
Biomedical Research and Therapy, 7(2):3602-3613

Open Access Full Text Article Original Research

Department of Biochemistry, Imo State
University, Owerri, Nigeria

Correspondence

Paul Chidoka Chikezie, Department of
Biochemistry, Imo State University,
Owerri, Nigeria

Email: p_chikezie@yahoo.com

History
• Received: Jan 10, 2020
• Accepted: Feb 19, 2020
• Published: Feb 29, 2020

DOI : 10.15419/bmrat.v7i2.587

Copyright

© Biomedpress. This is an open-
access article distributed under the 
terms of the Creative Commons 
Attribution 4.0 International license.

Acute dysfunctional status of hepatorenal tissues of rats
administered with leaf extracts ofOcimumgratissimum L.
(Lamiaceae)

Paul Chidoka Chikezie* 

 

, Franklyn Okechukwu Ohiagu, Vivian Nkeiru Ikonne, Vivianne Ugonna Ekeocha

Use your smartphone to scan this
QR code and download this article

ABSTRACT
Background: Given the vast medicinal properties of Ocimumgratissimum, the present study eval-
uated, in comparative terms, the acute dysfunctional status of hepatorenal tissues of Wistar rats
administeredwith petroleumether (PE) and ethyl acetate (EA) leaf extracts ofO.gratissimum. Meth-
ods: Grouping of the experimental rats was assigned according to the treatments given, in which
graded doses (200, 400, 600 and 800mg/kg body weight (b.w.)) of PE and EA fractions ofO. gratissi-
mum leaf extractwere administered to the rats by oral gavage on a daily basis for a period of 21 days.
Serum levels of hepatorenal tissues biomarkers weremeasured using standard spectrophotometric
methods. The organ-to-body weight ratio of the rats was measured on the 21st day of the experi-
ment. Results: Serum aspartate aminotransferase (AST) to alanine aminotransferase (ALT) ratio (i.e.
AST/ALT) of the experimental rat groups was found to be within the range of 0.919 – 1.022 unit.
The experimental rat groups administered with PE and EA fractions of O. gratissimum leaf extract
showed dose-dependent increasing levels of serum alkaline phosphatase (ALP) activity. Likewise,
rat groups administered with the herbal extracts exhibited increasing serum total bilirubin, urea
and creatinine concentrations, in a dose-dependent manner. At the end of the 21-day treatment
period, all the experimental rat groups showed increase in body weight, ranging from 0.79 – 1.98%
increase. The liver weight and kidneyweight to bodyweight ratios werewithin the range of (0.0468
± 0.02 – 0.0981± 0.04) unit and (0.00245± 0.002 – 0.01968± 0.007) unit, respectively. Conclusion:
The results showed that doses of PE and EA fractions ofO. gratissimum leaf extract greater than 400
mg/kg b.w. induced dose-dependent hepatorenal toxicity, with the EA fraction provoking greater
toxicity than the PE fraction ofO. gratissimum leaf extract.
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INTRODUCTION
In general terms, metabolic events within the liver
and kidney are essential to ensure constancy in the
internal environment of vertebrates1,2. The control
mechanisms of metabolic events in the hepatocytes
are regulated at the molecular, organelle, cellular and
organ levels3,4. Endogenousmetabolic control mech-
anisms of hepatocytes involve the actions of regula-
tory enzymes, organelles responsible for protein and
lipid biosynthesis, as well as interactions of the hepa-
tocytes with sinusoidal and Kupffer cells. Meanwhile,
exogenous control mechanisms are accomplished by
biochemical interactions between the liver and the
musculature, as well as interactions among the re-
nal, enteric and endocrine systems3. The metabolic
heterogeneity of hepatocytes in health and disease is
summarized elsewhere5–7. Routine clinical evalua-
tion of the functional status of hepatocytes, the so-
called liver function test (LFT)/biliary integrity test

