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ABSTRACT

Background: Luteolin is a flavonoid with some useful pharmacological properties yet its safety profile has not been
fully delineated .Objectives of the study were to investigate the effects of luteolin on blood and liver functions, and
make necessary recommendations regarding therapeutic use of luteolin.

Methods: A total of 33 adult albino rats (average weight) were used in this study. Oral LD50 of luteolin was carried
out with 13 rats using modified Lorke’s method. The other 20 rats were divided into 4 groups comprising of 5 rats
per group (n=5 per group) for biochemical, haematological and histopathological studies which were carried out for
28 days. Group I was used as control and received orally 10 ml/kg of distilled water. Groups ILIII and IV also orally
received 50 mg/kg,100 mg/kg and 200 mg/kg of luteolin respectively. Blood samples were collected from each rat in
the different groups before treatment, on 14 and 28™ days respectively and after repeated daily dosing. The liver of
the rats were extracted and examined for histological changes.

Results: Results show that all doses of luteolin had significant (p<0.05) elevation of some blood indices (RBCs, PCV,
Hb) while WBCs was not elevated. There was significant (p<0.05) increase in liver enzymes such as ALT, AST and
ALP.

Conclusion: The study indicates that high doses (> 200 mg/kg) and prolonged use of luteolin may increase hepatic
enzyme activity while low doses ( < 50 mg/kg) and are hepatoprotective. No significant liver damage was observed
based on histopathological results.
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to its efficacy in healing, with a wide spectrum of biological, anti-

BACKGROUND ulcerogenic, neuroprotective , antioxidant, and antibacterial
activities [2]. Luteolin and its derivatives have been isolated from

Although luteolin have several pharmacological properties witha 4 wide variety of natural sources; these isolates such as luteolin
promising therapeutic potential, its safety profile has not been  glycosides and  luteolin  rutinoside  possess  several
fully delineated. Luteolin is a flavone, a type of flavonoid found  pharmacological activities [3,4].Apart from the natural isolates,
in combination with glycosides. It is present in several plant gynthetic and semisynthetic luteolin have been obtained
products, including broccoli, pepper, and celery [1] as well as  through different methods. Some methods require use of

olive oil (Oleaeuropaea L.), peppermint (Menthapiperita L.), catalysts and metal complexation. Luteolin, like other flavonoids
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have many medicinal properties. Studies with mice suggest that
luteolin treatment serves as a key role in improving the
psychological stress-induced cognitive impairments [5,6]. This
indicates that luteolin may enhance brain function, memory
and cognition. Moreover, neuroprotective effects of luteolin has
been documented in the management of epilepsy, Alzheimer’s
disease, autism spectrum disorders, Parkinson disease as well as
traumatic brain injury. Such pharmacological effects of luteolin
have been linked to its ability to ameliorate neuroinflammation.
Some clinical trials show the effectiveness of luteolin on diabetes
mellitus type II, and some kinds of cancers [7].

However, notwithstanding the antioxidant property of luteolin,
safety profile of luteolin remains unclear. Recent reports suggest
that luteolin and its analogues may be deleterious to mammalian
cells due to their effects on the endocrine system. This is likely
attributed to the estrogenic activity of luteolin and its ability to
antagonize progesterone receptor activation [8]. Presently, there
are negligible clinical trials evaluating the therapeutic effects of
luteolin in a large cohort. Furthermore, there is growing need
for natural products that will take the place of synthetic drugs in
the management of some chronic disease states. Therefore, this
study investigated the effect of luteolin on the hepatic and
hematopoietic systems in albino rats.

METHODS

Animals

Male albino rats weighing between 180 g and 200 g were used in
the study. These animals were bred and housed in the Animal
House of the Faculty of Pharmaceutical Sciences, Nnamdi
Azikiwe University, Anambra State, Nigeria.

