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Abstract
Antibiotics and immunotherapies possess unavoidable adverse effects that hinder sepsis management. Herbal drugs have 
demonstrated potential immunomodulatory properties vital for sepsis treatment. We hypothesized in the present study that 
the use of Carica papaya leaves extract had the potential to improve survival and modulate immune cytokine release during 
sepsis. Animals were subjected to cecal ligation and puncture (CLP) to induce sepsis. Septic rats divided into 10 groups 
received ethanol extract of C. papaya leaves (50 and 100 mg/kg), imipenem (120 mg/kg) and cyclophosphamide (CP, 10 mg/
kg). To investigate the immunomodulatory potentials of EE, cytokine levels like interleukin (IL-6), tumor necrosis factor 
(TNF-α), and IL-10 along with hematological and biochemical parameters were analyzed. Our results exhibited improved 
survival rates concerning ethanol extract treatment alone and in combination with imipenem and CP (100%) as compared 
to the CLP group (33.3%) on day 7 post-surgery. The combination treatment of ethanol extract with imipenem and CP 
significantly (P < 0.001) ameliorated cytokine levels and hematological and biochemical parameters in septic rats. A histo-
pathological examination suggested improved liver and kidney tissue condition after combination treatment as compared to 
the CLP group. Therefore, it was concluded that combination therapy of extract with imipenem and CP improved survival 
rates and marked immunomodulatory potential in septic rats compared to monotherapy. The findings suggested the use of a 
mixture of these drugs in clinical settings to treat sepsis.
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Introduction

Sepsis is a congregation of physiological, pathological, and 
biochemical reactions caused by the invasion of microbes 
(bacteria, fungi and virus) or trauma, resulting in the activa-
tion of immune response (Huang et al. 2019). It is a lead-
ing cause of mortality and morbidity which accounts for 49 
million cases and 11 million deaths globally, as reported by 
the Global Burden of Disease in 2017. Sepsis is a hyperin-
flammatory immune response manifested by abnormal secre-
tion of pro-inflammatory and anti-inflammatory cytokines 
due to microbial insult (Christaki et al. 2011). Dysregulated 
release of free radical species causing oxidative stress, 
uncontrolled functioning of coagulation cascade inhibiting 
fibrinolysis and producing thrombosis contribute to organ 
dysfunction and mortality in sepsis (Usmani et al. 2021). 
Activation of platelets leads to inflammation of vessels and 
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further contributes to sepsis (Dewitte et al. 2017). The liver 
and kidney are two prominent abdominal organs afflicted by 
dysfunction caused by sepsis (Sapin et al 2017).

Therapies capable of modulating the immune system have 
gained much attention in the treatment of sepsis. Drugs like 
doxycycline, tetracycline, and azithromycin claim to hold 
clinical benefits by suppressing cytokine and chemokines 
production (Shapira et al. 1996; D’Agostino et al. 1998; Patel 
et al. 2018). Anti-infective therapies and supportive care are 
the primordial therapy against sepsis (Rhodes et al. 2017). 
However, complications related to sepsis continue to grow 
(Gaieski et al. 2013). Also, antibiotic resistance may develop 
due to repeated and unnecessary drug administration (Zilahi 
et al. 2016). Taking into consideration the pathophysiology 
involved in sepsis, immunotherapy has taken a quantum leap 
in sepsis treatment (Hotchkiss and Opal 2010). However, 
previous studies reported the utilization of immunostimu-
latory drugs in clinical practice has not shown promising 
outcomes (Zeni et al. 1997; Weighardt et al. 2000; Watanabe 
et al. 2018). Therefore, therapeutic approaches against sepsis 
require to be renewed in order to minimize the mortality rate 
and enhance immunity.

Drugs of herbal origin exhibit immune system-altering 
properties by diverse mechanisms. Medicinal plants have 
reportedly mediated the release of inflammatory cytokines, 
along with the restriction of the cell proliferation, production 
of nitric oxide, and stimulation of antioxidant enzyme activi-
ties thereby ameliorating the diseased condition (Mukher-
jee et al. 2014; Jantan et al. 2018; Upadhyay et al. 2021). 
In particular, Carica papaya leaves tend to possess many 
active phytocomponents that are responsible to ameliorate 
oxidative stress, increase platelets and modulate the immune 
response to infection (Usmani et al. 2021).

Therefore, in the present study, we hypothesized that 
the C. papaya leaves combined with imipenem and CP 
could alleviate inflammation and impair organs of the body 
affected by sepsis. The effect of leaf extract on the survival 
rate in septic rats was also explored.

Material and methods

Animal procurement

The experiment was carried out on albino rats of either sex, 
weighing 250–350 g, and 8–10 weeks old. Animals were 
procured from Laboratory Animal Breeding and Research 
Centre, Jamia Hamdard University, New Delhi after the pro-
tocol was approved by the university’s Institutional Animal 
Ethics Committee (IAEC) (protocol number 1645). The ani-
mals were housed in polypropylene cages (4 per cage) with 
husk as bedding material under laboratory conditions with a 
controlled environment of temperature 22 ± 3 °C, humidity 

(60 ± 10%), and 12 h light/dark cycle. They were fed with a 
standard rodent pellet diet (from Lipton India) and drinking 
water.

