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Introduction
The development of therapeutic agents from natural products 
has renewed the world interest and has stimulated scientists on 
the benefits of medicinal plant research as an alternative scien-
tific tool for the treatment of diseases.1-3 Despite the afore-
mentioned, there are unexplored and yet to be screened herbs 
for phytochemical and biologic activities; however, with high 
throughput screening methods, these numbers are vast reduc-
ing globally.4,5

The Malpighiaceae is a medium-sized family of tropical 
and subtropical flowering plants comprising about 1200 to 
1300 species divided into 77 genera.6,7 Acridocarpus smeath-
mannii (DC.) Guill. & Perr. (Malpighiaceae) is found in tropi-
cal West Africa.8 Its common names in Africa include Elerujo, 
Gborígborí (Nigeria), Fu kéréfu, Fu tabéfu (Senegal), Golonge, 
Kamaiir (Sierra Leone), and Alasaayo (Ghana).9 A. smeath-
mannii root is used locally for the management of blood disor-
ders, infertility, pains, and others.3,10 Botanical and anatomical 
descriptions for A. smeathmannii have been documented in 
literature.6

Haemolytic disorder (HD) causes anaemia, which is affect-
ing people of all ages and posing a great threat to the global 

health care. The global prevalence of anaemia for the general 
population is on the increase, and it is estimated that 1.62 bil-
lion people are affected by this disease.11 Chemical exposures, 
including the administration of some drugs have been found to 
alter the lifespan of red blood cells (RBCs) in the body,12,13 and 
HD is a part of the clinical syndrome associated with such 
intoxication.14,15 Several chemicals can cause haemolysis via 
interaction with sulfhydryl groups, the inhibition of various 
enzymes, immune mechanisms, and the fragmentation of 
erythrocytes as they pass through the platelet (PLT)-fibrin 
mesh or by unknown or poorly defined mechanisms.11 The 
aforementioned described an HD where erythrocytes have a 
shortened life span.13 Phenylhydrazine (PHZ) has been 
described as a suitable substance for inducing HD and study-
ing anaemia mechanisms.11 Phenylhydrazine-induced toxic 
anaemia offers a model for research into the pathogenesis of 
HD and the influence of anaemia on other physiological pro-
cesses or the course of associated diseases.13 Haemolytic disor-
der reduces the capacity of oxygen transfer and increases blood 
iron, which causes a series of changes in the body.15,16 Oxidative 
stress on erythrocytes is considered an important mechanism 
of haemolysis.17 Phenylhydrazine increases reactive oxygen 
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species (ROS) by increasing lipid peroxidation metabolites 
(malondialdehyde, MDA) and decreases antioxidant status, 
respectively.18,19 There are 2 major reasons for this study. First, 
there has been no report on the modulatory effect of A. smeath-
mannii on PHZ toxicity in rodents. Second, its phytochemical 
compositions and in vitro actions have not been reported.

Therefore, this study assessed the modulatory effects of the 
hydroethanolic extract of A. smeathmannii root (HEASR) on 
haematological, biochemical, and oxidative stress parameters in 
PHZ-induced toxicity in male Wistar rats in order to ascertain 
its chemopreventive benefit. In addition, the chemical compo-
sitions were determined.

Materials and Methods
Drugs and chemicals

Dexamethasone (DXM) was purchased from Jiangsu Pengyao 
Pharmaceutical INC., Yixing Jiansu, Longchi Road, China. 
Phenylhydrazine was purchased from Sigma Aldrich®, St 
Louis, MI, USA. All other chemicals and reagents used are of 
analytical grade.

Preparation of plant extract

Fresh roots of A. smeathmannii were collected, authenticated 
(LUH 6638), prepared, and reconstituted as described in our 
previous study.12

In vitro antioxidant assays

The free radical scavenging activity of HEASR in 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay was measured 
as described previously by Pérez-Jiménez et al.20 The nitric-
oxide (NOSAs) and hydroxyl radical scavenging activities 
(HORSAs) of HEASR were assayed by the methods described 
by Ahlemeyer and Krieglstein21 and Özyürek et al,22 respec-
tively. The lipid peroxidation and ferric reducing antioxi-
dant power (FRAP) activities of the extract were assayed by 
the methods described by Singh et  al23 and Firuzi et  al,24 
respectively.

