
Group II:  100 mg/kg  I. tinctoria administrated rat,  Group III:  250 mg/kg  I. tinctoria administrated rats, 
Group IV: 500 mg/kg  I. tinctoria administrated and Group V: 1000 mg/kg  I. tinctoria administrated rats.  
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To the best of our knowledge, the toxic effect of I. tinc-
toria on testes, liver, and kidney, and biochemical and 
biophysical parameters of animal models, has not been 
investigated. The liver is an important body organ in me-
tabolism and detoxification. Liver enzyme activities such 
as ALT and AST indicate liver injury, as enzymes leaking 
from liver cells cytosol into the bloodstream correlate 
with diseases such as diabetes, toxicant, and inflamma-
tory processes of the liver [32, 33]. In the present study, 
100mg/kg I. tinctoria-treated rats showed significant 
decrease of ALT level (P<0.05) with compared to control 
rats. There was no difference between the other groups. 
This finding indicates the plant hepatoprotective effect 
at a dose level of 100mg/kg [34]. Inconsistent with our 
results, Muthulingam et al. studied the impact of I. tinc-
toria on paracetamol-induced liver damage in rats and 
showed decreased ALT levels in 250 and 500mg/kg I. 
tinctoria-treated rats [35]. 

Serum creatinine and urea are the major indicators 
of kidney failure. The increased levels of creatinine and 
urea have been reported in gentamicin-induced nephro-
toxicity in rats [36]. The current study showed no differ-
ence in serum urea concentration between treatments. 
Moreover, the serum urea concentration of 1000mg/kg 
and 250mg/kg of plant administration was close to sig-
nificant (P=0.06). The liver also contributes to the syn-
thesis of lipoproteins and the metabolism of cholester-
ol. An increase in plasma lipids, particularly cholesterol, 
is a common feature of diseases, such as heart disease 
and diabetes [37]. A study confirmed that the changes 
in plasma lipids could serve as a simple indicator for 
assessing liver disorders [38]. In the current study, I. 
tinctoria administration had no effects on the serum 
HDL of rats compared to the control group. In addition, 
the results revealed that triglyceride concentrations in 
group II (100mg/kg) were lower than in the control and 
groups III and IV groups (P<0.05). Tsuji et al. reported 
that rats’ treatment with the indigo plant (Polygonum 
tinctorium Lour) improved lipid profiles and suggested 
its application as a food supplement [39]. We found that 
I. tinctoria regulates lipid profiles, including TG and HDL. 
To our knowledge, this is the first study showing that I. 
tinctoria regulates lipid metabolism in vivo. 

In the present study, blood glucose levels were esti-
mated. Results indicated that 100mg/kg BW of the 
extract was more effective than 500mg/kg in lowering 
glucose concentration. Studies on the leaves of the ge-
nus Indigofera, i.e., I. tinctoria, I. affect, and I. pluchra, 
indicate the presence of natural products that produce 
hypoglycemic effects [40, 41].

Protein plays a critical role in interactions between the 
intra- and extra-cellular media of animal cells. Proteins 
are of great importance in the synthesis of microsomal 
detoxifying enzymes and detoxifying the toxicants that 
enter the body [42]. The results show that, the adminis-
tration of different doses of the aqueous extract led to 
no changes in total protein. 

The reproductive system is one of the most susceptible 
body organs to toxic agents. Then, the study of its response 
to each xenobiotic or external treatment is very important. 
To determine the toxic oral effect of I. tinctoria on the repro-
ductive functions of healthy male rats, we studied the histo-
pathological status of the testis. In the present study, no ab-
normalities were observed in I. tinctoria-treated rat testis. It 
can be explained due to the antioxidant activity of I. tinctoria.

Sreepriya et al. reported the antioxidant activity of I. tinc-
toria, which is very effective in oxidative stress-induced 
liver damage [43]. The control rats’ livers showed that the 
hepatic cells are radially placed, and each cell has a large 
spherical nucleus and granular cytoplasmic structure with-
out any injury. Dkhil et al. reported that Indigofera oblon-
gifolia fights against hepatic injury. The hepatoprotective 
effect of Indigofera can be explained due to its antioxidant 
activities [44]. It was shown that Indigofera oblongifolia 
was successful in preventing lead acetate accumulation in 
the liver and kidneys [45]. In the present study, biochemi-
cal results were supported by histopathological data. 

The areas of the absorption bands in the FTIR spec-
trum are directly associated with the concentration of 
the molecules [46]. The results of testes FTIR showed 
that three bands region at ~2360 cm-1, ~696 cm-1, and 
~530 cm-1 were missing in rats that received 100mg/kg 
of the extract. Stuart reported that a peak around ~2300 
cm-1 was due to the CH-stretching of lipids [47]. Raouf 
et al. studied the neurons of the rat brain by using FTIR 
spectroscopy. They reported that the peaks between 
~1000 to ~400 cm-1 regions belong to nucleic acids [48]. 

In the current study, according to the findings, the 
testes lipids and nucleic acids of group II have changed; 
however, no changes were observed in other I. tincto-
ria-treated animals. Also, the detailed spectral analysis 
was done in three distinct frequency ranges, to deter-
mine the details of macromolecules changes. The peaks 
between ~3600 and 3050 cm-1 regions mainly consist 
of amide-A vibrations of proteins. The band appearing 
at ~3292 cm-1 in the control group did not significantly 
change in other treated groups. This finding indicates 
that the protein content did not change due to various 
doses administered to the rats.
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The main band at ~1235 cm-1 and ~1071 cm-1 were 
because of the asymmetric stretching vibration of phos-
pholipids, and related to PO2− asymmetric stretching: 
mainly nucleic acids, respectively. Results obtained from 
serum lipids profiles showed that triglyceride level was 
decreased in 100 mg/kg of I. tinctoria administrated rats 
in accordance with the lipid changes in FTIR result. How-
ever, there is limited information in the literature, and 
further studies using FTIR are required to investigate the 
likely impacts of I. tinctoria extract on different body or-
gans of model animals.

The band ratios area of amide-II/amide-I and amide-
II/amide-A had not changed in any treated groups. The 
results show that I. tinctoria does not affect the α-helix 
and β-sheet secondary structure of proteins in all treat-
ed rats compared to the control group. 

5. Conclusion

In recent years, the tendency to use natural colors is 
rising due to the side effects of some synthetic colors. 
Along with the growing public awareness of the dangers 
posed by using synthetic colors, people are returning 
to using natural colors that are more environmentally 
friendly. In the present study, oral toxicity of I. tinctoria 
as a source of natural color was evaluated. According to 
results obtained from biochemical and histopathologi-
cal assays, the aqueous extract of I. tinctoria is nontoxic 
and safe at doses of 100, 250, 500, and 1000mg/kg BW. 
Moreover, FTIR findings revealed that 100mg/kg BW ad-
ministration of extract caused changes at the molecular 
level, which requires further studies. Further investiga-
tion into its medicinal and therapeutic efficacy could 
also be considered. 

Study limitations

The study’s major limitation is that the exact mecha-
nism of action of I. tinctoria extract could not be ex-
plained. Therefore, further research may be needed 
to support our results.
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