Cecal ligation and puncture‑induced sepsis model

Animals were weighed and anesthetized with Ketamine 
(80 mg/kg) and Xylazine (10 mg/kg) injected intraperito-
neally (i.p.). The experiment was performed aseptically in a 
laminar flow cabinet. The animals were placed in an upright 
position in the working area and fixed the paws with adhe-
sive tape. The abdominal area was disinfected and shaved. 
Approximately 2 cm long midline abdominal incision was 
made and 2/3rd part of the cecum was exposed. A 4–0 silk 
suture was used to ligate the cecum and punctured at three 
different points with the help of a 21 gauge needle. The 
cecum was squeezed to ooze out the waste material into 
the peritoneal cavity and the abdomen was closed in two 
layers with 4–0 sutures. A pre-warmed normal saline (1 ml) 
was injected subcutaneously into all animals immediately 
after performing surgery. Animals were observed for 30 min 
post-surgery (Kalechman et al. 2002). The rats that showed 
lethargy with no improvement or moribund behavior were 
euthanized.

Drugs and chemicals

Imipenem was procured from Glenmark Pharmaceutical 
LTD., Mumbai, India and cyclophosphamide was obtained 
from Getwell Pharma India Private Limited. Haryana, India. 
Hematoxylin and Eosin, and ethanol, were bought from the 
company of Sigma–Aldrich (St Louis, MO, USA). Analyti-
cal grade chemicals were used and distilled water was used 
for their solubilisation.

Plant collection and extraction

C. papaya leaves were purchased from the Jamia Hamdard 
campus located in New Delhi, India. A botanist from the 
Department of Botany, School of Chemical and Life Sci-
ences, Jamia Hamdard, New Delhi authenticated the plant, 
where a voucher specimen (BOT/DAC/2021/06) was depos-
ited for record purposes.

For the preparation of extract, soxhlet extraction was 
carried out which is a temperature-controlled method and 
requires less amount of solvent. Also, dry and fine solid sam-
ples can be extracted using this method (Bryda and Stadny-
tska 2021). C. papaya leaves were washed in distilled water 
to remove dust particles and shade dried for 2–3 days. Then 
the dried plant material was crushed to ground it to powder. 
The powdered material (58 g) was then extracted for 24 h 
in the soxhlet apparatus using 500 ml ethanol with intermit-
tent shaking. This procedure was carried out at 78 °C and 
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the solvent was allowed to dry using a rotary evaporator at 
65 °C. The prepared extract was oven dried at 64 °C, till 
crude extract is obtained. The resultant dried extract was 
stored at 2–4 °C until further use.

Treatment regimen

The animals were divided into ten groups consisting of 6 
animals each. The rats in group I were administered with 
dimethyl sulfoxide (DMSO) as vehicle control, while group 
II animals were considered as toxic control and underwent 
CLP with no drug treatment. Group III remained EE Per se 
(100 mg/kg) extract as no CLP was performed. Group IV 
and group V animals were injected with 50 mg/kg ethanol 
extract (EEI) and 100 mg/kg ethanol extract (EEII), respec-
tively. Imipenem (120 mg/kg) was injected into animals 
in group VI. Animals in group VII and group VIII were 
given Imipenem (120 mg/kg) + EEI(50 mg/kg) and Imipe-
nem (120 mg/kg) + EEII(100 mg/kg), respectively, whereas, 
group IX and X animals were injected with Imipenem 
(120 mg/kg) + EEI(50 mg/kg) + CP (10 mg/kg, dissolved in 
saline) and Imipenem (120 mg/kg) + EEII(100 mg/kg) + CP 
(10 mg/kg), respectively.

All the drugs were injected (i.p.), 6 h post-surgery, every 
12 h for 7 days. For the survival study, experimental rats 
were monitored for 7 days.

At the end of the experiment (on day eight, 12 h after the 
last dose of the drug) animals were euthanized and blood 
was collected via cardiac puncture. Blood samples were 
then centrifuged at 2000 rpm for 15 min to separate the 
serum. Serum was collected in EP tubes for inflammatory 
and biochemical markers estimation, and stored at – 80 ℃ 
till further use. Tissue samples of the liver and kidney were 
collected, washed with normal saline, and fixed in 10% for-
malin for further histopathological examination.

Cytokine analyses

IL-6, TNF-α, and IL-10 serum levels were detected by the 
enzyme linked-immunosorbent assay (ELISA) method in 
accordance with the manufacturer’s instructions. The IL-6 
and TNF-α ELISA kits were purchased from Krishgen Bio-
systems, Mumbai, India, and the IL-10 ELISA kit was pur-
chased from Fine Biotech Co., LTD., China.

Biochemical estimation

Kidney function parameters include serum creatinine (SC), 
blood urea nitrogen (BUN), albumin, and liver function 
parameters like an alanine aminotransferase (ALT), and 
alkaline phosphatase (ALP) were performed in VETLAB, 
South Delhi, India (Nnaemeka et al. 2023). Antioxidant 
parameters such as lactate dehydrogenase (LDH), and 

creatinine kinase (CK) were performed by using assay kits 
purchased from Elabscience, New Delhi as directed by the 
manufacturer (Mannaa et al. 2014). Superoxide dismutase 
(SOD) was determined by the method of Resim et al. 2015 
and lipid peroxidase was measured as using the method 
described by Petronilho et al. 2016. Glutathione (GSH) was 
measured as previously described by Lee et al. (2017).

Hematological estimation

Blood samples for Prothrombin time (PT) and Plasma fibrin-
ogen were collected in sodium citrate vials while plain vials 
contained blood samples for haemoglobin (Hb), complete 
blood count (CBC) measurement, and EDTA vial was used 
for collecting blood for erythrocyte sedimentation rate (ESR) 
estimation. The blood samples were analyzed by VETLAB, 
South Delhi, India (Somayaji et al. 2016).

Liver and kidney histopathology

After 7 days of drug therapy and post-CLP, liver and kidney 
tissues were collected, subsequently flushed with PBS, and 
kept in 10% formalin for 24–48 h. The tissues were sliced 
and deparaffinised in ethanol. After fixation, H&E staining 
was applied at room temperature. Histopathological evalua-
tion was carried out by a pathologist under the light micro-
scope at 100X.