(BIT), is established by evaluating activities of non-
functional plasma enzyme indicators, namely aspar-
tate transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), and the inducible hepa-
tocyte smooth endoplasmic reticulum (SER) specific
enzyme, γ-glutamyl transferase (γ-GT). As well, albu-
min, total bilirubin and total protein concentrations
in blood samples are examined 8–12.
The nephron is the functional unit of the kidneys. The
renal tissues are primarily involved in the removal of
low plasma threshold substances, such as urea, cre-
atinine and uric acid. The renal tissues also regu-
late blood electrolyte concentrations and, by exten-
sion, osmolality, extracellular fluid volume and acid-
base balance of the vascular system. Furthermore, the
kidneys are sites for the biosynthesis of steroid and
polypeptide hormones, such as 1, 25 dihydroxyvita-
min D, erythropoietin, and renin13,14. Elevations of
plasma low threshold substances in the blood are in-
dicative of compromised renal function. The kidney
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function test (KFT) measures plasma creatinine and
blood urea nitrogen (BUN) levels, among other blood
indicators, such that their raised levels in the blood
are diagnostic of presentation and progression of re-
nal disease 15. The renal/kidney function test indica-
tors are applied in monitoring the efficacy of thera-
peutic intervention against compromised renal func-
tion14.
Ocimum gratissimum L. belongs to the family Lami-
aceae 16. The plant is a perennial herb widely
distributed in warm and temperate regions of the
world17. The phytochemical compositions of diethyl
ether, ethyl acetate, ethanol and aqueous leaf extracts
of O. gratissimum have been exhaustively reported
elsewhere18–23, in which it was noted that O. gratis-
simum contained relatively high quantities of alka-
loids, flavonoids, saponins, methyl cinnamate, cam-
phor, thymol, eugenol, linalool, xanthones, citral, ter-
penes and lactones17,18,20–24. Traditional medicine
practitioners administer O. gratissimum extracts for
the treatment and management of fever, rheumatism,
paralysis, epilepsy, high fever, diarrhea, sunstroke, in-
fluenza, gonorrhea and mental illness25,26.The use of
O. gratissimum extracts by folklore medicine practi-
tioners for the treatment of microbial infections has
been validated by empirical investigations 20,22,23.
There are empirical evidence that edible vegetables
and medicinal plants contain deleterious phytochem-
icals which are usually eliminated by traditional and
conventional processing methods prior to consump-
tion of the plant materials27,28. Some of these edi-
ble and medicinal plants have been reported to pro-
voke organ dysfunction and systemic toxicity, espe-
cially when ingested in large quantities and unpro-
cessed forms29–31. However, the susceptibility of
animal models to chemical-induced hepatic or sys-
temic toxicity is regulated by genetic, environmen-
tal, dietary and pathophysiological factors2. The vast
medicinal properties ofO. gratissimum notwithstand-
ing, the present study ascertained, in comparative
terms, the acute dysfunctional status of hepatorenal
tissues using blood levels of enzyme activities and
metabolite profiles of hepatorenal origin, as well as
organ/body weight indicator in Wistar rats admin-
istered with petroleum ether (PE) and ethyl acetate
(EA) leaf extracts of O. gratissimum.

METHODS
Collection and identification of leaf sam-
ples
Fresh and healthy leaves of O. gratissimum were col-
lected between the period of August 9th and Septem-
ber 2nd , 2019- from a private botanical garden located

within Imo State University, Owerri, Nigeria (Lati-
tude 5◦ 30.2237’N; Longitude 7◦ 2.6277’E).The leaves
were identified and authenticated by a botanist. A
voucher number (IMSUH: 021) was assigned to the
leaf samples and, thereafter, deposited in the herbar-
ium for reference purposes.

Preparation of leaf samples
The collected leaves of O. gratissimum were washed
using tap water and then transferred into an oven
(WTC BINDER-7200 Oven, Tuttlingen, Germany).
The leaves were dried to constant weight at 50◦C
for 10-12 h32. The dried leaf samples were pulver-
ized and subsequently stored for use as previously de-
scribed33.

Extractionand fractionationof leaf extracts

A 500 g part of the pulverized leaf sample ofO. gratis-
simum was subjected to repeated hydro-ethanol (ra-
tio: 2:3 v/v) extraction for 24 h using Soxhlet appa-
ratus. The hydro-ethanolic leaf extract was fraction-
ated according the methods previously described 34,
but with minor modifications. Fractionation of the
hydro-ethanolic leaf extract was carried out by suc-
cessive partitioning using equal volumes of solvents
in the order of increasing polarities, viz. PE > EA.The
PE and EA fractions of leaf extract of O. gratissimum
were subsequently concentrated under reduced pres-
sure for 12 h at 50 ◦C in a rotary evaporator (Büch
Rotavapor R-200, USA). The separate residues of PE
and EA fractions of O. gratissimum leaf extract were
dried in a vacuum desiccator. The yield of the frac-
tionated leaf extract of O. gratissimum was calculated
as the quotient of dried weight of the fractionated leaf
extract to 100 g of the dried pulverized sample sub-
jected to extraction protocol.
The dried PE and EA fractions of O. gratissimum leaf
extract were weighed and suspended inmeasured vol-
umes of phosphate-buffered saline (PBS; pH=7.4), os-
motically equivalent to 9.0 g/L NaCl {9.0 g NaCl, 1.71
g Na2HPO4.2H2O and 2.43 g NaH2PO4.2H2O per
liter} to give standard solutions. Graded doses {200,
400, 600 and 800mg/kg body weight (b.w.)} of PE and
EA fractions of O. gratissimum leaf extract were for-
mulated and administered to the rats.