Phytochemical analyses of A. smeathmannii root

The total phenols content was determined by the Folin-
Ciocalteu procedure described by Skerget et al.25 The total fla-
vonoids content was determined by the aluminum chloride 
colorimetric assay.26 Saponins, tannins, alkaloids, terpenoids, 
and glycosides determination followed the methods of Borokini 
and Omotayo.26

Proximate analysis of A. smeathmannii root

Proximate analysis of HEASR followed the method of Paez 
et  al.27 The chemical composition of A. smeathmannii root 

was determined using the Association of Official Analytical 
Chemists (AOAC International) methods.27 The moisture, 
total ash, crude fibre, total fat, and protein were assayed, and 
carbohydrate was obtained by the difference. The energy con-
tent of the seed was calculated using the Bradbury’s equation 
(cloud base in feet = 400 times (temperature/dew point split).27

Experimental animals

A total of 48 male Wistar albino rats (weighing 108-175 g) 
were obtained from a commercial private colony in Badagry, 
Lagos State, Nigeria. The experimental protocols were 
approved by Health Research Ethics Committee, College of 
Medicine University of Lagos (CMUL/HREC/09/18/424) 
and conformed to studies involving experimental animals 
and the procedures as documented.28,29

Induction of acute HD

Phenylhydrazine was administered to induce acute HD in rats 
following an oral administration at a dose of 60 mg/kg body 
weight (dissolved in normal saline) to achieve lower haemato-
logical concentration and haemoglobin (HGB) levels within 
48 hours according to the methods of Lee et  al30 with slight 
modifications. Phenylhydrazine-induced HD, biochemical 
changes, and oxidative stress parameters were used to assess the 
modulation of haematopoietic function in the treated rats via 
mechanisms of actions involving corticosteroid pathway in 
vivo.

Experimental design and treatment.  Rats in the different group 
(6 per group) received treatments as follow: Group 1 (negative 
control) received normal saline (10 mL/kg/day p.o.) daily for 
7 days. Group 2 (toxicant control) received PHZ (60 mg/kg/day, 
p.o.) on days 4 and 5 only. Groups 3, 4, and 5 were administered 
DXM (0.014 mg/kg/day p.o.), HEASR1 (50 mg/kg/day p.o.), 
and HEASR2 (200 mg/kg/day p.o.), respectively, daily for 
7 days. Group 6, 7, and 8 received HEASR2 (200 mg/kg/day), 
DXM (0.014 mg/kg/day), DXM (0.014 mg/kg/day p.o.) +  
HEASR2 (200 mg/kg/day), respectively, daily for 7 days. Fur-
thermore, PHZ (60 mg/kg/day) intoxication was achieved via 
oral administration to Groups 6, 7, and 8 only on days 4 and 5, 
respectively, in addition to extract (HEASR) and DXM treat-
ments. Both HEASR and DXM were administered prior to 
and throughout PHZ intoxication. More so, food and water 
intakes and faeces defecated were measured daily.

Acute oral toxicity test

Acute oral toxicity study was conducted using the limit dose 
test of up and down procedure of Organization for Economic 
Co-operation and Development (OECD/OCDE)31 Test 
Guidelines on Acute Oral Toxicity. All observations were 
systematically recorded with individual records being main-
tained for each rat.29
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Biochemical assessments

Serum total cholesterol and triglyceride levels, as well as liver 
and renal biomarkers were estimated using commercial kits 
obtained from Randox Laboratories Ltd. (Crumlin, UK). High-
density lipoprotein was estimated according to the method of 
Warnick and Albers32 while serum low-density lipoprotein was 
determined following the precipitation method described by 
Wieland and Seidel.33 Total protein concentration was deter-
mined using the Biuret reaction.34 The method of Rahman 
et  al35 was followed in estimating the level of reduced glu-
tathione. The level of superoxide dismutase (SOD) and catalase 
(CAT) activities, and lipid peroxidation level was determined by 
the method of Zhou and Prognon,36 Iwase et al,37 and Shahidi 
and Zhong,38 respectively.