Statistical analysis

All the readings are expressed as mean ± standard devia-
tion in three replicates. The survival study was analyzed 
using the Log-rank test. The mean weight of all groups was 
statistically analyzed by the one-way analysis of variance 
(ANOVA) method. Data from multiple groups of treatment 
were analyzed using Tukey’s multiple comparison test. A 
statistically significant difference was expressed as P < 0.05 
between toxic and treatment groups. All the statistical exam-
ination was performed using GraphPad Prism software (Ver-
sion 5.01; GraphPad Software Inc.).

Results

Effect of Carica papaya leaves extract, imipenem, 
and cyclophosphamide on survival of septic rats

The survival rate was estimated to study the effect of imipe-
nem and CP along with papaya leaf extract at the end of rele-
vant treatments. The animals in CLP groups exhibited 100% 
survival on day 1 which decreased to 83.3% on day 3, 50% 
on day 4, and 33.3% on day 6 and day 7. However, a combi-
nation group of Imipenem + EE I + CP and Imipenem + EE 
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II + CP exhibited 100% survival on day 7 post-surgery. This 
was significant (P < 0.01) higher as compared to the CLP 
group. Figure 1 shows the survival curve of experimental 
rats.

Estimation of Immunomodulatory potential 
of Carica papaya leaves extract, imipenem, 
and cyclophosphamide in septic rats

The serum levels of IL-6, TNF-α, and IL-10 are significantly 
higher in CLP groups when compared to each group. The 
cytokines levels were reduced potentially (P < 0.05) in the 
EE groups alone and in combination with imipenem and CP. 
However, the cytokine levels in combination groups of EEI 
and EEII + imipenem + CP marked a statistical significance 
but at similar non-differentiating levels (P < 0.05). This sig-
nifies that ethanol extract in combination with other standard 
drugs reduces the cytokine levels producing a synergistic 
effect. Thus, exhibiting immunomodulatory potentials by 
modulating the immune response to microbial insult. Fig-
ure 2 shows the expressions of cytokine levels in rats.

Estimation of biochemical markers

Kidney parameters

The measurement of SC levels after the administration of 
EEI and EEII was found to produce a significant difference 
(P ≤ 0.001) by reducing the CLP-induced increased SC level 
in rats administered with a cocktail therapy of extract (EEI, 
and EEII) with imipenem and CP. However, the induction 
of DMSO, EEI alone, and imipenem showed no significant 
(P > 0.05) difference in SC levels (Fig. 3A).

Figure 3B represented that the increased BUN levels due 
to CLP surgery were markedly reduced by the administra-
tion of ethanol extracts alone, imipenem, and combinational 
drug therapy of EEI and EEII along with imipenem and CP 

(P ≤ 0.001). On the other hand, DMSO and EEI showed less 
significant (P ≤ 0.01) difference in the reduction of BUN 
levels.

Also, albumin levels were significantly (P ≤ 0.001) 
increased in rats who received a combination of EE, imipe-
nem, and CP producing a synergistic effect in comparison 
to CLP-induced low level of albumin (Fig. 3C).

Liver parameters

Figure 4 exhibited the effect of ethanol extracts, imipe-
nem, and CP on the liver function parameters of rats. CLP-
induced increased levels of ALT, and ALP were significantly 
(P < 0.001) reduced by the administration of a mixture of 
EEII + imipenem + CP, whereas, the combination of EEI 
with imipenem and CP produced a less significant (P < 0.05) 
reduction of ALT and ALP levels. Also, monotherapy of EE 
(I and II) was found to be effective in improving the liver 
function parameters (P < 0.001).

Antioxidant parameters

The effect of administration of ethanol extract of C. papaya 
leaves, imipenem and CP on antioxidant parameters were 
analyzed and presented in Fig. 5.

The CLP-induced reduced levels of GSH are significantly 
(P ≤ 0.001) increased by the administration of EEII along 
with imipenem and CP. A non-significant (P > 0.05) differ-
ence was reported by DMSO, EEI alone, and EEI + imipe-
nem groups, as shown in Fig. 5A.

A marked (P ≤ 0.001) reduction of CK levels were seen 
in septic rats administered with EEII alone, imipenem, and 
combination therapy of EEII+imipenem + CP as compared 
to the CLP group, whereas, the non-significant (P > 0.05) 
difference was observed in DMSO, EEIalone and EEI + 
imipenem groups. This indicates the synergistic potential of 
ethanol extract at a higher dose with other drugs (Fig. 5B).

Similarly, from Fig. 5C, it was observed that administer-
ing EEII, imipenem and combination therapy of extract and 
other standard drugs significantly (P ≤ 0.001) decreased the 
elevated levels of LDH in the CLP rat model.

The determination of MDA (malondialdehyde), an indi-
cator of lipid peroxidation is shown in Fig. 5D. A statisti-
cally significant (P ≤ 0.001) difference in MDA levels was 
observed in septic rats administered with a combination 
of ethanol extract (50 and 100 mg/kg), imipenem and CP 
and a combination of ethanol extract (50 and 100 mg/kg), 
and imipenem when compared to the CLP group. It can be 
observed that the CLP-induced increased levels of MDA 
were reduced by the administration of ethanol extract. 
However, EEI resulted in a slight significance (P ≤ 0.05) 
reduction in MDA level in comparison to the EEII, indi-
cating the effectiveness of extract at 100 mg/kg dose. On 

Fig. 1   The survival distribution of experimental rats in each group. 
DMSO, dimethyl sulfoxide (vehicle control); CLP, cecal ligation 
and puncture (toxic group, no treatment given); EE Per se, ethanol 
extract of C. papaya leaves (100 mg/kg); EE I, ethanol extract of C. 
papaya leaves (50 mg/kg); EE II, ethanol extract of C. papaya leaves 
(100 mg/kg); CP, cyclophosphamide
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the other hand, DMSO administration produced a slight 
significant (P ≤ 0.05) reduction in MDA levels when com-
pared to the CLP group.