Animal handling and experimental design
The male Wistar rats, within the ages of 7 – 9 weeks
old and of average weight of 109.74 ± 2.81 g, were
obtained from the Animal House of Imo State Uni-
versity, Owerri, Nigeria. Handling of the animals was
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performed according to the methods previously de-
scribed33.
The Ethical Committee on the use of animals for re-
search, Department of Biochemistry, Imo State Uni-
versity, Owerri, Nigeria (Ethics Approval Number:
ODVC/REN/1232/19) approved the present study.
Handling of the rats was in accordance with the
standard principles of laboratory animal care of the
United States National Institutes of Health (NIH,
1978).
A total of 54 rats were divided into 9 groups of 6 rats
each. The rats were deprived of pelletized standard
guinea feed (PSGF) (United Africa Company Nigeria
Plc., Jos, Nigeria) and water 16 h prior to the com-
mencement of treatment35. The grouping of the ex-
perimental rats was assigned according to the treat-
ments given, in which the PE and EA fractions of O.
gratissimum leaf extract were administered to the rats
by oral gavage on a daily basis for a period of 21 days.
All the experimental rat groups received water ad li-
bitum.
Group 1CONT ROL: Rats received 1.0 mL/kg b.w. PBS.
The following rat groups were administered with PE
fraction of O. gratissimum leaf extract:
Group 2PE200: Rats received 200 mg/kg b.w. PE frac-
tion of O. gratissimum.
Group 3PE400: Rats received 400 mg/kg b.w. PE frac-
tion of O. gratissimum.
Group 4PE600: Rats received 600 mg/kg b.w. PE frac-
tion of O. gratissimum.
Group 5PE800: Rats received 800 mg/kg b.w. PE frac-
tion of O. gratissimum.
The following rat groups were administered with EA
fraction of O. gratissimum leaf extract:
Group 6EA200: Rats received 200 mg/kg b.w. EA frac-
tion of O. gratissimum.
Group 7EA400: Rats received 400 mg/kg b.w. EA frac-
tion of O. gratissimum.
Group 8EA600: Rats received 600 mg/kg b.w. EA frac-
tion of O. gratissimum.
Group 9EA800: Rats received 800 mg/kg b.w. EA frac-
tion of O. gratissimum.

Collection and preparation of blood, liver
and kidneys
At the end of the experimental time of 21 days, the 12
h post-fasted rats were killed by cervical dislocation.
Blood volumes of 0.5 mL were drawn from the orbital
sinus of rats and allowed to clot. The serum was mea-
sured for hepatorenal tissues biomarkers. The collec-
tion and preparation of the liver and kidneys, in or-
der to ascertain their respective weights, were done
according to the methods previously described 33.

Hepatorenal tissues biomarkers
Serum levels of hepatorenal tissues biomarkers were
measured; serum AST and ALT activities were as-
sessed according to the methods of Henry et al.,36 as
described37,and by serum ALP activity38,serum to-
tal bilirubin concentration39, serum urea concentra-
tion40, and serum creatinine concentration41.

Body weight of rats
The body weight of the rats was measured using elec-
tronic weighing balance {Digital Precision Weighing
Balance (JCS-QC03) – China}, on the 1st and 21st

days of the experiment33. Thus:

%△b.w.=
(b.w..AT ) (b.w..BT )

b.w..BT
×100 (1)

Where
%∆b.w.: Percentage change in body weight
b.w..AT: Body weight after treatment on day 21
b.w..BT: Body weight before treatment on day 0

Liver andkidneyweights tobodyweight ra-
tios
The liver and right and left kidneys weights weremea-
sured on day 21. The organ weight and body weight
were reported in grams33.Thus:

Ratio o.w. : b.w.=
o.w.AT
b.w.AT

(2)

Where:
o.w.:b.w.: Organ weight to body weight ratio
o.w.AT: Organ weight after treatment on day 21
b.w.AT: Body weight after treatment on day 21

Data and statistical analyses
The data collected were analyzed by the ANOVA pro-
cedure while treatment means were separated by the
least significance difference (LSD) incorporated in the
statistical analysis system package of Version 9.1 of
2006.