Haematological assessments

Full blood counts were determined using a fully automated 
haematology analyser (Pentra-XL 80, Horiba ABX, USA).39

Necropsy

The animals were sacrificed by cervical dislocation 24 hours 
after the last treatment. Blood samples were collected by car-
diac puncture into plain bottles and centrifuged at 4200 r/min 
at room temperature for 5 minutes to separate serum. The liver, 
kidney, and spleen were removed, cleared of adhering tissues, 
weighed, and processed further. Both sera and respective organ 
homogenates were used for biochemical analysis.13

Measurement of COX-2 activity and corticosterone 
level

Cyclooxygenase-2 (COX-2) activity and corticosterone level in 
serum were assessed using enzyme-linked immunosorbent 
assay (ELISA) kits. Briefly, triplicate samples were tested twice 
per plate [intra assay: coefficient of variation (CV), CV < 8% 
and inter-assay: CV < 10%] in each case and expressed as 
Units/L. The optical density of each well was determined 
according to the manufacturer’s instructions.40,41

Statistics

Results were expressed as mean ± standard error of the mean 
(SEM). Differences between groups were determined by one-
way analysis of variance (ANOVA) using Statistical Package 
for Social Sciences (SPSS, 20.0) software for windows. The 
Student’s t-test was used to compare the differences between 
the initial and final blood concentration means of each treat-
ment during the repletion. An intergroup comparison using 
the least significant difference followed by Dunnett’s post hoc 
test was used. P < .05 was considered significant.

Results
Phytochemical analysis

Preliminary qualitative phytochemical screening of HEASR 
revealed the presence of flavonoids, terpenoids, tannins, 
saponins, glycosides, phenolic compounds, and alkaloids. 
Results of the quantitative phytochemical analysis revealed the 
following: total flavonoids (67.03 ± 0.44 gallic acid equiva-
lent [GAE]/100 g), terpenoids (18.13 ± 1.41 mg/100 g), tannins 
(21.89 ± 0.71 mg/100 g), saponins (13.77 ± 1.06 mg/100 g), gly-
cosides (34.03 ± 1.13 mg/100 g), total phenol (57.93 ± 0.56 mg 
GAE/100 g), and alkaloids (6.81 ± 1.13 mg/100 g), respectively. 
Thus, the descending order of this bioactive compounds present 
in HEASR is total flavonoids >total phenols >glycosides 
>tannins >terpenoids >saponins >alkaloids.

In vitro antioxidants activities

Results of in vitro antioxidant activity showed inhibitory con-
centrations (IC50) against standard controls, ascorbic acid 
(AA, µg/mL) and GAE (µg/mL) presented in Table 1. The 
HEASR demonstrated antioxidant activity IC50 for nitric 
oxide scavenging radical activity (NOSA), DPPH, HORSA 
and lipid peroxidation scavenging activity (LPOSA), and 
FRAP, respectively.

Proximate compositions of A. smeathmannii

The percentage proximate compositions of A. smeathmannii 
recorded in triplicate are carbohydrate (61.62 ± 0.49) >crude fat 

Table 1.  Quantitative phytochemical analysis of in vitro antioxidant activity of HEASR.

Compounds Minimum inhibitory concentrations (IC50)

NOSA DPPH HORSA LPOSA FRAP

HEASR 30.880 ± 0.490 30.661 ± 0.410 29.830 ± 0.730 28.631 ± 0.544 0.123 ± 0.003

AA (µg/mL) 26.380 ± 1.360 20.910 ± 0.440 27.042 ± 1.281 26.642 ± 0.191 0.103 ± 0.001

GAE (µg/mL) 24.513 ± 0.520 20.011 ± 1.830 30.401 ± 1.332 25.540 ± 0.321 0.101 ± 0.007

Results expressed mean ± SEM. n = 3 (triplicate). Abbreviations: AA, ascorbic acid; DPPH, 2,2-Diphenyl-1-picrylhydrazyl; FRAP, ferric-reducing 
antioxidant power; GAE, gallic acid equivalent; HEASR, hydroethanolic extract of A. smeathmannii root; HORSA, hydroxyl radical scavenging 
activity; LPOSA, lipid peroxidation scavenging activity; NOSA, nitric oxide scavenging radical activity.
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(14.07 ± 0.43) >protein (10.08 ± 0.05) >moisture (7.29 ± 0.033) 
>ash (5.81 ± 0.02) >crude fibre (1.13 ± 0.03).

Acute oral toxicity test

There was no mortality observed 24 hours after treatment at 
2000 mg/kg via oral gavage, although behavioural as well as 
morphological changes were marked. The animals showed 
hyperactivity, grooming, rearing, circular movement, and dull-
ness in at least 5 animals in the first 2 hours. However, the 
effects diminished completely 2 weeks postadministration.