A statistically significant (P ≤ 0.001) difference was 
indicated in Fig. 5E with an elevation of SOD levels in 
the EE II + imipenem + CP combination group, when 
compared to the CLP group. However, non-significant 
(P > 0.05) increased levels were observed in DMSO, EE 
Per se, EEI, imipenem and EEI + imipenem groups of 
animals.

Estimation of hematology parameters

Table  1 showed the effect of the treatment of ethanol 
extracts, imipenem and CP on hematology parameters. CLP-
induced increased levels of ESR, and PT were significantly 
(P < 0.001) reduced in animals treated with the combination 
of EE (I and II) + Imipenem + CP and decreased fibrinogen 
level was increased in animals treated with the combina-
tion of EE (I and II) + Imipenem + CP. A similar trend was 
followed by EEI except for a non-significant (P > 0.01) 

Fig. 2   The effect of Carica papaya leaves extract, Imipenem and 
Cyclophosphamide (CP) on the expression of serum cytokine lev-
els of IL-6 (A), TNF-α (B), and IL-10 (C). The levels of each group 
were expressed as mean ± SD with statistical significance *P < 0.05 
when compared to CLP groups. DMSO, dimethyl sulfoxide (vehicle 

control); CLP, cecal ligation and puncture (toxic group, no treatment 
given); EE Per se, ethanol extract of C. papaya leaves (100 mg/kg); 
EE I, ethanol extract of C. papaya leaves (50 mg/kg); EE II, ethanol 
extract of C. papaya leaves (100 mg/kg); CP, cyclophosphamide
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fibrinogen level (118 ± 16.4) and EEII treatment groups. 
However, DMSO-treated rats displayed a non-significant 
(P > 0.01) level of ESR, fibrinogen and PT and imipenem 
group rats showed a less significant reduction in the param-
eters comparatively.

CLP-induced elevated levels of mean corpuscular hemo-
globin (MCH) and white blood cell (WBC) levels in an 
animal model were reduced significantly (p < 0.001) by 
the administration of ethanol extract alone and in com-
bination with imipenem and CP exhibiting a synergistic 
value to the treatment (Table 2). Statistical threshold sig-
nificant (p < 0.001) increase was observed in the levels of 

hemoglobin, platelets, mean corpuscular volume (MCV), red 
blood cell (RBC) and haematocrit (HCT) by the treatment 
of combined therapy of ethanol extracts (I and II) with imi-
penem and CP in rats. However, EEI and imipenem groups 
displayed a non-significant (p > 0.05) reduction in MCV 
levels in animals.

Histopathological analysis

The hematoxylin and eosin (H&E) stained tissues of the 
liver and kidney of ethanol extract, imipenem and CP treated 
rats were used for histopathological examination (Fig. 6). 

Fig. 3   The effect of Carica papaya leaves extract, Imipenem and 
Cyclophosphamide on levels of kidney parameters of rats in each 
group. A Serum creatinine, B BUN; blood urea nitrogen, and C Albu-
min in each group were indicated. The threshold significance levels 
were expressed as nsP > 0.05 (non-significant), *P < 0.05, **P < 0.01, 
***P < 0.001 in CLP v/s other groups. DMSO, dimethyl sulfoxide 

(vehicle control); CLP, cecal ligation and puncture (toxic group, 
no treatment given); EE Per se, ethanol extract of C. papaya leaves 
(100 mg/kg); EE I, ethanol extract of C. papaya leaves (50 mg/kg); 
EE II, ethanol extract of C. papaya leaves (100  mg/kg); CP, cyclo-
phosphamide
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The changes in the liver and kidney morphology of septic 
rats were displayed in Fig. 6. The liver tissue section of the 
DMSO group demonstrated focal degeneration of hepato-
cytes with mild inflammation, indicated by a black arrow 
around the portal triad, as indicated by the red arrow, and 
focally dilated sinusoids (Fig. 6A1). The kidney tissue sec-
tion showed focal degeneration of tubular epithelial cells 
(red arrow) with normal appearing glomeruli (black arrow) 
as compared to the CLP group (Fig. 6A2). Photomicro-
graphs from the liver tissue of CLP-grouped rats displayed 
a widening of the portal triad with the presence of dilated 
and congested portal vein (black arrow) and dilatation of 
sinusoids. Mild lymphocytic infiltration was also seen in the 
portal triad. There was elongation and congestion of portal 
veins with central to central (red arrow) and central to portal 
fibrosis (Fig. 6B1). The kidney section showed destruction 
of glomeruli in different stages with one of the glomeruli 
(Black arrow) completely replaced by proteinaceous/necrotic 
material (Fig. 6B2). Furthermore, the liver and kidney sec-
tions from the EE Per se group displayed normal central vein 
(red arrow) with portal triads (black arrow) and intervening 
strands of normal hepatocytes and normal glomeruli and 
tubules (Fig. 6C1, 2). Section from the liver show dilated 
and congested sinusoids, whereas, kidney tissue showed sin-
gle abnormal glomeruli with fibrin deposition (black arrow) 
along with degeneration of tubular epithelial cells and mild 
peri-glomerular lymphocytic infiltrate (red arrow) were 
observed by EEItreated rats (Fig. 6D 1, 2). Animals treated 
with EEIIdemonstrated a normal portal triad (red arrow) 
with cords of hepatocytes and normal glomeruli and tubules 