RESULTS
Yield of the fractionated leaf extract of O.
gratissimum
The yields of PE and EA fractions of O. gratissimum
leaf extract were 8.03 ± 0.07 g per 100 g and 7.56 ±
0.05 g per 100 g of dry leaf sample, respectively.

Serum AST activities of rats administered
with fractions ofO. gratissimum leaf extract
Figure 1 showed that serum AST activities of the ex-
perimental rat groups administered with 200 mg/kg

3604



Biomedical Research and Therapy, 7(2):3602-3613

b.w. PE and EA fractions of O. gratissimum leaf ex-
tract (Group 2PE200 = 50.97 ± 2.12 U/L + Group
6EA200 = 51.97± 2.32U/L)were not significant differ-
ent (p > 0.05) from that of Group 1CONT ROL (45.53±
1.92 U/L). Likewise, serum AST activities of the ex-
perimental rat groups administered with 400 mg/kg
b.w. PE fraction of O. gratissimum leaf extract
of Group 3PE400 (49.74 ± 1.99 U/L) versus Group
1CONT ROL (45.53 ± 1.92 U/L) showed no significant
difference (p > 0.05).
The experimental rat group administered with 400
mg/kg b.w. EA fraction of O. gratissimum leaf extract
(Group 7EA400 = 59.62 ± 2.12 U/L) showed serum
AST activity that was significantly higher (p < 0.05)
than the group administered with PE fraction of O.
gratissimum leaf extract (Group 3PE400 = 49.74± 2.02
U/L).
Figure 1 showed that the serum AST activities of the
experimental rat groups administeredwith 600mg/kg
b.w. and 800 mg/kg b.w. PE and EA fractions of O.
gratissimum leaf extract (Group 4PE600 = 63.51± 2.33
U/L + Group 8EA600 = 81.8 ± 3.32 U/L and Group
5PE800 = 76.84± 3.05 U/L + Group 9EA800 = 89.57±
3.81U/L)were significantly higher (p< 0.05) than that
of Group 1CONT ROL (45.53± 1.92 U/L). An overview
of Figure 1 showed increasing levels of serumAST ac-
tivities of the herbal-treated groups, which occurred
in a dose-dependent manner when compared with
Group 1CONT ROL.

Serum ALT activities of rats administered
with fractions ofO. gratissimum leaf extract
Figure 2 showed that serum ALT activity of Group
1CONT ROL (49.49 ± 1.52 U/L) was not significantly
different (p > 0.05) from those of the experimental rat
groups administered with 200 mg/kg b.w. PE and EA
fractions ofO. gratissimum leaf extract (Group 2PE200

= 52.06 ± 1.82 U/L + Group 6EA200 = 52.09 ± 1.71
U/L), as well as the 400 mg/kg b.w. PE fraction of O.
gratissimum leaf extract (Group 3PE400 = 50.04± 1.60
U/L).
Specifically, serum ALT activity of the rat groups ad-
ministered with herbal extract was such that Group
8EA600 = 80.03 ± 3.38 U/L > Group 4PE600 = 64.08
± 2.32 U/L, and Group 9EA800 = 87.6 ± 3.85 U/L
> Group 5PE800 = 76.41 ± 2.02 U/L; p < 0.05. Fur-
thermore, Figure 2 showed dose-dependent increas-
ing levels of serumALT activities of the rat groups ad-
ministered with herbal extract.
Table 1 showed that the serum AST/ALT ratio of
the experimental rat groups was within the range of
0.919 – 1.022 unit. Furthermore, an overview of Ta-
ble 1 showed that serum AST/ALT ratios of Group

Table 1: SerumAST/ALT ratios
of experimental rat groups

Rat Groups AST/ALT

Group 1CONT ROL 0.919

Group 2PE200 0.979

Group 3PE400 0.994

Group 4PE600 0.991

Group 5PE800 1.005

Group 6EA200 0.997

Group 7EA400 1.002

Group 8EA600 1.022

Group 9EA800 1.022

1CONT ROL, as well as Group 2PE200 —Group 4PE600,
were less than 1.0 unit, whereas those ofGroup 5PE800

—Group 9EA800 were greater than 1.0 unit.