Haematological indices

Phenylhydrazine lowered (P < .05) white blood cell (WBC), 
lymphocyte (LYMP), LYMP%, HGB, RBC, and PLT by 
53.47%, 75.69%, 60.76%, 45.86%, 46.89%, and 30.29%, 
respectively, when comparing Table 2 with initial baseline  
level (Table 1). In addition, there were increased (P < .05) 
WBC and HGB in the treated rats when HEASR2  
and HEASR2 + DXM treated rats by 46.17%, 65.95%, and 
63.49%, 65.94%, respectively, compared with control PHZ 
group. Similarly, RBC improved in HEASR (68.29%), DXM 
(33.71%), and HEASR + DXM (86.29%) treated rats that 
received PHZ intervention. More so, PHZ + DXM but not 
PHZ + HEASR2 (200 mg/kg) improved PLTs by 39.48% 
when compared with control PHZ group.

Liver function parameters

Phenylhydrazine induced increase (P < .05) in serum ALT 
and AST levels by 108.25% and 78.79%, respectively, 
when compared with control normal saline group (Figure 1). 
Phenylhydrazine + HEASR2 (200 mg/kg) and PHZ + DXM 
and PHZ + DXM + HEASR2 administration, however, low-
ered ALT levels by 36.06%, 62.98%, and 46.49%, respectively, 
in rats. In addition, PHZ + HEASR2 (200 mg/kg) decreased 
AST levels by 37.20% in the treated rats. Although, PHZ 
administration resulted in elevated alkaline phosphatase (ALP) 
levels, this was not significant when compared with control 
normal saline group. Both DXM and HEASR (50 or 200 mg/
kg) modulated hepatic enzyme function, although insignifi-
cantly in the treated animals. Phenylhydrazine produced ele-
vated serum total bilirubin level when compared with control 
normal saline group (Figure 2) which remained elevated in the 
treated rats.

Renal function parameters

Phenylhydrazine administration caused elevated urea and 
uric acid levels by 84.36% (P < .05) and 669.59% (p < .001) 
when compared with control normal saline group (Figure 3). 
Phenylhydrazine + HEASR2 (200 mg/kg) and PHZ + DXM 
lowered urea levels by 23.14% and 21.22%, respectively, 
compared with control PHZ group. Urea levels remained 

significantly reduced by 46.42% in PHZ + DXM +  
HEASR2 (200 mg/kg) treated rats against control normal 
saline group. Phenylhydrazine + HEASR2, PHZ + DXM, and 
PHZ + DXM + HEASR2 showed reduced (P < .05) levels of 
uric acid by 27.66%, 42.87%, and 67.74%, respectively, com-
pared with control PHZ group. Dexamethasone, HEASR2, 
and HEASR + DXM administrations reduced creatinine levels 
by 27.66%, 42.97%, and 52.73%, respectively, in the treated rats.

Lipid peroxidation level

Results in Figure 4 showed that PHZ induction increased 
(P < .05) MDA levels in the liver and spleen by 55.56% and 
76.47%, respectively, compared with control normal saline group. 
Phenylhydrazine + HEASR2 (200 mg/kg) or PHZ + DXM 
lowered hepatic MDA similarly by 21.43% when compared 
with control PHZ group. Both HEASR2 (200 mg/kg) and 
DXM when administered reduced (P < .05) MDA levels in the 
spleen by 26.67%, and 33.33%, respectively, when compared 
with control PHZ group.

Reduced glutathione level

HEASR1 and HEASR2 produced a dose-dependent increase 
in renal glutathione (GSH) level by 140% and 190% in rats 
(Figure 5). More so, animals that received DXM, HEASR, and 
HEASR + DXM treatments following PHZ intoxication had 
improved GSH levels in the liver (45.45%, 81.82%, and 
72.73%), spleen (22.22%, 33.33%, and 33.33%), and kidney 
(30.77%, 61.54%, and 84.62%), respectively.

SOD activity

The administration of PHZ lowered (P < .05) SOD activity in 
the spleen by 45.30% in normal rats (Figure 6). Hydroethanolic 
extract of A. smeathmannii root and DXM increased SOD 
activities in the liver, spleen, and kidney by 26.143%, 104.69%, 
26.31%, and 35.14%, 136.72%, and 15.04%, respectively, 
in the treated rats compared with PHZ group. Similarly, 
HEASR + DXM improved SOD activities (liver, spleen, and 
kidney) by 33.33%, 144.53%, and 15.79%, respectively.