(black arrow) (Fig. 6E 1, 2). The liver section of imipenem-
treated rats exhibited a congested central vein (black arrow) 
with dilated and congested sinusoids (red arrow) (Fig. 6F1) 
while kidney tissue showed normal glomeruli and tubules 
(red arrow) with few congested capillaries (black arrow) 
(Fig. 6F2). In the combination of EEIand imipenem, liver 
and kidney tissues displayed dilated and congested sinusoids 
(black arrow) and show single normal glomeruli with mild 
peri-glomerular lymphocytic infiltrate (red arrow) (Fig. 6G 
1, 2). From Fig. 6H 1, 2, it was observed that the liver 
showed a normal central vein (red arrow) with mild dila-
tion of sinusoids (black arrow) and kidney sections showed 
normal glomerulus and tubules (red arrow). Moreover, the 
combination treatment of extracts IIwith imipenem and CP 
was reported to produce show mildly congested central vein 
(black arrow) with mild dilation of sinusoids (red arrow) 
from the liver section and normal glomerulus (black arrow) 
and tubules from kidney tissue were observed (Fig. 6I1, 2, 
J1, 2). Furthermore, the liver tissue of the combination treat-
ment of extract IIwith imipenem and CP showed normal 
portal triad (red arrow) with mild dilation of sinusoids and 
kidney tissue displayed normal glomerulus and tubules (red 
arrow).

Discussion

The main objective of our study was to analyze the immu-
nomodulatory activity in septic rats following treatment 
with CP leaf extract. Our results demonstrated the positive 

Fig. 4   The effect of Carica papaya leaves extract, Imipenem and 
Cyclophosphamide on levels of liver parameters of rats in each group. 
A ALT; alanine transferase, and B ALP; alkaline phosphatase were 
indicated in each grouped animal. The threshold significance levels 
were expressed as *P < 0.05, ***P < 0.001 in CLP v/s other groups. 

DMSO, dimethyl sulfoxide (vehicle control); CLP, cecal ligation 
and puncture (toxic group, no treatment given); EE Per se, ethanol 
extract of C. papaya leaves (100 mg/kg); EE I, ethanol extract of C. 
papaya leaves (50 mg/kg); EE II, ethanol extract of C. papaya leaves 
(100 mg/kg); CP, cyclophosphamide
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outcome by producing a modulatory effect of plant extract 
toward a compromised immune system due to sepsis. The 
immune system in sepsis is activated by the attack of bacte-
ria, triggering macrophages, monocytes, T cells, polymor-
phonuclear leukocytes (PMNLs), free radical species, and 
nitric oxide production and coagulation pathway. This allows 
the release of proinflammatory cytokines namely, TNF, 
interleukins, products of arachidonic acid and complement 
(Herwald 2011). During the series of events activation of 
the coagulation system and platelets inhibit fibrinolysis and 
followed by endothelial dysfunction, microvascular dam-
age and disrupted circulatory system (Bone 1992a; Four-
rier et al. 1992). The production of these cytokines gives 
rise to systemic inflammatory response syndrome (SIRS) 
manifested as early sepsis followed by compensatory anti-
inflammatory response syndrome (CARS) characterized by 
severe sepsis (hyperinflammatory) and death (Bone 1992b; 
Iba et al. 2021). In the case of severe sepsis, multi-organ 
dysfunction is evident, this may lead to septic shock causing 
cardiovascular collapse, failure to fluid therapy, and vaso-
pressor agents (Faix 2013). The imbalance of SIRS and 
CARS response will produce mixed antagonist response syn-
drome (MARS). Increased pre-dominance of SIRS response 
causes higher chances of organ dysfunction and overpro-
duction of pro-inflammatory cytokines. Contrary, to this, 
the predominance of CARS will overburden the release of 
anti-inflammatory cytokines leading to a high propensity to 
develop an immunocompromised state (Bone 1992a).

The clinical applications of antibiotics and supportive 
care are the sole therapy for treating sepsis. However, the 
use of these therapies is limited due to associated adverse 
effects (Zilahi et al. 2016). The idea of implementing immu-
notherapy for managing sepsis and related complications in 
healthcare settings has emerged as a promising approach. 
A previous study revealed that the treatment of sepsis with 
antibiotics and G-CSF and antimicrobial peptide LL-37 
increased survival rates in a mouse model (Cirioni et al. 
2008). In contrast to this, the use of IgG antibody obtained 
from plasma of E. coli immunized volunteers, exhibited 
no significant difference in mortality between patients 
who received IgG antibody and standard IgG preparations 
(Calandra et al. 1988). The administration of anti-TNF-α 

monoclonal antibodies may be potentially beneficial against 
gram-negative and gram-positive bacteria in sepsis. Though, 
associated factors like the short half-life of TNF- α in 
humans rendering too early or much-delayed administration 
of anti-TNF-α monoclonal antibodies, insufficiency of high 
TNF- α levels to produce shock and capability of anti-TNF-α 
antibodies to treat all underlying causes of sepsis pour unfa-
vorable responses to drug use. Furthermore, immunostimu-
latory agents like interferon (INF)-γ and anti-inflammatory 
drugs such as interleukin (IL)-1 receptor antagonists have 
not displayed effective responses after clinical use (Zeni 
et al. 1997). On the other hand, another immunomodulatory 
component namely, IL-1Ra reportedly improves survival 
rates, reduced mean arterial pressure and cardiac output 
alleviating inflammation and incidences of organ failure 
(Bone 1991). Antimicrobial agents have also been in prac-
tice to treat sepsis. For instance, the use of imipenem along 
with CP demonstrated an increase in survival rates of septic 
rats (Guo et al. 2018). Supportively, a finding from another 
study demonstrated diminished cytokine levels, improved 
intestinal barrier function and restricted epithelial cell apop-
tosis along with enhanced survival rates by the concomitant 
administration of imipenem, normal saline and CP as immu-
nosuppressant drugs (Yang et al. 2018). Therefore, the use 
of immunomodulating agents to treat sepsis remains unclear 
due to the associated numerous limitations and this would 
do more harm than good.