The animals were separated and acclimatized in a cage for ten
days, maintained at room temperature with adequate ventilation
and naturally illuminated environment. They were fed with
commercial rat chow (Vital Feeds Nigeria Limited) ad libitum,
and liberally supplied with distilled water. The animals were
handled according to the Guide for the Care and Use of
Laboratory Animals as established by the National Research
Council (NRC) [9].

Materials

The reagents used were: Aspartate aminotransferase (AST) Teco
Diagnostic kit, Alanine aminotransferase (ALT), Alkaline
phosphatase (ALP), deionized water and distilled water. Major
equipment instruments used include: Spectrophotometer
(Jenway, UK), Microhematocrit (Jenalab Medical, England), The
plant extract used was pure sample of luteolin (Chengdu

Biopurify Phytochemicals Ltd, BP0O896, Lot: PRF7031021,>95%
purity).

Determination of acute toxicity (LD50) by oral route

The modified Lorke’s method [10] was wused in the
determination of oral acute toxicity of luteolin with a total of 13
rats. Two phases were involved in the process. In phase I, the
rats were divided into three groups (n=3 per group) and their
weight determined. Luteolin was orally administered to each of
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the animals using cannula in the dosages of 10, 100 and 1000
mg/kg per group respectively. The animals were constantly
monitored for the next one hour, intermittently for the next 3
hours and over a total period of 24 hours for behavioural
changes and mortality.

In Phase I, four groups (n=1) of rats received 2000, 3000, 4000
and 5000 mg/kg of luteolin respectively. Behavioural changes
and mortality were recorded.

Administration of luteolin

A total of 20 adult albino rats was used in this study. They were
weighed and grouped into 4 of 5 rats per group (n=5). Group I
served as the control and was orally given 10 mg/kg distilled
water. Group II was given 50m g/kg luteolin, group III received
100 mg/kg while group IV received 200 mg/kg orally
respectively. All luteolin administered was a single daily dose
and lasted for 28 days. Blood sample was collected from each
animal through ocular-puncture and was analysed for liver and
haematological parameters. Blood sample was collected from
each animal before treatment (pre-treatment), on day 14 and day

28.

Parameters (Blood and Liver markers)

Liver parameters (ALT, ALP, AST), were colorimetrically
determined using the procedure described by Tecodiagnostics
[11,12] with absorbances at 340 nm, 600 nm and 340 nm.
Packed cell volume (PCV) was determined by microhematocrit
method similar to Bull et al., 2017.Haemoglobin (Hb) was done
using Sahlis method [13], while white blood cell (WBC) and red
blood cell (RBC) were carried out by haemacytometric method
as described by Reddy et al. [14]. Histological examination of the
liver was done as described by Bancroft et al. [15].

Data analysis

Data obtained were expressed as Mean + SEM (Standard Error
Mean). Statistical analyses was performed by one-way analysis of

variance (ANOVA) and p values<0.05 were considered
statistically significant.

RESULTS

Figures 1-4 shows the photomicrographs of histological sections
of rat’s liver. Figure 1 shows normal liver of the control rat
(H&EX100) whereas Figures 2 and 3 show visibly normal livers
at dose 50 mg/kg of luteolin and 100 mg/kg (H&EX100)

respectively).

Figure 4 shows slightly altered liver tissue at 200 mg/kg of
luteolin (H&EX100).The arrows show the regions of alterations.
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Figure 1: The normal liver of the control rat (H&EX100).

Figure 2: The visibly normal liver at dose 50 mg/kg of luteolin.

Figure 3: The visibly normal liver at dose 100 mg/kg (H&EX100).
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Figure 4: Slightly altered liver tissue at 200 mg/kg of luteolin
(H&EX100).The arrows show the regions of alterations.

Table 1 shows the result of acute toxicity (LD50) of orally
administered luteolin obtained by Lorke [10]. Phase (I) had
three groups of animals (n=3) while phase (II) had four groups
(n=1) of animals. No death was recorded in the study.

Table 1: Acute Toxicity (LD50) of orally administered luteolin.