Serum ALP activities of rats administered
with fractions ofO. gratissimum leaf extract
Figure 3 showed that serum ALP activities of the ex-
perimental rat groups administered with 200 mg/kg
b.w. and 400 mg/kg b.w. PE and EA fractions of O.
gratissimum leaf extract (Group 2PE200 = 132.56 ±
5.12U/L +Group 6EA200 133.8± 5.09U/L andGroup
3PE400 = 136.78± 5.21 U/L + Group 7EA400 = 139.28
± 5.74 U/L) were not significantly different (p > 0.05)
from that of Group 1CONT ROL (124.56± 4.34 U/L).
Serum ALP activity of Group 4PE600 (153.19 ± 6.74
U/L) was not significantly different (p < 0.05) from
that of Group 8EA600 (167.48 ± 6.88 U/L). Likewise,
serum ALP activity of Group 5PE800 (158.98 ± 5.28
U/L) and Group 9EA800 (171.68 ± 6.93 U/L) showed
no significant difference (p > 0.05). Figure 3 showed
dose-dependent increasing levels of serumALP activ-
ities of experimental rat groups administered with PE
and EA fractions of O. gratissimum leaf extract.

Serum bilirubin concentrations of rats ad-
ministered with fractions of O. gratissimum
leaf extract
Serum total bilirubin concentrations of Group 2PE200

(1.23 ± 0.08 mg/dL) and Group 6EA200 (1.50 ± 0.07
mg/dL) showed no significant difference (p > 0.05)
compared with that of Group 1CONT ROL (1.00± 0.04
mg/dL) (Figure 4). Although serum total bilirubin
concentrations of Group 3PE400 (1.98 ± 0.09 mg/dL)
and Group 7EA400 (2.03 ± 0.09 mg/dL) showed no
significant difference (p > 0.05), their corresponding
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Figure1: SerumASTactivity of experimental rat groups administeredPEandEA fractionsofO.gratissimum
leaf extract. Mean of serum AST activities of bars with hash tag (#) are not significantly different from that of the
CONTROL at p > 0.05 according to LSD.

Figure 2: SerumALT activity of experimental rat groups administeredPE andEA fractions ofO.gratissimum
leaf extract. Means of serum ALT activities of bars with hash tag (#) are not significantly different from that of the
CONTROL at p> 0.05 according to LSD.

values were significantly higher (p < 0.05) than that of
Group 1CONT ROL (1.00± 0.04 mg/dL).

Figure 4 showed that increase in the administered
doses of PE and EA fractions of O. gratissimum leaf
extract caused increasing serum bilirubin concen-
trations of the experimental rat groups in a dose-
dependent manner.

Serum urea concentrations of rats adminis-
tered with fractions of O. gratissimum leaf
extract
Figure 5 showed that serum urea concentrations of
the experimental rat groups were such that Group
2PE200 (12.26± 2.04 mg/dL), Group 6EA200 (11.33±
1.94 mg/dL) and Group 7EA400 (13.83± 1.99 mg/dL)
were not significantly different (p > 0.05) from that
of Group 1CONT ROL (12.78± 1.15 mg/dL). Addition-
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Figure3: SerumALPactivity of experimental rat groups adminsiteredPEandEA fractionsofO.gratissimum
leaf extract. Means of serumALP acitivities of bars with hash tag (#) are not significantly different from that of the
CONTROL at p > 0.05 according to LSD.

Figure 4: Serum total bilirubin concentrations of experiment rat groups administered PE and EA fractions
of O. gratissimum leaf extract. Means of serum total bilirubin concentrations of bars with hash tag (#) are not
significantly different from that of the CONTROL at p > 0.05 according to LSD.

ally, serum urea concentration of Group 3PE400 (16.6
± 1.75 mg/dL) was significantly higher (p < 0.05)
than that of Group 7EA400 (13.83 ± 1.12 mg/dL).
The herbal extract- administered rat groups exhib-
ited increasing serum urea concentration in a dose-
dependent manner.
In comparative terms, serum urea concentrations
of Group 4PE600 (22.67 ± 2.32 mg/dL) and Group
8EA600 (22.00± 2.04 mg/dL), as well as Group 5PE800

(29.67± 2.48mg/dL) andGroup 9EA800 (29.67± 2.38
mg/dL), showed no significant difference (p > 0.05).

Serumcreatinine concentrations of rats ad-
ministered with fractions of O. gratissimum
leaf extract
Serum creatinine concentrations of Group 2PE200
(1.07 ± 0.08 mg/dL) and Group 6EA200 (1.27 ± 0.13
mg/dL) showed no significant difference (p > 0.05)
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Figure 5: Serum urea concentrations of experimental rat groups administered PE and EA fractions of O.
gratissimum leaf extract. Means of serum urea concentrations of bars with hash tag (#) are not significantly
different from that of the CONTROL at p > 0.05 according to LSD.