CAT activity

Results in Figure 7 show decreased CAT activity in liver and 
spleen by 46.15% and 28.85%, respectively, in the control PHZ 
rats, whereas renal CAT was elevated (35.87%). The adminis-
trations of HEASR, DXM, and their combination improved 
liver and spleen CAT by 90.47%, 100, and 71.43%, and 43.24%, 
67.57%, and 70.27%, respectively.

Cyclooxygenase activity and corticosterone level

Phenylhydrazine induced acute HD to produce an elevated 
(P < .01, 357.14%) serum COX-2 activity while reducing 
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(P < .05, 53.52%) corticosterone levels compared with control 
normal saline group (Figure 8). Phenylhydrazine + HEASR2 
and PHZ + DXM lowered COX-2 activity by 52.08% and 
56.25%, respectively, compared with control PHZ group. In 
addition, HEASR2 (200 mg/kg) given alone and in combina-
tion with DXM following PHZ administration improved cor-
ticosterone levels in the treated rats.

Organ weight

Phenylhydrazine administration elevated liver, kidney, and 
spleen weights (g/kg body weight) in rats by 49.78%, 67.22%, 

and 269.41%, respectively, when compared with control nor-
mal saline group (Figure 9). Hydroethanolic extract of A. 
smeathmannii root (200 mg/kg) administered alone reduced 
hepatic weight in the intoxicated rats by 22.36% (Figures 10 
to 12).

Discussion
Several strategies for discovering drugs from previously unex-
plored natural products have continued to strengthen research 
and development with current commercial evidence supporting 
their applications.4 Ethnomedicinal survey of plants used in the 
management of anaemia and related conditions in Southern 

Figure 1.  Effect of HEASR on liver function in normal and phenylhydrazine-treated male Wistar rats. Results are expressed as mean ± SEM, n = 6. 

*P < .05 when compared to control normal saline group. #P < .05 when compared to control phenylhydrazine group. ALP indicates alkaline phosphatase; 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DXM, dexamethasone; HEASR, hydroethanolic extract of A. smeathmannii root; 

HEASR1, 50 mg/kg of hydroethanolic extract of A. smeathmannii root; HEASR2, 200 mg/kg of hydroethanolic extract of A. smeathmannii root; PHZ, 

phenylhydrazine.

Figure 2.  Effect of HEASR on serum total protein, albumin, and total bilirubin in normal and phenylhydrazine-treated male Wistar rats. Results are 

expressed as mean ± SEM, n = 6. *P < .05 or **P < .001 when compared to control normal saline group. ALB indicates albumin; DXM, dexamethasone; 

HEASR, hydroethanolic extract of A. smeathmannii root; HEASR1, 50 mg/kg of hydroethanolic extract of A. smeathmannii root; HEASR2, 200 mg/kg of 

hydroethanolic extract of A. smeathmannii root; PHZ, phenylhydrazine; TBIL, total bilirubin; TP, total protein.
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Nigeria have been reviewed.2,42 Suggestions are that only a few 
of the known plants have been explored. Different substances 
have been implicated in acute anaemia; however, the deleterious 
effects due to PHZ has become apparent during chemically 
induced haematological and biochemical alterations, as well as 
oxidative stress in rodents.18 Thus, several mechanisms of induc-
tion of HD due to PHZ resulting in haematotoxicity and free 
radical generations and deleterious oxidation of components of 
erythrocytes have been reported.11,18

Dexamethasone has long been recognized to have effects 
on human bone marrow stromal cells and been suggested to 
be required for erythropoiesis.43,44 More so, the mechanistic 
intervention of DXM in experimental anaemia is known.44 It 
is a glucocorticoid that specifically stimulates self-renewal of 

the early erythroid progenitor, the burst-forming unit erythroid 
(BFU-E) and can also increase the production of terminally 
differentiated erythroid cells.30,44 For instance, corticosteroids 
have been used to treat patients with Diamond-Blackfan 
anaemia (DBA), a rare congenital disorder characterized by 
disorder of blood and a selective decrease or absence of eryth-
roid precursors in otherwise normocellular bone marrow.45 
Phenylhydrazine is an oxidant compound shown to inflict 
damage on the cell membrane producing gradual haemato-
logical alterations, inflammatory mediators, and increased red 
cells apoptosis.46,47

The oral acute toxicity test results from this study showed 
no mortality up to 2000 mg/kg orally. In line with the afore-
mentioned, we recently reported the aphrodisiac potential and 

Figure 3.  Effect of HEASR on blood urea nitrogen, creatinine, and uric acid levels in normal and phenylhydrazine-treated male Wistar rats. Results are 

expressed as mean ± SEM, n = 6. *P < .05 or **P < .001 when compared to control normal saline group. #P < .05 or ##P < .001 when compared to control 

phenylhydrazine group. DXM indicates dexamethasone; HEASR: hydroethanolic extract of A. smeathmannii root; HEASR1: 50 mg/kg of hydroethanolic 

extract of A. smeathmannii root; HEASR2: 200 mg/kg of hydroethanolic extract of A. smeathmannii root; PHZ, phenylhydrazine.