Looking upon the complexity of sepsis and the avail-
ability of limited therapies available, we hypothesized that 
immunosuppression of host cells affected by the microbial 
insult during sepsis by the implication of herbal drugs might 
be able to overcome the challenges associated with previ-
ously available anti-infective therapies and immunomodula-
tors. Drugs of herbal origin efficiently reduce the production 
of free radical species thereby inhibiting oxidative stress, 
moderating the process of inflammation followed by immu-
nosuppression, and elevating platelets and other hematologi-
cal parameters (Scartezzini and Speroni 2000; Patil et al. 
2012; Ansari et al. 2021; Usmani et al. 2021). C. papaya 
is a herbaceous rapid-growing plant, anciently been used 
for the treatment of several diseases like malaria, dengue, 
jaundice, viral and bacterial infections, and immune-com-
promised conditions. The leaves are an essential part of the 
plant enriched with flavonoids, saponins, glycosides, phe-
nolic compounds, and alkaloids responsible for possessing 
high medicinal value like hepatoprotective, wound healing, 
antibacterial, anticancer, antithrombocytopenic, hypoglyce-
mic, antiulcer properties (Rahmani and Aldebasi 2016; Aji-
boye and Olawoyin 2020). Accordingly, a study performed 
on mice showed the analgesic activity of hexane, methanol 
ethanol and ethyl acetate extracts of papaya leaves (Hasi-
mun et al. 2014). Another study was conducted to study 
the antibacterial activity of aqueous, and chloroform extract 

Fig. 5   The effect of Carica papaya leaves extract, Imipenem and 
Cyclophosphamide on antioxidant parameters of rats in each group. 
A GSH; glutathione, B Creatine Kinase, C LDH; lactate dehydroge-
nase, D MDA; malondialdehyde, and E SOD; superoxide dismutase 
in each group were indicated. The threshold significance levels were 
expressed as nsP > 0.05 (non-significant), *P < 0.05, **P < 0.01, 
***P < 0.001 in CLP v/s other groups. DMSO, dimethyl sulfoxide 
(vehicle control); CLP, cecal ligation and puncture (toxic group, 
no treatment given); EE Per se, ethanol extract of C. papaya leaves 
(100 mg/kg); EE I, ethanol extract of C. papaya leaves (50 mg/kg); 
EE II, ethanol extract of C. papaya leaves (100 mg/kg); CP, cyclo-
phosphamide

◂
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of leaves and aqueous, and methanol extract of seeds. The 
results revealed that aqueous and methanol extracts of seeds 
inhibited the bacterial pathogens, whereas the chloroform 
extract of the leaves failed to inhibit the bacteria invasion 
and the aqueous leaf extract potentially inhibit them (Peter 
et al 2014).

From a previous study, it was found that CP, an immu-
nosuppressant, in combination with imipenem improves 
survival rates in septic animals (Brown et al. 2015). Similar 

findings from our model of sepsis revealed that CP together 
with imipenem and ethanol extract enhances survival in sep-
tic rats 7 days post-surgery. It is also evident that ethanol 
extract alone is not sufficient enough to protect immune cells 
from mortality due to severe sepsis. However, combinational 
therapy showed revamped survival rates. It can be concluded 
that the presence of phytoconstituents in the extract help in 
moderating mortality in septic animals through immune-
modulating potentials. A key to identifying the difference 

Table 1   Effect of Carica 
papaya extract, imipenem 
and cyclophosphamide on 
hematology parameters

The values are expressed as mean ± SD. The level of significance is denoted by (nsp > 0.05), (*p < 0.05), 
(**p < 0.01), (***p < 0.001)
DMSO, dimethyl sulfoxide (vehicle control); CLP, cecal ligation and puncture (toxic group, no treatment 
given); EE Per se, ethanol extract of C. papaya leaves (100 mg/kg); EE I, ethanol extract of C. papaya 
leaves (50 mg/kg); EE II, ethanol extract of C. papaya leaves (100 mg/kg); CP, cyclophosphamide (10 mg/
kg); ESR, erythrocyte sedimentation rate; ns, not significant

GROUPS (Mean ± SD) PARAMETERS

ESR Fibrinogen Prothrombin time (PT)

DMSO 4.30 ± 0.45 ns 100.66 ± 1.81 ns 15.16 ± 1.35 ns

CLP 5.23 ± 0.35 88.43 ± 7.64 16.43 ± 0.58
EE Per se 2.40 ± 0.70*** 159.80 ± 26.30*** 13.33 ± 0.70***
EE I 3.50 ± 0.40*** 118.00 ± 16.46 ns 12.20 ± 0.26***
EE II 2.83 ± 0.20*** 182.10 ± 21.02*** 12.73 ± 0.70***
Imipenem 4.01 ± 0.20* 110.76 ± 10.20 ns 14.16 ± 0.45**
EE I + Imipenem 3.20 ± 0.47*** 139.06 ± 18.52** 13.66 ± 0.80***
EE II + Imipenem 2.06 ± 0.35*** 180.23 ± 19.73*** 13.86 ± 0.15**
EE I + Imipenem + CP 1.83 ± 0.40*** 200.76 ± 4.75*** 13.43 ± 0.55***
EE II + Imipenem + CP 1.76 ± 0.30*** 207.90 ± 3.70*** 13.06 ± 0.40***