Figure 6: Serum creatinine concentrations of experimental rat groups administered PE and EA fractions of
O. gratissimum leaf extract. Means of serum creatinine concentrations of bars with hash tag (#) are not signifi-
cantly different from that of the CONTROL at p > 0.05 according to LSD.
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from that of Group 1CONT ROL (0.97± 0.02 mg/dL)
(Figure 6). Additionally, Figure 6 showed that the
experimental rat groups administered with PE and
EA fractions of O. gratissimum leaf extract, at doses
greater than 400 mg/kg b.w., exhibited serum creati-
nine concentrations that were significantly higher (p
< 0.05) than that of Group 1CONT ROL (0.97 ± 0.02
mg/dL). Serum creatinine concentration of Group
7EA400 (2.03 ± 0.10 mg/dL) was significantly higher
(p < 0.05) than that of corresponding Group 3PE400
(1.40 ± 0.07 mg/dL). On the contrary, serum cre-
atinine concentrations of Group 4PE600 (3.13± 0.16
mg/dL) and Group 8EA600 (2.80 ± 0.12 mg/dL), as
well as Group 5PE800 (4.50± 0.20 mg/dL) and Group
9EA800 (4.50 ± 0.18 mg/dL), showed no significant
difference (p > 0.05).

Body weights and organ-to-body weight
ratios of rats administeredwith fractions of
O. gratissimum leaf extract
At the end of the 21-day treatment period, all the
experimental rat groups exhibited increase in body
weight within the range of 109.11 ± 1.03 to 112.2.65
± 1.01 g (Table 2). Additionally, Table 2 showed that
Group 2PE200 (110.98 ± 1.08 g) exhibited compara-
tively the highest gain in body weight after treatment,
whereas Group 8EA600 (110.37± 1.04 g) gave the low-
est gain in body weight. Overall, the gain in body
weight of the experimental rat groups varied within
the range of 0.79 – 1.98%. Specifically, the cumulative
gain in body weight of the herbal extract-treated rat
groups was such that Group 2PE200 — Group 5PE800
(1.98 – 1.03%) was greater than that of Group 6EA200
— Group 9EA800 (0.95 – 0.79%). The relative gain in
bodyweight of theGroup 1CONT ROL (112.65± 1.01 g)
was greater than that of the herbal treated rat groups,
except that of Group 2PE200 (110.98± 1.08 g).
Table 2 showed that the liver weight to body weight
ratios of Group 2PE200 (0.0542 ± 0.02) and Group
3PE400 (0.0582 ± 0.02) were not significantly differ-
ent (p > 0.05) from that of Group 1CONT ROL (0.0468
± 0.02). The cumulative liver weight to body weight
ratio of Group 2PE200 – Group 5PE800 was compar-
atively greater than those of Group 6EA200 – Group
9EA800. Similarly, there was no significant difference
(p > 0.05) between the kidney weight to body weight
ratio of Group 2PE200 (0.00260 ± 0.002) and Group
3PE400 (0.00379± 0.003) (Table 2). However, further
increase in the experimental dose of the herbal extract
caused increased kidney weight to body weight ratio.
The liver weight and kidney weight to body weight ra-
tios of Group 2PE200 were significantly different (p <
0.05) from the corresponding Group 2EA200.

DISCUSSION
The combinations of distinctive molecular species
present in PE and EA fractions of O. gratissimum
leaf extract obviously dictated the toxic outcomes in
the experimental rats. Chemical-induced hepatore-
nal injuries and resultant dysfunction is often initi-
ated bymetabolic transformation ofmolecular species
to reactive intermediate species, such as electrophiles,
which alter the function and structure of cellular
macromolecules2,42. Measurement and evaluation
of blood indices are fundamental in establishing the
pathological and physiological statuses relevant to the
clinician, nutritionist and toxicologist43

The liver is primarily rich in aminotransferases,
namely AST and ALT, such that their presence in the
blood system indicates hepatic necrosis as well as ex-
trahepatic tissue damage or both 8,12,44,45. The find-
ings of the present study suggest that doses of PE (≥
600mg/kg b.w.) and EA (≥ 400mg/kg b.w.) fractions
ofO. gratissimum leaf extract administered to the rats
provoked hepatic tissue injuries by virtue of the re-
ported serum AST activities of the experimental rat
groups. Likewise, the pattern of serum ALT activi-
ties of the experimental rat groups administered with
PE and EA fractions ofO. gratissimum leaf extract ex-
hibited a mutual relationship with serum AST activi-
ties in terms of the dose-depended elevation of serum
AST activity. Extrahepatic tissues contain apprecia-
ble quantities of the aminotransferases, whereby their
raised levels in serum are also diagnostic of extrahep-
atic tissues necrosis. However, the measure of ele-
vated serum AST and ALT activities are non-specific
confirmatory tests for hepatic functional status. Ac-
cordingly, for the purpose of differential diagnosis,
evaluation of serum AST/ALT ratio is applied in or-
der to ascertain the severity and pathologic status of
the animal, as well as to identify and confirm the or-
gan of pathologic interest12,46. For instance, serum
AST/ALT ratio > 1 unit indicates advanced liver fi-
brosis and chronic hepatitis, whereas serumAST/ALT
ratio of 0.9 is diagnostic of nonalcoholic steatohep-
atitis12,46,47. Based on serum aminotransferases indi-
cators, the present study showed that administration
of PE and EA fractions of O. gratissimum leaf extract
did not substantially cause hepatic dysfunction at rel-
atively low dose of less than 400 mg/kg b.w.; however,
the rats exhibited acute hepatic dysfunction following
the administration of relatively higher doses of PE and
EA fractions of O. gratissimum leaf extract.
Elevation of ALP in the blood is linked to pathology of
the liver as well as the mucosal epithelia of small in-
testine, proximal convoluted tubule of kidney, bone,
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Table 2: Body weight and organ-to-body weight ratio of experimental rat groups