Figure 4.  Effect of HEASR on lipid peroxidation (MDA) in normal and phenylhydrazine-treated male Wistar rats. Results are expressed as mean ± SEM, 

n = 6. *P < .05 when compared to control normal saline group. #P < .05 when compared to control phenylhydrazine group. DXM indicates dexamethasone, 

HEASR: hydroethanolic extract of A. smeathmannii root; HEASR1: 50 mg/kg of hydroethanolic extract of A. smeathmannii root; HEASR2: 200 mg/kg of 

hydroethanolic extract of A. smeathmannii root; MDA, malondialdehyde (nmol/mg protein); PHZ, phenylhydrazine.
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reproductive enhancing functions of A. smeathmannii contain-
ing octadecanoic acid ethyl ester as its most abundant bioac-
tive component.12 Studies have provided convergent reports 
on in vitro haemolysis resulting from loss of antioxidant 
capacity. However, HEASR demonstrated significant in vitro 
antioxidant activity in the NOSA, DPPH, HORSA, LPOSA, 
and FRAP models used in this study. More so, from the results 
obtained, HGB, RBC, and WBC increase might have pre-
vented from PHZ intoxication. There is a link between oxida-
tion and denaturation of HGB which presumably results from 
alterations in the cell membrane itself.16 Interestingly, HEASR 
showed a tendency to improve haematological indices in this 

study. Phenylhydrazine haematoxicity in rats may be detected 
based on hepatic changes in the expression of a subset of 
genes which are mechanistically linked to haematotoxicity.48 
Treatments with HEASR2, DXM, or their combination 
showed a tendency to protect against increase in the levels of 
liver and renal toxicity biomarkers in rodents by moderately 
regulating AST, urea, and uric acid levels, respectively. Whether 
this effectiveness will translate into a clinically relevant situa-
tion requires further investigations.

Reports have it that direct-acting haemolytic agents attenu-
ate lipids and proteins as major targets of their pro-oxidant 
actions.19 A cross-linking of membrane proteins by disulfide 

Figure 5.  Effect of HEASR on reduced glutathione (GSH) level in normal and phenylhydrazine-treated male Wistar rats. Results are expressed as 

mean ± SEM, n = 6. *P < .05 or **P < .001 when compared to control normal saline group. #P < .05 or ##P < .001 when compared to control phenylhydrazine 

group. DXM indicates dexamethasone; GSH, reduced glutathione (µmol/mL/mg protein); HEASR, hydroethanolic extract of A. smeathmannii root; 

HEASR1, 50 mg/kg of hydroethanolic extract of A. smeathmannii root; HEASR2, 200 mg/kg of hydroethanolic extract of A. smeathmannii root; PHZ, 

phenylhydrazine.

Figure 6.  Effect of HEASR on superoxide dismutase (SOD) level in normal and phenylhydrazine-treated male Wistar rats. Results are expressed as 

mean ± SEM, n = 6. *P < .05 or **P < .001 when compared to control normal saline group. #P < .05 or ##P < .001 when compared to control phenylhydrazine 

group. DXM indicates dexamethasone; HEASR, hydroethanolic extract of A. smeathmannii root; HEASR1, 50 mg/kg of hydroethanolic extract of A. 

smeathmannii root; HEASR2, 200 mg/kg of hydroethanolic extract of A. smeathmannii root; PHZ, phenylhydrazine; SOD: superoxide dismutase (µmol/mL/

min/mg protein).
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exchange with precipitated HGB has been suggested to play a 
major role in decreasing deformability during PHZ exposure.46 
More so, PHZ generates ROS within both human and rat 
erythrocytes by increasing lipid peroxidation and decreasing 
GSH levels, respectively.18,49 Glutathione system, or CAT and 
superoxide activities are present in the erythrocytes which con-
tribute considerably to the antioxidant capacity of the blood.47 
Therefore, when the condition of anaemia arises, this ability is 
compromised, resulting in oxidative stress and subsequently 
acute HD. The ROS which is produced in excess due to PHZ 
induction could lead to the oxidization of lipids, proteins, and 