Group Dose(mg/Kg) NOD
1 10 0/3
Phase I 2 100 0/3
3 1000 0/3
1 2000 0/1
2 3000 0/1
Phase II
3 4000 0/1
4 5000 0/1

Note: SOT=Sign of Toxicity, NOD=No of Death. LD50> 5000 mg/kg

Table 2 displayed the mean liver parameters (ALT, AST and
ALP), indicating administered doses of luteolin per mg/kg
measured on 14th and 28th days respectively. In comparison
with pre-treatment values, there was significant (p<0.05) increase
in ALT on 14th day for doses of 50, 100 and 200 mg/kg

respectively.

AST indicates significant (p<0.05) decrease on 14th day on both
100 mg/kg and 200 mg/kg as well as on 28th day of 200 mg/kg.
There was significant (p<0.05) increase in all the doses in both
the 14th and 28th day when compared with the pre-treatment.

From the mean blood parameters measured in table 3, there was
significant (p<0.05) increase in packed cell volume (PCV) at 100
and 200 mg/kg doses on the 14th day when compared with pre-
treatment.

All doses of luteolin administered on 28th day showed no
significant increase in PCV of blood. Also, there was significant
increase (p<0.05) in hemoglobin (Hb) on administered doses of
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100 mg/kg and 200 mg/kg of luteolin while all administered
doses of luteolin on 28th day were not significant (p>0.05).

Table 2: Mean * Parameters of ALT (IU/L), AST (IU/L) and ALP
(IU/L).
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category (IV) which is interpreted as optionally harmful if
swallowed.

Table 3: Mean * Parameters of PCV (%), Hb (g/dl), RBC(x106 /uL)
and WBC (x 103 /uL).

Duration of Administration Luteolin

Duration of administration luteolin

Parameter Luteoli Parameters Luteolin
s (Liver) (mg/kg) Pre 14th Day 28thDay (Blood) (me/kg) Pre- 14th Day 28th Day
treatment treatment
0 23.90+£0.10 23.60 +=5.90 26.53 £ 3.56 Control 0 33.8+0.97 43.0+0.70 36.8+1.74
50 32.60 £8.80 55.07 + 16.76* 54.20 + 0.00* 50 36.2+037 36.8+0.5808 344 +0.9308
Control . ns
200 31.8+£0.37 454 +2.01* 36.0 £ 0.84bs
75+, 73 +17.67% 49.40 £11.7708
2000 BT5xT65 7075+ 17.67 Control 0 11284033 1434023 1226058
ns
0 2495+ 115 2950+590  39.57+3.27 50 12065011 1228 +0.20ns 11.48£0.28
ns ns
Control 0 33152765 23.60£ 5907 40.30 £0.00 Hb 100 1226 £0.16 14.60+0.47* 1120 +0.310
AST
* ns
100 67.95 £8.85 35.37 £10.19* 5143 +4.91 200 1060 £ 013 15.16 £ 0.67* 12,02 40291
200 76.80 + 17.70 58.93 + 21.24* 54.50 + 7.04*
Control 0 5.62+0.16 6.12+0.12 6.14 £ 0.29
0 17.20+£0.90 30.20 £ 1.20 46.40 + 15.96
50 6.04 £0.07 7.16 £ 0.12% 5.72 +0.15D08
Control 50 17.20 £0.90  26.60 = 1.20*  29.10 + 0.00*
AE; o RBC 100 6.14£0.09 730£023* 560015
100 16,47 £+ 0.17  27.80 £ 1.20*  25.57 +2.04*
200 530+0.05 7.54+034* 598+0.13"°
200 17.20+0.90 29.00 + 2.08* 30.70 +6.78
Control 0 494 +0.35 4.85+0.33 5.12 £0.21
Note: ALT= Alanine Aminotransferase, AST= Aspartate amino- oS
Transferase, ALP=Alkaline Phosphatase, Number of animals per 50 514 +1.13  4.39+0.1788  590+0.19
group(n)=5, *=significant (p<0.05), ns=not significant (p>0.05).
WBC 100 4.66+031 4.95+0.060"5 4.83+0.087
The mean red blood cell (RBC) showed significant (p<0.05) 200 5765056 52940477 5.60 £0.55™

increase on all doses administered on 14th day only. The mean
white blood cells (WBC) measured showed no significant
increase in all the doses of luteolin administered.