Groups Body weight (g) %∆b.w. L/b.w.-R K/b.w.-R

b.w.-BT b.w.-AT

Group 1CONT ROL 110.50± 1.06 112.65± 1.01 1.95 0.0468± 0.02 0.00245± 0.002a

Group 2PE200 108.83± 1.06 110.98± 1.08 1.98 0.0542± 0.02∗a,b 0.00260± 0.002∗a,b

Group 3PE400 109.50± 1.00 111.33± 1.01 1.67 0.0582± 0.02∗a,b,c 0.00379± 0.003∗a,b,c

Group 4PE600 110.67± 1.09 112.37± 1.08 1.54 0.0949± 0.05 f 0.00836± 0.004 f

Group 5PE800 108.00± 1.06 109.11± 1.03 1.03 0.0981± 0.04 f ,g 0.00890± 0.005 f ,g

Group 6EA200 111.50± 1.09 112.56± 1.08 0.95 0.0629± 0.04c,d 0.00456± 0.004c,d

Group 7EA400 109.50± 1.01 110.47± 1.05 0.89 0.0678± 0.04c,d,e 0.00483± 0.004c,d,e

Group 8EA600 109.50± 1.09 110.37± 1.04 0.79 0.0996± 0.05 f ,g,h 0.00978± 0.005 f ,g,h

Group 9EA800 109.67± 1.09 110.68± 1.04 0.92 0.0972± 0.05h,i 0.01968± 0.007h,i

b.w.-BT: Body weight before treatment
b.w.-AT: Body weight after treatment
%∆b.w.: Percentage change in body weights
L/b.w.-R: Liver weight to body weight ratio
K/b.w.-R: Kidney weight to body weight ratio
Asterisk (*): Not significantly different from Group 1CONT ROL at p > 0.05 according to LSD
The mean (X) ± S.D of six (n = 6) determinations. Means in the column with the same letter are not significantly different at p >
0.05 according to LSD.

and placenta. Serum ALP activities of experimental
rat groups administered with PE and EA fractions of
O. gratissimum leaf extract at doses greater than 600
mg/kg b.w. were substantially higher than the con-
trol rat group, which further confirmed a compro-
mised hepatobiliary function and was in agreement
with previous reports 8,10,12,43,45. Additionally, previ-
ous studies had noted that mild elevation of ALP ac-
tivity in the blood was indicative of cirrhosis, hepati-
tis, and congestive cardiac failure48.
Serum total bilirubin concentrations of the experi-
mental rat groups also confirmed that at relatively
low dose, PE and EA fractions of O. gratissimum leaf
extract did not provoke hepatic dysfunction. Hy-
perbilirubinemia, which is diagnostic of hepatic dys-
function and hemolytic disorders, is diagnostic when
blood serum total bilirubin concentration is greater
than 1.0 mg/dL8,49. Accordingly, serum total biliru-
bin concentrations of the experimental rat groups ad-
ministered with 200 mg/dL PE and EA fractions of
O. gratissimum leaf extract did not exhibit hepatic
dysfunction and hemolytic disorders. Nevertheless,
higher doses of PE and EA fractions of O. gratissi-
mum leaf extract elicited hyperbilirubinemia, which
was indicative of compromised hepatic dysfunction
in the rats. On the contrary, aqueous leaf extract of
O. gratissimum was reported to enhance hematolog-
ical parameters following oral administration to ex-
perimental rats24. It therefore implies that the phy-