DNA molecules, and this could eventually lead to the death of 
cells and organ damage. Reports have suggested that anaemia 
aggravates and contributes to oxidative stress in the body.18,47 
Evidence abounds that oxidative damage to erythroid cells 
plays a fundamental role in haemolytic process due to ineffec-
tive erythropoiesis in the bone marrow and short survival of red 
blood cells in the circulation.47 Studies have reported consist-
ency in the tissue oxidative stress than in blood due to PHZ 
intoxication.13,16-19 Although an elevated MDA level was 
observed following an acute PHZ dosing in the liver and 
spleen, HEASR2 administration was able to lower hepatic 

Figure 7.  Effect of HEASR on catalase (CAT) level in normal and phenylhydrazine-treated male Wistar rats. Results are expressed as mean ± SEM, n = 6. 

*P < .05 or **P < .001 when compared to control normal saline group. #P < .05 or ##P < .001 when compared to control phenylhydrazine group. CAT 

indicates catalase (µmol/mL/min/mg protein); DXM, dexamethasone, HEASR: hydroethanolic extract of A. smeathmannii root; HEASR1, 50 mg/kg of 

hydroethanolic extract of A. smeathmannii root; HEASR2, 200 mg/kg of hydroethanolic extract of A. smeathmannii root; PHZ: phenylhydrazine.

Figure 8.  Enzyme-linked immunosorbent assay for the quantitative measurement of rat COX-2 activity and corticosterone level in serum of normal and 

phenylhydrazine-treated rats. Results are expressed as mean ± SEM, n = 6. *P < .05 or **P < .001 when compared to control normal saline group. #P < .05 

or ##P < .001 when compared to control phenylhydrazine group. COX-2 indicates cyclooygenase-2; DXM, dexamethasone; HEASR: hydroethanolic extract 

of A. smeathmannii root; HEASR1, 50 mg/kg of hydroethanolic extract of A. smeathmannii root; HEASR2, 200 mg/kg of hydroethanolic extract of A. 

smeathmannii root; PHZ: phenylhydrazine.
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MDA relative to the PHZ intoxicated rats. There have been 
suggestions that red cells susceptibility to haemolysis involves a 
failure to maintain the GSH level due to haemolytic process.48,50 
Although, antioxidants (GSH, SOD, and CAT) were not 
directly measured in blood; however, studies have also reported 

consistency in the tissue antioxidants level in this regard due to 
PHZ intoxication.48,50 The administration of HEASR1 or 
HEASR2 caused elevation of hepatic GSH level in vital organs 
in rats in this study. Phenylhydrazine prevented the action of 
the antioxidant system by inducing free radical changes which 

Figure 9.  Effect of HEASR on organ weights in normal and phenylhydrazine-treated male Wistar rats. Results are expressed as mean ± SEM, n = 6. Unit: 

g/kg body weight. *P < .05 or **P < .001 when compared to control normal saline group. #P < .05 when compared to control phenylhydrazine group. DXM 

indicates dexamethasone; HEASR, hydroethanolic extract of A. smeathmannii root; HEASR1, 50 mg/kg of hydroethanolic extract of A. smeathmannii root; 

HEASR2: 200 mg/kg of hydroethanolic extract of A. smeathmannii root; PHZ, phenylhydrazine.

Figure 10.  Splenic tissue of rat shows lymphoid aggregates which form follicles seen in control (normal saline, 10 mL/kg, p.o.) (NA); phenylhydrazine 

(PHZ, 60 mg/kg) (splenic congestion; see arrow); dexamethasone (DXM, 0.014 mg/kg); HEASR1 (50 mg/kg) (NA); HEASR2 (200 mg/kg) (NA); 

PHZ + HEASR2 (splenic congestion; see arrow); PHZ + DXM (splenic congestion; see arrow); PHZ + DXM + HEASR2 (splenic congestion; see arrow). 

HEASR indicates hydroethanolic extract of A. smathmannii Root (H & E, mag. ×400); NA, no abnormality.
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in turn resulted in oxidative stress. Superoxide dismutase level 
in the PHZ group was lowered in the rat spleen which was 
reversed by HEASR2, DXM, and their combination in the 
treated rats. Similarly, an increase in CAT level was achieved in 
the liver and spleen at the early phase of PHZ intoxication. 
This may, in part, be due to the previous exposure to HEASR 
prior to PHZ exposure. Organ weight relative to animal weight 
was modulated in the treated rats, although, weight lost was 
not reversed in the treated rats.