Note: PCV=Packed Cell Volume, Hb= Haemoglobin, RBC=Red
Blood Cell, WBC=White Blood Cell, ns=not significant (p>0.05), *=
significant (p<0.05), number of animals per group (n)=5

DISCUSSION

In the result, the acute toxicity value (LD50) of the pure luteolin
sample was above 5000 mg/kg. This implies that the flavonoid is
not acutely toxic. This was also evident as no death was recorded
at the different concentrations of luteolin administered. Oral
(LD50) of luteolin obtained might be considered practically
non-toxic based on Hodge and Sterner scale of toxicity [16].
However, it might not be harmless or absolutely non-toxic on
chronic consumption especially at high doses. This is because
U.S Environmental Protection Agency, as compiled by Paris et

al. [17] classified any chemical whose LD50>5000 mg/kg in
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The result of haematological indices shows significant (p<0.05)
increases in mean red blood cells, packed cells volume and
haemoglobin concentration when compared to the pre-
treatment at doses 100 mg/kg and 200 mg/kg on the 14th day.
The 28th day result was not significant suggesting that luteolin
might have favourable effect on the blood indices. This is
supported by earlier studies on oral consumption of
bioflavonoids which have shown to be effective in preventing
oxidative stresses which damage red blood cells as also observed
by Asgary [18]. Moreover, there was no significant (p>0.05)
increase in White Blood Cells at doses of 50 mg/kg, 100 mg/kg

and 200 mg/kg. This implies absence of infection or immune
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stimulation which is in agreement with the antimicrobial effects
of luteolin as studied by Tormakangas et al. [19].

There were significant (p<0.05) increases in the liver function
parameters tested, ALT, AST and ALP in the animals treated on
both the 14th and 28th days of treatment when compared with
the pre-treatment and the negative control. These increases in
liver enzymes with increase in doses of luteolin and duration of
treatment suggest that high doses and prolonged use of luteolin
increase liver enzyme activity. This result is in agreement with
study by [20]; they opined that
accumulation of the flavonoid in the liver could be cytotoxic to
the hepatocytes and possibly lead to DNA damage. The
histopathological results virtually show no significant damage to

Lopez-Lazaro chronic

the liver. However, prolong use and increased doses may show
damage.

CONCLUSION

Result of the study indicates that high doses and prolonged use
of luteolin may increase hepatic enzyme activity while low doses
are hepatoprotective. However, the study opined that chronic
use at high doses could result to liver damage.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The study is mainly animal study.Ethical approval was obtained
from the research and ethics committee of Faculty of
Pharmaceutical ~Sciences,NnamdiAzikiwe University, Awka,
Nigeria.

AUTHORS’ CONTRIBUTIONS

CKO: Conceived of the study. CPI and CAA: Designed and
supervised the study. ACO: Procured the kits and carried out
the dissection of tissues. CEO: Carried out the acute and
subchronic toxicity study, collected, and its analyzed interpreted
the data statistically and wrote the manuscript. ]NO: carried out
major corrections on the manuscript. All authors read and
approved the final manuscript.

ACKNOWLEDGEMENT

We acknowledge the Faculty of Pharmaceutical Sciences,
Nnamdi Azikiwe University, Nigeria for use of facilities.

REFERENCES
1. Nabavi SF, Braidy N, Gortzi O, Sobarzo-Sanchez E, Daglia M,

Skalicka-Wozniak K, et al. Luteolin as an anti-inflammatory and
neuroprotective agent: A brief review. Brain Res Bull.2015;119:1-1.
2. Upadhyay A, Agrahari P, Singh DK. A review on the

pharmacological aspects of Terminalia chebula. Int J Pharmacol.