Table 2   Effect of Carica papaya extract, imipenem and cyclophosphamide on complete blood count (CBC) parameter

The values are expressed as mean ± SD. The level of significance is denoted by nsp > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001. DMSO, dimethyl 
sulfoxide (vehicle control); CLP, cecal ligation and puncture (toxic group, no treatment given); EE Per se, ethanol extract of C. papaya leaves 
(100 mg/kg); EE I, ethanol extract of C. papaya leaves (50 mg/kg); EE II, ethanol extract of C. papaya leaves (100 mg/kg); CP, cyclophospha-
mide (10 mg/kg); MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; RBC, red blood cells; WBC, white blood cells; HCT, 
hematocrit

Groups 
(Mean ± SD)

Parameters

Haemoglobin Platelets MCV MCH RBC WBC HCT

DMSO 10.33 ± 0.56*** 600.66 ± 55.51** 51.03 ± 2.12* 20.86 ± 0.25* 7.36 ± 0.45 ns 8.33 ± 0.35* 38.70 ± 1.53***
CLP 7.23 ± 0.60 371.66 ± 81.52 47.60 ± 0.70 21.96 ± 0.35 6.30 ± 0.36 9.50 ± 0.10 27.90 ± 0.55
EE Per se 16.06 ± 0.40*** 642.00 ± 6.24*** 53.23 ± 0.50*** 18.26 ± 0.35*** 8.20 ± 0.50*** 7.83 ± 0.37*** 42.16 ± 1.60***
EE I 12.76 ± 0.47*** 701.00 ± 7.00***− 48.26 ± 0.28 ns 17.06 ± 0.25*** 7.73 ± 0.25** 4.60 ± 0.40*** 39.60 ± 1.40***
EE II 15.23 ± 0.30*** 796.00 ± 61.53*** 54.80 ± 0.45*** 17.70 ± 0.26*** 8.36 ± 0.50*** 6.56 ± 0.20*** 49.96 ± 0.90***
Imipenem 13.86 ± 0.20*** 703.66 ± 58.70*** 50.70 ± 0.72 ns 17.20 ± 0.26*** 7.56 ± 0.55* 3.30 ± 0.45*** 40.03 ± 0.95***
EE I + Imipe-

nem
14.23 ± 0.35*** 792.66 ± 30.66*** 52.23 ± 1.68** 18.10 ± 0.36*** 7.83 ± 0.37** 4.16 ± 0.41*** 44.80 ± 0.30***

EE II + Imipe-
nem

15.36 ± 0.32*** 909.00 ± 70.29*** 55.73 ± 1.53*** 19.00 ± 0.10*** 9.00 ± 0.10*** 6.86 ± 0.15 *** 52.03 ± 1.26***

EE I + Imipe-
nem + CP

16.10 ± 0.45*** 1039.66 ± 71.93*** 56.40 ± 06*** 19.43 ± 0.60*** 9.16 ± 0.35*** 5.80 ± 0.30*** 52.26 ± 0.66***

EE II + Imipe-
nem + CP

17.16 ± 0.35*** 1083.00 ± 71.14*** 57.40 ± 0.81*** 17.36 ± 0.23*** 9.53 ± 0.05*** 7.56 ± 0.55*** 52.30 ± 0.60***
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Fig. 6   Histopathological examination of liver and kidney tissues of 
experimental rats by H&E staining (magnification, X100). A DMSO 
B CLP C Per se (C) CLP D Ethanol extract; EE IE EE IIF Imipenem, 
G EE I + Imipenem H EE II + Imipenem I EE I + Imipenem + CP J 

EE II + Imipenem + CP. DMSO, dimethyl sulfoxide; CLP, cecal liga-
tion and puncture; EE I (50 mg/kg ethanol extract; EE II (100 mg/kg 
ethanol extract); CP, cyclophosphamide. Figure 1 in each group repre-
sented liver tissue and Fig. 2 represented kidney tissue of each group
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Fig. 6   (continued)
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in our study is the inclusion of herbal ingredients with the 
additional benefit of causing minimum side effects (Lin et al. 
2020).

Findings from pre-clinical and clinical studies suggested 
that high IL-6 levels mark increased mortality (Remick et al. 
2002; Coopersmith et al. 2003). Contrary to this, another 
report stated that the targeted antibody therapy, which 
decreases IL-6 levels greater than five-fold, failed to improve 
survival or change elevated IL-6 levels in mice (Vyas et al. 
2005). We observed from our study that rats treated with 
imipenem displayed a decrease in TNF-α, IL-6, and IL-10 
levels as compared to the CLP group but when compared 
to C. papaya extract-treated animals the levels of cytokines 
were slightly higher. This suggested that the administration 
of ethanol extract of C. papaya leaves in septic rats sig-
nificantly decreases CLP-induced surge of pro-inflamma-
tory and anti-inflammatory cytokines (TNF-α, IL-6, IL-10). 
Moreover, the ethanol extract together with imipenem and 
CP exhibited a strong synergistic effect rendering its poten-
tiality for sepsis treatment.