More so, PHZ-induced erythrocyte deformity was sug-
gested to decrease erythropoietin and corticosterone levels, and 
increase osmotic resistance and secondary tumour biomarkers 
to produce haematotoxicity in rodents. Recently, the effective-
ness of recombinant human erythropoietin in an animal model 
of oxidative stress and genotoxicity was reported by Rjiba-
Touati et  al.50 Although, our present report did not estimate 
erythropoietin level, an elevation of COX-2 activity usually 
accompanies tissue damage which in this study resulted from 
PHZ exposure. Phenylhydrazine induction of HD and associ-
ated oxidative stress did not only cause elevated serum COX-2 
activity but also reduced corticosterone levels, respectively, in 
normal rats. Cyclooxygenase-2 is the second isoenzyme of the 
cyclooxygenase enzymes, the other (COX-1) being constitu-
tive in the gastrointestinal tract; it catalyses arachiodionic acid 

metabolism following stimulation.29 On the contrary, the gluco-
corticoids are compounds naturally regulated by hormones of 
the hypothamo-pituitary axis.44,45 Thus, corticosteroid acts as 
anti-inflammatory substance in the body.30,44 In addition, the 
haematopoietic system performance respond to corticosteroid 
stimulation, and this has been used for a decade before erythro-
poietin synthesis.44,45 Here, HEASR lowered COX-2 activity 
in PHZ-untreated rats and improved corticosterone levels in 
rats. Phenylhydrazine-induced haemolytic condition causes 
stimulation of erythropoiesis which is associated with increased 
functional activity of erythroid precursors and resulting in 
changes in the regulatory capacity of a haemopoietic milieu of 
the plasma.51 Thus, the increase in corticosterone level may pos-
sibly be due to the stimulation of erythropoiesis primarily in 
human bone marrow progenitor cells. Our findings indicate 
that HEASR combined with DXM has a distinct functional 
effect and may have therapeutic benefit in combination. Thus, 
ethnorelevance of HEASR may be used in several cases of 
occupational exposure to PHZ with suggestions that the liver, 
kidney, and spleen are potential targets, thereby preventing HD. 
Splenomegaly of PHZ animals was not diminished by HEASR; 
however, HEASR or DXM alone and their combination ame-
liorated renovascular abnormality in rats. This indicates that 
further study may be required to explore the renoprotective 

Figure 11.  The sections of rat liver tissue show normocellular glomerular tufts disposed on a background containing renal tubules of control (normal 

saline, 10 mL/kg, p.o.) (NA); phenylhydrazine (PHZ, 60 mg/kg) (hepatic venous and sinus congestion; see arrow); dexamethasone (DXM, 0.014 mg/kg); 

HEASR1 (50 mg/kg) (NA); HEASR2 (200 mg/kg) (NA); PHZ + HEASR2 (hepatic venous and sinus congestion; see arrow); PHZ + DXM (hepatic venous 

and sinus congestion; see arrow); PHZ + DXM + HEASR2 (hepatic venous and sinus congestion; see arrow). HEASR indicates hydroethanolic extract of 

A. smathmannii Root (H & E, mag. ×400); NA, no abnormality.



Kale et al	 13

effects of HEASR in rodents. Moreover, the protective effects 
demonstrated by HEASR following PHZ toxicity as observed 
in this study were predicated on the modulation of biochemical, 
haematological, as well as morphological characterizations. Still, 
further study may, in part, provide an explanation for the possible 
molecular mechanisms between bioactive compounds present in 
HEASR and PHZ, while investigating further into how bioac-
tivity guided fractionation studies would yield a drug candidate.

Conclusion and Recommendations
Overall, results from this study show that HEASR demon-
strated increased HGB, RBC, PLT, and WBC, and lowered 
liver toxicity biomarkers, lipid peroxidation plus COX-2 
activity in annulling PHZ-induced haematological and bio-
chemical alterations in rats. This was as a result of increased 
antioxidant activities both in vitro and in vivo, as well as 
increased corticosterone levels in the treated animals. In addi-
tion, HEASR ameliorated renal injury induced by PHZ. The 
molecular aspect of this interaction and study on toxicological 
profile are essential.
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