tocomponents from aqueous leaf extract of O. gratis-
simum, as compared to PE and EA fractions of O.
gratissimum, did not provoke hemolytic disorders and
hepatic dysfunction; the blood bilirubin concentra-
tion was greater than the upper normal limit of the
reference range of blood bilirubin concentration.
The findings of the present study showed that the
pattern of renal tissue dysfunction appeared to cor-
respond to that of hepatic tissues following the ad-
ministration of PE and EA fractions of O. gratissi-
mum leaf extract. Specifically, elevation of serum
urea and creatinine concentrations of the experimen-
tal rat groups suggest that the severity of compro-
mised renal function was dose-dependent on the ad-
ministered PE and EA fractions of O. gratissimum
leaf extract. In a related research finding, Goniotha-
lamin (GTN), which is a phytocompound from sev-
eral plants of the genus Goniothalamus, engendered
dose-dependent renal dysfunction in Sprague-Dawley
rats45. Contrary to the outcome of the present study,
Ogundipe et al.16 reported that aqueous leaf extract of
O. gratissimum ameliorated gentamicin-induced re-
nal tissues injury in rats. However, based on empiri-
cal evidence of low creatinine clearance after 28 days
of treatment, they noted that the risk profile of re-
nal dysfunction is not unlikely following the admin-
istration of aqueous leaf extract of O. gratissimum16.
Another report50 showed that aqueous leaf extract

3610



Biomedical Research and Therapy, 7(2):3602-3613

of O. basilicum reversed δ -methrin-induced nephro-
toxicity in albino rats. Accordingly, the present re-
search findings appeared to suggest that themolecular
species that provoked hepatorenal tissue dysfunction,
for the most part, were not associated with the aque-
ous fraction of O. gratissimum leaf extract. Further-
more, the molecular species from O. gratissimum leaf
extract that caused dose-dependent hepatorenal toxi-
city in the experimental rat groups were hydrophobic
in character in view of the fact that they tended to as-
sociate with solvents of low polarity, namely, the PE
and EA fractions of O. gratissimum leaf extract.
Alteration in visceral organ weight, which precedes
morphological changes, is a sensitive indicator of sys-
temic toxicity 33,51. The alteration of visceral organ
weight, which is indicative of pathology or compen-
satory changes in response to stress to the organ, is
often reported in relation to the body weight of the
experimental animals in toxicological studies43,51–53.
Notable factors that influence adverse change in vis-
ceral organ weight are strain, age and sex of the ani-
mal, as well as environmental and experimental con-
ditions51,54. The results of body weight indicator sug-
gest that molecular species from the EA fraction ofO.
gratissimum leaf extract caused greater tendency to re-
tard gain in body weight of rats than the correspond-
ing PE fraction. Thus, the EA fraction of O. gratis-
simum leaf extract appeared to exhibit a greater tox-
icological score than PE fraction. Furthermore, the
pattern of alteration in body weights paralleled the
changes in organ-to-body weight ratio of the exper-
imental rat groups. The increase in organ-to-body
weight ratio is a reliable indicator of inflammatory re-
sponse of hepatorenal tissues following the adminis-
tration of PE and EA fractions of O. gratissimum leaf
extract to the experimental rat groups, as previously
described 33,51.
Hypertrophy of the hepatic tissues was evident in the
experimental rat groups administered with compara-
tively high doses of PE and EA fractions of O. gratis-
simum leaf extract. Specifically, the increase in liver-
body weight ratio of the experimental rat groups ad-
ministered with PE and EA fractions of O. gratissi-
mum leaf extract was an indication of hepatocellular
hypertrophy, inflammation and fibrosis, with resul-
tant hepatic dysfunction as previously described15,55.
Empirical investigations showed that hepatic hyper-
trophy is primarily themanifestation of accumulation
of lipids as well as other connecting pathologic fac-
tors55. The increase in kidney-to-body weight ratio
of the experimental rat groups was a reflection of re-
nal toxicity, tubular hypertrophy, and/or chronic pro-
gressive nephropathy as previously reported 33,56.

CONCLUSION
For the most part, the administration of PE and EA
fractions of O. gratissimum leaf extract at a dose less
than 200 mg/kg b.w. did not cause hepatorenal toxi-
city in the experimental rats. On the contrary, doses
of PE and EA fractions of O. gratissimum leaf extract
greater than 400 mg/kg b.w. caused dose-dependent
hepatorenal toxicity, with the EA fraction provoking
greater toxicity than the PE fraction ofO. gratissimum
leaf extract. Further investigations are required in or-
der to identify, quantify, and characterize the molec-
ular species present in the PE and EA fractions of
O. gratissimum leaf extract that elicited the toxic out-
comes in the experimental rats.
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