We also analyzed the biochemical parameters in our study 
to further explore the effect of the extract on liver, kidney 

and antioxidant markers. Reports from previous studies 
stated that during severe injury to the immune cells in sep-
sis, marked dysregulated levels of kidney and liver param-
eters are observed which ultimately disturb the pathological 
mechanism of the host body (Wang et al. 2014). The excess 
free radicals production and unbalanced natural scavenging 
pathways may lead to microvascular dysfunction followed 
by organ dysfunction during sepsis (Coskun et al. 2011). It 
was observed from previous studies that the maintenance of 
protein and lipid integrity is regulated by GSH and provides 
protection against oxidative stress (Ross 1988). In contrast 
to increased MDA levels, GSH level is increased in kid-
ney tissues and decreased in lung, liver and heart tissues 
while MDA levels are increased. The attenuation of liver 
GSH triggered endotoxins induced oxidative stress in rats 
causing enhanced plasma lipid peroxide (LPO) levels (Car-
bonell et al. 2000; Ansari et al. 2016). A study by Ritter et al. 
(2003), clarified that plasma SOD levels remain a potent 
antioxidant marker of early mortality in septic rats. This may 
correspond to our present study explaining the reduced SOD 
activity by CLP operation in rats. The elevated levels of 
Creatine Kinase, LDH and MDA were attenuated by ethanol 

Fig. 6   (continued)
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extract treatment CLP-induced low GSH and SOD levels 
were significantly enhanced by CPL extract treatment. We 
also observed that CLP-induced increased expression of kid-
ney parameters like SC and BUN levels were reduced by the 
administration of ethanol extract of CPL in septic rats, how-
ever, more reduced levels were observed by the combination 
therapy of extract and imipenem and CP. The reduced level 
of albumin after CLP surgery was significantly elevated by 
the concomitant use of extract combination with imipenem 
and CP. Liver enzymes like ALT and AST were significantly 
increased in the sepsis group (Wang et al. 2014). Our study 
supports this data by exhibiting attenuation of ALT and ALP 
levels reduced by combination therapy of extract with imipe-
nem and CP in septic rats. Therefore, the hepatic and renal 
protective effects of CPL extract were evident by reducing 
inflammatory cytokines levels and regulating antioxidant 
enzymes. Our findings complement the previous studies 
performed on septic models to elucidate the effect of drugs 
on the liver and kidney (Coskun et al. 2011; Arulkumaran 
et al. 2018; Lee and Bae 2019).

In this study, we also analyzed the hemostatic alterations 
that occur during sepsis in response to the overproduction 
of cytokines like IL-6, IL-10 and TNF-α. The released 
cytokines are responsible for causing a dysregulated mech-
anism of procoagulant and anticoagulant arms leading to 
hemostatic imbalance. This ends up with the occurrence of 
endothelial injury and thrombosis associated with multi-
ple organ dysfunction and death (Satran and Almog 2003). 
Previous studies by Esmon (2005), and Lupu et al. (2020) 
demonstrated the secretion of inflammatory mediators 
elevate platelet production. Activation of platelets leads to 
inflammation of vessels and further contributes to sepsis. It 
is stated in a clinical report that low levels of hemoglobin 
are associated with the condition of septic shock (Jung et al. 
2019). Thrombocytopenia was observed in patients with sep-
sis and severe sepsis (Guclu et al. 2013). A previous study 
indicated that there is a significant relationship between 
ESR with inflammation (Ita et al. 2016; Ahn et al. 2018). 
The findings from our study are in line with the previously 
published studies that reported the alteration of CBC, pro-
thrombin time, fibrinogen and ESR levels due to sepsis (Aird 
2003; Barati et al. 2008; Hassaan et al. 2015; Pereira et al. 
2017; Sinha et al. 2021). We concluded from our results that 
the ingestion of a mixture of ethanol extract with imipenem 
and CP has the potential to ameliorate CLP-induced hema-
tological alterations and progression of sepsis severity.

Hepatotoxicity and nephrotoxicity were further con-
firmed by histopathological examinations. Our findings 
showed prominent signs of the development of infection 
in animals that underwent CLP marked by the widening 

of the portal triad and dilatation of sinusoids, mild lym-
phocytic infiltration, elongation, and congestion of por-
tal veins with fibrosis in liver tissues. The kidney sec-
tion showed destruction of glomeruli in different stages 
with replacement by proteinaceous/necrotic material. The 
cocktail therapy of ethanol extract with imipenem and 
CP, indeed, improved the severity of sepsis by display-
ing a mild periportal inflammation with mild dilation of 
sinusoids from the liver section and normal glomeruli 
and tubules from kidney tissue. In contrast to the results 
from a study by Guo et al. (2018), the effect of ethanol 
extract and combination therapy on the GI tract may also 
reveal important aspects in addition to the effect on the 
kidney and lungs. This supports the fact that C. papaya 
leaves extract potentially ameliorates the septic infection 
in conjunction with minimum adverse effects. However, 
our study has some limitations. To begin with, microbial 
culture was not carried out which could provide an insight 
into the presence of different types of bacteria in sepsis. 
Additionally, the effect of CLP on other vital organs were 
not included in this study which could profoundly explicit 
an in-depth analysis of ethanol extract of CPL on septic 
animals. Considering the results of our study we concluded 
that future investigations should be carried out to evaluate 
the effect of ethanol extract from C. papaya leaves in a 
large clinical set-up for better management of sepsis.

Conclusion

The rat model of sepsis was successfully replicated in our 
study mimicking the sepsis and sepsis-related complica-
tions in humans. The administration of ethanol extract 
from C. papaya leaves in combination with imipenem 
and CP have significantly displayed infection-reducing 
potentials by modulating the immune response to injury, 
regulating biological and hematological pathways involved 
in sepsis occurrence. However, there are some limitations 
to our study, foremost, we could not express this effect 
further due to a lack of clinical approach. Also, in-depth 
immunohistochemistry estimations and gene expression 
analysis were not included which may complement with 
the available studies. Moreover, we did not examine organs 
like lungs and GI tract that are impacted in the early stage 
of sepsis and functional changes can be observed due to 
cyclophosphamide intake. Further studies on the isolated 
organ tissues would be revealing.

Our findings further promote the use of C. papaya 
leaves for future investigations in clinical settings with 
a view to twirling the availability of limited therapeutic 
options for sepsis treatment globally.
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