2014;10(6):289-298.

J Clin Toxicol, Vol.10 Iss.2 No:1000434

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

OPEN 8 ACCESS Freely available online

Asif M, Khodadadi E. Medicinal uses and chemistry of flavonoid
contents of some common edible tropical plants. ] Paramed Sci.
2013;4(3):119-138.

LopezLizaro M. Distribution and biological activities of the
flavonoid luteolin. Mini Reviews Med Chem.2009;9(1):31-59.

Liu Y, Gou LS, Tian X, Fu XB, Ling X, Sun LY, et al. Protective
effects of luteolin on cognitive impairments induced by
psychological stress in mice. Exp Biol Med.2013;238(4):418-425.
Kwon Y. Luteolin as a potential preventive and therapeutic
candidate for Alzheimer's disease. Exp Gerontol.2017;95:39-43.
Shamsizadeh A, Roohbakhsh A, Ayoobi F, Moghaddamahmadi A.
The role of natural products in the prevention and treatment of
multiple sclerosis. In: Nutrition and lifestyle in neurological
autoimmune diseases.2017:249-260).

Nordeen SK, Bona BJ, Jones DN, Lambert JR, Jackson TA.
Endocrine disrupting activities of the flavonoid nutraceuticals
luteolin and quercetin. Horm Cancer.2013;4(5):293-300.

National Research Council. Guide for the care and use of
laboratory animals. National Academies Press; 2010.

Lorke D. A new approach to practical acute toxicity testing. Arch
Toxicol.1983;54(4):275-2817.

Nwufo KC, Ene AC, Emejulu AA, Obasi UK, Ene CU.
Antidiabetic properties of ethanolic root extract of Mucuna
pruriens on alloxan induced diabetic rats. Int ] Res Pharm and
Biosciences.2017;4(5):17-29.

Bull BS, Koepke JA, Simson E, Assendelft OW (3rd edn)
Procedure for Determining Pack Cell Volume by the
Microhematocrit Method.2017;20:18.

Dayyal D. Sahli’s Acid Hematin Methodn for the Estimation of
Hemoglobin. BioScience.2016;1-3.

Reddy VH. Automatic red blood cell and white blood cell
counting for telemedicine system. Int J Res Advent Technol.
2014;2(1).

Bancroft JD, Gamble M. Theory and practice of histological
techniques. Elsevier health sciences; 2008.

Hodge A, Sterner B. Toxicity classes. Canadian center for
occupational Health and safety. 2005.

Paris M, Strickland ], Allen D, Casey W. Using Acute Oral
Toxicity Data to Estimate Acute Dermal Hazard Classification and
Labeling of Pesticide Actives. NICEATM SOT 2015 Poster.
2015:1-17.

Asgary S, Naderi GH, Askari N. Protective effect of flavonoids
against red blood cell hemolysis by free radicals. Exp Clin Cardiol.
2005;10(2):88-90.

Tormakangas L, Vuorela P, Saario E, Leinonen M, Saikku D,
Vuorela H. In vivo treatment of acute Chlamydia pneumoniae
infection with the flavonoids quercetin and luteolin and an alkyl
gallate, octyl gallate, in a mouse model. Biochem Pharmacol.
2005;70(8):1222-1230.

Lopez-Lazaro M. Flavonoids as anticancer agents: structure-activity
relationship study. Curr Med Chem AntiCancer Agents.
2002;2(6):691-714.



	内容
	Evaluation of the Effect of Luteolin on the Hepatic and Hematopoietic Systems in Albino Rats
	ABSTRACT
	ABBREVIATIONS:
	BACKGROUND
	METHODS
	Animals
	Materials
	Determination of acute toxicity (LD50) by oral route
	Administration of luteolin
	Parameters (Blood and Liver markers)
	Data analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	AUTHORS’ CONTRIBUTIONS
	ACKNOWLEDGEMENT
	REFERENCES


